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Abstract
To evaluate the circadian system status of the subject
may be of special interest in nutrition. Particularly for
those studies related to the assessment of diseases related
to malnutrition, as it is the case of most of the degenerative diseases such as obesity, cancer, or cardiovascular
diseases. For this purpose, one of the approaches consists
to measure a) the external synchronizers of the internal
clock, such as light intensity, and changes from fasting to
eating and from resting to activity. Indeed, “chronodisruptors” have been defined as “exogenous and endogenous exposures or effectors which are chronobiologically
active and can thus disrupt the timing and order.
Another approach to assess the circadian system
health is to measure the b) outputs of the internal clock
(circadian marker rhythms). Among such outputs, the
rhythm of body temperature, motor activity, melatonin,
cortisol and clock gene expression are the most commonly used. From the genetic perspective, we are now able to
measure failures in the internal clock, in order to assess
c) the genetics of the molecular clock. Indeed, new nutrigenetics techniques are giving us the opportunity to measure the association between different genetic variants
of our clock genes and several illnesses such as obesity,
cardiovascular diseases, diabetes or cancer. In addition
to these techniques, self-reported questionnaires based
in the morning-evening preferences have been developed
as complementary procedures to assess human chronotypes.
(Nutr Hosp 2015;31(Supl. 3):279-289)
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MÉTODOS CRONOBIOLÓGICOS EN LAS
ENCUESTAS ALIMENTARIAS: CRITERIOS
DE APLICACIÓN E INTERPRETACIÓN DE
RESULTADOS
Resumen
Evaluar el estado del sistema circadiano del sujeto
puede ser de especial interés en la nutrición. En particular, para los estudios relativos a la evaluación de las
enfermedades relacionadas con la malnutrición como es
el caso de la mayoría de las enfermedades degenerativas
tales como la obesidad, cáncer, o enfermedades cardiovasculares. Para este propósito, uno de los enfoques consiste en medir a) los sincronizadores externos del reloj
interno, tales como intensidad de la luz, y los cambios
de ayuno/ingesta y de reposo/actividad. De hecho, se ha
definido el término de “cronodisruptor” que se refiere a
“exposiciones o efectores exógenos y endógenos que son
cronobiológicamente activos y que por lo tanto pueden
interrumpir el tiempo”.
Otro enfoque para evaluar la salud del sistema circadiano es medir b) las salidas del reloj interno (ritmos
circadianos). Entre ellos las más utilizadas son la medición del ritmo de la temperatura corporal, la actividad
motora, la melatonina, el cortisol y la expresión de genes
reloj. Desde el punto de vista genético, ahora somos capaces de medir c) las alteraciones del reloj interno, con el
fin de evaluar la genética del reloj molecular. De hecho,
las nuevas técnicas de nutrigenética nos están dando la
oportunidad de medir la asociación entre las diferentes
variantes genéticas de nuestros genes reloj y varias enfermedades como la obesidad, las enfermedades cardiovasculares, la diabetes o el cáncer. Además de estas técnicas,
se han desarrollado cuestionarios basados en las preferencias de mañana-tarde como procedimientos complementarios para evaluar cronotipos humanos.
(Nutr Hosp 2015;31(Supl. 3):279-289)
DOI:10.3305/nh.2015.31.sup3.8776
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Introduction
To evaluate the circadian system status of the subject may be of special interest in nutrition. Particularly
for those studies related to the assessment of diseases
related to malnutrition, as it is the case of most of the
degenerative diseases such as obesity, cancer, or cardiovascular diseases. Current epidemiological studies
have demonstrated that several situations in life such
as shift working, night eating, jet lag and short sleep,
are accompanied by a disruption of the individual circadian rhythms. Chronodisruption (CD) is a relevant
disturbance of the circadian organization of physiology, endocrinology, metabolism and behavior, which
links light, biological rhythms and the development of
several diseases.
The International Agency for Research on Cancer (IARC) classified shift-work that involves circadian
disruption as probably carcinogenic to humans in 2007
and this was the prelude to extensive experimental and
epidemiological research in coming years1. Moreover,
it was pointed out in Lancet Oncology that among the
many different patterns of shift-work, those including
night work were the most disruptive for the circadian
clock. Indeed, with 20% of people worldwide being
engaged in some work at unusual times, including the
night, it is a relevant task in public health to clarify the
biologically plausible links via circadian disruption
with epidemic cancers such as of the breast or prostate.
The effect of CD on human health is an emerging
issue. Many records link CD not only with cancer but
also with cardiovascular, cognitive impairment and
obesity, all of them conducive to premature aging. The
precise mechanisms linking obesity to CD are not well
known. It has been hypothesized that current habits,
such as high snacking frequency, a reduction in total daily sleep and increased exposure to bright light
during the night, and “inadequate” meal timing induce brain to lose its ‘feeling’ for internal and external
rhythms. The lack of day–night environmental contrast may lead to CD and metabolic disturbances, including obesity. Conversely, studies performed using
experimental models have shown that developing obesity and diabetes itself disrupts the molecular clock
system. Both, as a cause or as a consequence, CD is
closely linked to obesity.
Methods for monitoring the functional status of
the circadian system
The role placed by the circadian system in maintaining health underlines the importance of developing
techniques for its objective evaluation, just as there are
techniques that evaluate the respiratory and cardiovascular systems. The main challenge is to be able to measure a process that develops over long periods of time,
which implies multiple measurements, preferably ones
that do not interfere with the subject’s daily routine2.
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One of the approaches consists to measure a) the
external synchronizers of the internal clock, such as
light intensity, and changes from fasting to eating and
from resting to activity. Indeed, “chronodisruptors”
have been defined as “exogenous and endogenous
exposures or effectors which are chronobiologically
active and can thus disrupt the timing and order, i.e.
temporal organization of physiologic functions and
hierarchies”1. In principle, whatever allows the establishment of temporal organizational order in organisms
should also be capable of disrupting such order when
present or applied in excess or deficit and, most importantly, at unusual and inappropriate times. In this
sense, apart from light, other external chronodisruptors are inadequate meal timing and exercise timing3.
Another approach to assess the circadian system
health is to measure the b) outputs of the internal
clock (circadian marker rhythms). Among such outputs, the rhythm of body temperature, motor activity,
melatonin, cortisol and clock gene expression are the
most commonly used4. From the genetic perspective,
we are now able to measure failures in the internal
clock c) the genetics of the molecular clock. Indeed,
new nutrigenetics techniques are giving us the opportunity to measure the association between different genetic variants of our clock genes and several illnesses
such as obesity, cardiovascular diseases, diabetes or
cancer. In addition to these techniques, self-reported
questionnaires based in the morning-evening preferences have been developed as complementary procedures to assess human chronotypes5-7.
Methods to measure external synchronizers
Light exposure
The circadian system is regulated by external signals,
which are responsible for setting the clock each day. Given that the light-dark cycle is the most important synchroniser, it is of great interest to be able to quantify the
light exposure of individuals. Low levels of illumination
during the day lower the central temperature and state
of awareness compared with the levels observed in high
illumination8. However, during the night exposure to light, especially blue light, should be avoided in order to
maintain melatonin secretion.
Indeed, one key external chronodisruptor is light at night. Under natural conditions, biological circadian and
seasonal rhythms are synchronized to the regular 24-hr
and seasonal light–dark cycles and the suprachiasmatic
nuclei and melatonin have critical roles in these processes. In fact, light is a key Zeitgeber affecting melatonin
rhythms and the circadian rhythms of melatonin can provide clock (24 hr) and calendar (seasonal and yearly) information for many species, including humans1.
The light-darkness cycle to which subjects are exposed can be quantified by small data loggers, that contain
a photosensitive cell, that periodically record the light

FOOD SECURITY AND ADDITIONAL ISSUES IN NUTRITION STUDIES

12/02/15 14:37

intensity received by the individual. Recently, sensors
that differentiate between light wavelengths (blue, red
and green) have become available, which means that the
blue light, which has a greater capacity to synchronise
the circadian pacemaker, can be accurately evaluated.
The combination of these sensors with environmental
temperature sensors provides complete information concerning the quality of the environmental synchronisers
that act on the circadian system8. They also enable poor
sleep hygiene habits to be identified; for example, sleeping in illuminated environmental conditions or in too
high temperatures.
Meal timing (changes from fasting to eating)
The meal times (and number of meals consumed) differ greatly from culture to culture and through time. Indeed, timing of food intake is a modifiable behaviour that
may influence energy regulation and consequently the
risk of obesity. Several studies performed in experimental animals have demonstrated that when the animals eat
at the “wrong time” they become obese, although they
apparently eat and expend the same amount of energy3.
Our group of research have demonstrated that the timing of the main meal (lunch) in a Mediterranean population from Spain, is predictive of the weight loss during
a 20-week dietary intervention conducted in 420 obese
and overweight individuals9. Another relevant result
from this study was that insulin sensitivity was lower in
late eaters as compared to early eaters. However, the physiological explanation for this novel discovery was unknown. In order to deep in these results we developed a

randomized, crossover protocol in which we studied the
same women (n=32) in two conditions: one week having
lunch at 1 PM and the other at 4.30 PM. We demonstrated
that eating late is associated with decreased resting-energy expenditure, decreased fasting carbohydrate oxidation, decreased glucose tolerance, blunted daily profile in
free cortisol concentrations and decreased thermal effect
of food on peripheral temperature. These results may be
implicated in the differential effects of meal timing on
metabolic health (Fig. 1).
Different methods may be used to assess habitual dietary intake and meal timing: For example, to evaluate
food habits, initial nutrient intake can be determined by a
7 days dietary record. In each day subjects should record
everything they eat and also the timing that they start
or finish each meal. Patients can also record during one
week the time at the day that they start every meal with
the questionnaire developed by Bertéus et al.10 (Fig. 2).
Other questionnaire used to assess the circadian changes on hunger and appetite is the one developed by Flint
et al., of visual analogue scales (VAS) for measurement
of appetite sensations. VAS are used to record hunger,
satiety, fullness, prospective food consumption, desire to
eat something fatty, salty, sweet or savory, and palatability of the meals11. These questionnaires may be completed
before and after each meal everyday during one week.
Exercise timing (changes from activity to inactivity)
Actigraphy is a non-invasive method useful to mea
sure the rest-activity cycle in humans. It is based on
the principle that during periods when the individual

Decreased glucose tolerance

Decreased resting-energy
expenditure

Blunted daily profile in free
cortisol
UNUSUAL
MEAL
TIMINING

Decreased fasting
carbohydrate oxidation

Decreased thermal effect of food
on peripheral temperature

Bandin et al., (Garaulet) International Journal of Obesity, 2014

Fig. 1.—Effects of meal timing on metabolic
health34.
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Describe how you cat during a usual 24-hour period. Give a time for cach cating episode and
mark with a cross the type of meal which corresponds best.
Do not forget snacks, other “light meals” and drinks.
Note, you can have several main meals during a day.
Type of meal
Time

Main meal
e.g. cooked dish,
soup with bread,
salad with bread,
pizza

Light meal/
Breakfast
e.g. porridge,
cereals,
sandwiches,
soup, salad,
omelette

Snack meal
e.g. a sandwich,
biscuit, bun,
cake, fruit,
sweets, ice cream
(w/ or w/o a
drink)

Example:
2300

Drink, only
e.g. coffee, tea,
soft drink, juice,
milk,
beer, wine

X

Fig. 2.—Questionnaire of Bertéus et
al.,10 in meal timing.

is awaken; activity levels are high compared to when
the individual is asleep. For its measurement, an activity sensor (actimeter) is placed on the wrist of the
non-dominant hand for not less than 5 days, the minimum period to obtain reliable data that reflect the
characteristics of the subject12.
Actigraphy has been used to study sleep/wake patterns for over 20 years. The advantage of actigraphy over traditional polysomnography (PSG) is that
actigraphy can conveniently record continuously for
24-hours a day for days, weeks or even longer13. It is
also considered the method of choice for evaluating
and diagnosing circadian disorders such as chronodisruption in shift-workers, delayed and advanced sleep
phase syndrome, free running syndrome and irregular circadian rhythms14. However, as with any other
measurement, actigraphy is subject to masking and
artefacts, for example, the difficulty in differentiating
between the beginning of night rest and the removal of
the sensor to shower just before going to bed, movements of one’s bed partner, sleeping in a car or train,
etc.15.
Other methods are 7 days activity records, in which
subject record the timing, type and intensity of the daily physical activity performed during one week, including weekdays and weekends.
Methods to measure “Outputs of the clock”
Central and peripheral thermometry
One of the most commonly used marker rhythms is
the central temperature rhythm, whose profile has been
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widely described16,17 and in which the highest values
occur in the day and lowest at night.
In humans, the central temperature is usually measured by means of rectal probes that should be worn
for several days, which is obviously uncomfortable.
Recently as an alternative to measuring the central
temperature, the rhythm of skin peripheral temperature has been proposed as a marker rhythm18-21. This
rhythm is induced by the alternation between vasodilatation and vasoconstriction generated by the parasympathetic-sympathetic balance. The predominance of
sympathetic activity during the day is associated with
lower temperatures, while its inhibition and the simultaneous activation of the parasympathetic system are
associated with higher temperature. Moreover, increased skin temperature constitutes a signal that favours
the beginning of nocturnal sleep through stimulation
of hypothalamic areas22.
The circadian pattern of peripheral skin temperature exhibits some characteristics phases (Fig. 3)18. It
increases prior to sleep and remains high during the
night. Upon awakening, the temperature falls abruptly and remains low during the day. About 20-21h,
when the peripheral temperature reaches its lowest
value it is difficult to go to sleep in normal circumstances, this phase is known as wake maintenance
zone.
The most used procedure to record skin temperature consists of a small autonomous data logger, placed on the internal surface of the wrist (over a radial
artery) of the non-dominant hand and held in place
by a bracelet or watch. The sensor can also be placed
in any other peripheral region such as the arm, ankle
or finger18,19. This easily obtained measure has been
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The circadian pattern of peripheral skin temperature

Sister 1
Sister 2

Wrist Temperature

2

3

1

4

Time (h)
1) Sharp increase in anticipation to sleep onset
2) High levels during nocturnal sleep
3) A secondary peak in the afternoon
4) A dip between 20:00 and 22:00h, a period known as the “wake maintenance zone”

shown to be useful to characterize biorhythms in a
variety of population groups including babies23 and
young people8,19 as well as to identify CD associated with different pathologies such as hypertension24,
metabolic syndrome and obesity20,21,25,26. Moreover,
it has been shown that wrist skin temperature (WT)
rhythm has a distinct endogenous component, even
in the presence of multiple external influences. Therefore, WT has been proposed as an informative and
minimally invasive technique to measure circadian
rhythm in free-living subjects27.
Melatonin
Melatonin is considered the best marker of the circadian system phase. However, its profile is strongly
influenced by light exposure and, to a lesser extent,
body position, physical activity, sleep, caffeine and
drugs like beta-blockers28-31. Plasma levels of melatonin show a circadian profile, with low levels during
the day and high levels during the night, the highest
being between 02:00 and 04:00am. In humans, melatonin contributes to the body temperature rhythm since
it is responsible for vasodilatation of the skin of the
extremities through its activation of thermosensitive
neurons present in brain areas involved in sleep regulation. The melatonin secretion schedule is closely related with the propensity to sleep and coincides with a
fall in the central body temperature, arousal level and
performance32. Indeed, since 1992 we know that the
circadian rhythms of melatonin and body temperature
are inversely coupled.

Fig. 3.—24-h
waveform of wrist
skin temperature (WT)
of two monozygotic
sisters recorded
continuously for seven
days59. The standard
skin temperature
rhythm exhibits a sharp
increase in anticipation
to sleep onset, it
maintains high levels
during nocturnal sleep
and shows a secondary
peak in the afternoon.

The hypothermic properties of melatonin are
accountable for the generation of at least 40% of
the amplitude of the circadian body temperature rhythm. Manipulation of melatonin levels might
be clinically useful to resynchronize the body temperature rhythm under conditions of body temperature rhythm desynchronization.
The levels of melatonin can be reliably measured in
plasma, saliva and urine (in the last case as its metabolite, 6-sulfatoximelatonin). The best time to evaluate
melatonin as a marker of the circadian rhythm coincides with its rapid increase at nightfall. Since its levels are altered by exposure to environmental light of
a given intensity and spectrum, it is generally accepted
that melatonin samples taken during the dark period
should be collected under a dim light (< 50 lux), which
is why this protocol is known as DLMO (Dim Light
Melatonin Onset)33. It is sufficient to start sampling 2
to 3 hours before the subject’s normal bedtime (around
19:30-22:00h), assuming that the individual shows no
phase alterations.
Cortisol
Cortisol is a corticosteroid with a robust circadian
profile peaking around the usual waking time and with
much lowers values as the day progresses and reaching
its lowest value about 2 hours after going to sleep. The
physiological significance of this increase consists of
preparing the body for the forthcoming days, increasing the blood pressure, plasma concentrations of glucose, cardiac output, etc. Because of its robustness,
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this rhythm is also considered a good marker of the
circadian system.
Similarly to the other variables mentioned above,
cortisol levels can be affected by external factors such
as food timing34, stressful situations, light exposure
at given moments of the day35, hyperproteic meals or
obesity36. Non-pathological situations such as aging
also affect the cortisol profile. The sleep-wake profile
can even modify cortisol rhythm. Sleep deprivation,
the predominance of light sleep, and a certain number
of nocturnal awakenings will increase cortisol levels37.
Cortisol can be measured in serum or saliva, the
most critical times for measuring its circadian profile
being the increase just before waking up and its minimum level in blood at the end of the day/beginning of
night.
Sleep and Wakefulness patterns (integrated variables)
Sleep is not a clear “output” of our internal clock.
However, it is modifiable by the subject, and because
it can also change the individual exposition to the external synchronizers such as light, it is able to influence the internal clock function. Moreover, it is clear
that synchronization of the sleep wake schedule and
the internal clock is essential to an individual’s ability to maintain sleep and wakefulness when desired.
For example, to fly across time zones or to work night
shifts, desynchronize sleep and wake patterns from the
internal clock’s circadian rhythms and result in an alerting signal that is too low when an individual wishes
to be awake and too high to allow for a consolidated
period of sleep.
Therefore, to measure the circadian pattern of sleep
and wakefulness may be relevant in chronobiological and nutritional studies. For this purpose, Laboratory-based polysomnography (PSG) is widely used. It
is a comprehensive recording of the biophysiological
changes that occur during sleep. The PSG monitors
many body functions including brain (EEG), eye movements (EOG), muscle activity or skeletal muscle activation (EMG) and heart rhythm (ECG) during sleep.
Although PSG is the gold standard to measure sleep objectively it is impractical for long-term and
home utilization. Therefore, alternative techniques
have been developed. The validity of self-recording as
a means of collecting data on sleep and wakefulness
is still an open question, though it is probably as reliable as any other subjective method and is the most
convenient way of accumulating data when a large
sample of subjects must be used. Current evidence has
shown that, overall, actigraphy is an excellent tool for
unobtrusive documentation of sleep/wake activity in
normal individuals. However, a number of methodological issues remain to be resolved to warrant its use in
clinical research.
In order to increase the reliability of circadian monitoring, integrated variables obtained from processing
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individual variables have been recently proposed. For
example, the TAP algorithm, proposed by Ortiz-Tudela et al.19, is based on integrating, after normalisation, the following variables: skin temperature, motor
activity and body position (Fig. 4). The first of these
variables, skin temperature, is under endogenous control, while motor activity is modified voluntarily but it
is also under endogenous control. Lastly, of the three
variables used for the integration, body position is the
most closely dependent on voluntary control. TAP is
modular thus it can be amplified by incorporating new
variables that complement the information even further. TAP variable permits us not only to determine
how the individual’s circadian system functions, but
also to infer the sleep-wake rhythm with a precision
higher than 90% according to polysomnographic recording. This technique constitutes the base of ambulatory circadian monitoring procedure (ACM), which
recently has been applied to evaluating the circadian
maturity in newborns23, and pathologies like metabolic
syndrome21.
Methods to measure “failures in the internal clock”
Genetics of the molecular clock
The capacity to undergo rhythmic oscillations is a
characteristic intrinsic to living matter. A fundamental
statement of chronobiology states ‘many rhythms persist even in complete isolation from the major known
environmental cycles’. This concept supports that natural rhythms can exist independently of the periods
defined by geophysical cycles; this means that living
matter has its own time, i.e., the ‘biological time’. In
this sense, it has been hypothesized the existence of a
Chronome within the Genome.
Over the past two decades, biochemical, genetic,
and molecular studies have been making substantial
advances towards the elucidation of the molecular bases of rhythmicity in living things. Riding on the wave
generated by the seminal studies in the 1970’s focusing on in the circadian variability of hormones such
as cortisol, melatonin or growth hormone (GH), or
those related to the discovering and description of the
physiological bases of the suprachiasmatic nucleous
(SCN), current chronobiology has dramatically evolved thanks to the new genetic and molecular biology
techniques.
A major stride in understanding the molecular basis of circadian rhythms was the identification by Konopa and Benzer in 197138 of a chromosomal region
controlling the period of eclosion time in Drosophila, followed by the cloning of the first clock genes in
Drosophila melanogaster in 198439. Today, thanks to
these molecular techniques, we are able to study the
expression of the known clock genes implicated in the
circadian machinery. We already know that, in mammals, the core components of the clock molecular ma-
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Daily patterns of wrist temperature, activity, position
and sleep probability in C and T carriers of CLOCK

Fig. 4.—Skin
temperature, motor
activity and body
position in CLOCK
3111TC60.

chinery operate in almost all cells of the body through
a complex network of transcriptional-translation loops
and modulate the expression of specific target genes
and their products to oscillate in 24-hour rhythm.
Nowadays, experimental models are allowing us to
assess clock genes expression not only in the living animal but also outside of the body, (in vitro techniques),
and we are also able to analyze the 24h fluctuations in
gene expression and to assess the presence or absence
of a peripheral clock in the different organs and tissues.
Moreover, we can use experimental models to turn on
and off specific components of the clock machinery
to identify its effects on metabolic and disease phenotypes. From the genetic epidemiology point of view,
the study of single nucleotide polymorphisms (SNPs),
is contributing to the identification of the genetic background of chronotypes (morningness or eveningness),
sleep alterations or seasonal mood disorders.
More recently, epigenetic and nutrigenetic approaches are also allowing us to study new interactions
and layers of complexity that may have a significant
impact on chronobiology as well as pathophysiology.
Epigenetics is the study of heritable changes in gene
expression or cellular phenotype caused by mechanisms other than changes in the underlying DNA sequence. CLOCK and SIRT have both epigenetics effect in
acetylation and deacetylation of histones respectively.
MicroRNAs may become novel therapeutic targets for
disorders in the circadian clock. The knowledge achieved in the circadian epigenome could give us new
answers to the connections among genetics, circadian
rhythmicity and obesity.
Moreover, the technological power of other
“-omics” (i.e., metabolomics, proteomics) is becoming

essential to our ability to “put-it-all-together” and we
are fast learning about the timing of different metabolites such as aminoacids, lipids, xenobiotic, etc. in
the liver in mice, and in plasma and saliva in humans,
allowing us to achieve a more complete and refined
knowledge of the circadian rhythm and its physiological effects. These advances have given to the science
of chronobiology a renewed stimulus that makes this
science increasingly robust and attractive.
Genetic variants associated to chronodisruption
Some examples of SNPs in chronobiology are
CLOCK 3111TC which has been associated with evenningness, and different personality traits; PERIOD2
(PER2 rs2304672) polymorphism which moderates
circadian-relevant reward circuitry; CRY1 (rs8192440)
related to psychological treatment effectiveness;
CRY2 associated with winter depression and SIRT1
rs10997875 a good candidate gene for the pathophysiology for mood disorders.
Other candidate SNPs connected to obesity could be
those associated to sleep disorders. Some examples are
serotonin receptors, prepro-orexin or IL-6 SNPs which
associate with obstructive sleep apnea syndrome.
Others are SNPs residing in ROR1 and PLCB1which
associated with insomnia.
Sleep disorders or short sleep duration, are both associated to several polymorphisms connected to obesity. In this regard, one of the best studied CLOCK SNPs
(3111TC) has been significantly associated to short
sleep duration, eveningness, several psychological
traits, weight loss40 and obesity41,42.
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Expression of clock genes in leukocytes and oral
mucosa
The neurons that constitute the SCN and the cells of
the peripheral oscillators show an autonomous rhythmicity that is controlled by the cyclic expression of the
clock genes (Clock, Bmal1, Per 1, Per 2, Per 3 y Cry 1
y Cry 2). The involvement of these genes in numerous
physiological processes (cell cycle regulation, adipogenesis, glucocorticoid synthesis, B cell maturation,
etc.) and their probable misalignment in certain pathologies increase the interest of being able to quantify
their expression. For this, polymerase chain reaction
(PCR) techniques are usually used43. The most straightforward is RT-PCR, which enables us to qualitatively
evaluate which genes are being expressed at the time
of sampling. To know which genes are being expressed and its quantification, a quantitative PCR (Q-PCR)
or a real time PCR is normally used.
Since it is not possible to evaluate clock gene expression in the SCN in vivo, samples obtained from
peripheral tissues are used. In this case, there are two
main options: evaluate gene expression in leukocytes
or in the oral mucosa. In the first case, blood samples
are periodically taken, the leukocytes are isolated from
the rest of the blood cells and one of the above techniques is applied. In the case of oral mucosa, the most
common practice has been to take small biopsies under local anaesthetic44, although, more recently, pipette
tips have been used to make scrape off a small amount
of the mucosa, which provides sufficient tissue to be
obtained45.
Clock gene expression in adipose tissue (peripheral
clock)
In the last years, one of the most influential discoveries relevant for this area of research is the
presence of an active circadian clock in adipose
tissue (Fig. 5). In particular, our group has recently
demonstrated that the circadian clockwork can oscillate accurately and independently of the SCN in
AT explants46. Moreover, we have provided an overall view of the internal temporal order of circadian
rhythms in human AT including genes implicated in
metabolic processes such as energy47. Thus, a specific temporal order in the daily patterns of these
genes appears to be crucial for adipose tissue to exclusively either accumulate fat or to mobilize fat at
the proper time, a phenomenon known as temporal
compartmentalization.
Protocols for measuring circadian rhythms
To evaluate the circadian system, techniques that
eliminate or minimise the influence of external factors (denominated masking factors) are used. For this
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Timing of maximum expression

Garaulet M et el. J Cell Physiol. 2010.

Fig. 5.—Presence of an active circadian clock in adipose tissue47.

reason, measurements are normally made in subjects
in conditions of constant routine, for example, lying
in bed, without sleeping, under constant dim light and
ingesting food at regular intervals over 24 hours48. This
situation of constant routine is usually maintained for
24, 36 or 48 hours, although this, in itself, may introduce its own masking factors. One such factor is that the
subject must go without sleep and fight against sleep
pressure. To avoid the accumulation of sleep pressure,
the multiple-nap protocol has been designed. This is a
constant routine protocol with multiple naps scheduled
over a 24-hour period or longer.
In an attempt to cut the link between environmental cycles and endogenous rhythms, alternative protocols (known as forced desynchronization) have been
developed in which the subject lives 28-hour (or, less
frequently, 20-hour) days48,49. Under these protocols,
sleep episodes occurred at all phases of the endogenous periods. Circadian and sleep components can be
distinguished very well in this way.
Analyses of circadian rhythm.
The analysis of rhythmic data requires its own methodology that differs from conventional statistical and
mathematical techniques. Two procedures are basically used for this purpose, one based on fitting sinusoidal functions (the cosinor method) and the other based
on a non-parametric analysis.
Cosinor analysis is a mathematical procedure based on least squares fitting of a cosine function to
the original data. Three main parameters are defined
from the cosinor fit: MESOR (Midline Estimating
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Statistic of Rhythm), amplitude and acrophase50.
Since it is applicable to unequidistant data, Mesor
does not always coincide with the data mean. The
amplitude is the difference between the Mesor and
the maximum or the minimum value of the cosinusoidal function. The acrofase is the temporal localisation of the maximum value of the function.
Given that the human rest-activity rhythm has a
asymmetric distribution over 24 hr (about 8 rest:16
activity) and a shape that looks more like a square wave than a pure cosinusoid, the cosinor method
only provides a rough and general description of
the rest-activity rhythm. However, it is a relatively
straightforward method that enables a great quantity
of quantitative information to be obtained.
To give a more precise estimation of the rhythmic
parameters of physiological functions that do no exhibit a symmetrical waveform, non-parametric procedures are increasingly used. Although these procedures were initially developed for actimetry data51, it
is also useful for analysing other biological variables.
The most frequent parameters are interdaily stability
(IS), intradaily variability (IV), least active 5 hr (L5),
most active 10 hr (M10), L5 and M10 onset or midtime, amplitude (AMP) and relative amplitude (RA).
IS quantifies the regularity of the rhythm, that is, the
degree of resemblance between the rhythmic patterns
on individual days. It ranges from 0 to 1, a typical
value for human actimetry data being about 0.6 for
healthy adults. IV determines the fragmentation of
the rhythm. It ranges from 0 to 2, typical values in
healthy subjects being below 1. L5 indicates the average values for the 5 least active consecutive hours
in the 24 hr cycle. M10 is the average of the activity
values for the ten most active consecutive hours in
the 24-hr cycle. The midpoint of L5 and M10 gives
reliable information about the phase of the rhythm,
similar to that given by the acrophase and nadir of
the cosinor method. AMP is the difference between
M10 and L5, whereas RA is calculated by dividing
AMP by the sum of L5 and M10. It ranges form 0 to
1, with higher values indicating higher amplitude of
the rhythm.
Chronodisruption scores and biomarkers
Given the importance of a normal circadian rhythm
in maintaining regular weight, it could be useful to define a biomarker of circadian deregulation that could
be implemented in clinical practice. This biomarker
could also be used as a tool for monitoring the effects
of introducing a change in lifestyle designed to reduce the risk of obesity52. For this purpose and to detect
the best biomarker to assess CD in obesity, our group
of research tested in a female population several biomarkers of the circadian system previously used in
different population types. In this regard, we used techniques that have been shown to be easily measura-

ble and non-invasive, such as (a) sleep diaries, which
examine the wake/sleep cycle and which have been
demonstrated to be a convenient tool to assess sleep
quality and duration53; (b) a feeding diary, an adequate tool to analyze the timing and duration of food intake54; (c) the Horne–Ostberg questionnaire, which is
recommended to define the morningness-eveningness
of the subject55,56; (d) salivary melatonin and cortisol
defined as good markers to assess CD57; and finally (e)
the measurement of the skin temperature rhythmicity,
particularly wrist temperature (WT)24.
Our results show that from the different biomarkers
studied in the present work, the measurement of skin
temperature rhythmicity, together with two questions
of the sleep diary (sleep onset and offset times), and
one morning salivary cortisol determination could be
enough to characterize the chronobiology of obesity.
After including the several factors studied in a factor analyses we were able to define a Cronodisruption
(CD) score. The results obtained showed that patients
could be divided into two populations attending to circadian misalignment. Indeed, the cut-off point to divide the population was found in a value of 40.3 points,
with a higher score indicating major risk of CD. The
correlation analysis showed that patients with major
CD scores had higher risk of obesity and MetS. Indeed, body fat percentage, plasma glucose values, and
blood pressure were positively correlated with the
final punctuation. With respect to triglycerides, total
cholesterol and LDL cholesterol correlated with higher
scores, while HDL cholesterol correlated with lower
scores.
Morning eveningness questionnaires
The
morningness–eveningness
questionnaire
(MEQ) is a self-assessment questionnaire developed
by Horne and Östberg in 197658. Its main purpose is
to measure whether a person’s peak alertness is in the
morning, in the evening or in between. The original
published study on the MEQ showed that subjective
peak alertness time correlates with a time of peak body
temperature; morning types have an earlier peak of
oral temperature than evening types, with the intermediate types having temperature peaks between the
two groups. The MEQ is widely used in many areas of
psychological and medical research.
More recently, new questionnaires have been also
developed, this is the case of the Munich Chronotype
Questionnaire (MCTQ)7. Questions about work day
and free day sleep schedules, work details, and lifestyle provide data to aid in the understanding of how
biological clocks work in social life, such as Roenneberg’s conclusions of social jetlag. The MCTQ categorizes each participant into one of seven chronotype groups, and utilizes data on participants’ midsleep
phase and sleep debt to survey what “type” of sleeper
each person is.
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