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The proper functioning of the physiological processes in 
living beings is regulated by numerous naturally occurring 
daily rhythms that have evolved to anticipate and prepare for 
environmental changes due to the solar day and year, allow-
ing organisms to predict when environmental challenges are 
most likely to occur [1].

The recurrence of biological processes cycling at differ-
ent frequency ranges enables healthy organisms to maintain 
homeostasis, that is the body’s ability to regulate stability 
in its inner environment in response to changing conditions 
in the outside environment. Rhythmic processes hallmarked 
by the same frequency may have the same phase or differ-
ent phases, and usually show well-defined time-relation-
ships to each other: functional disturbances and alteration 
of anatomic integrity may be caused by loss of this multi-
frequency time structure leading to internal desynchroniza-
tion [2].

Previous results show a transient change in timing and 
incidence of acute myocardial infarction after daylight 
saving time (increase in the spring and a decrease after 

returning to standard time in the fall) [3–5] In their study, 
Mafredini et al. [6] advocate an association between daylight 
saving time and a small increase of acute myocardial infarc-
tion occurrence, in particular after the spring shift and in 
male subjects, probably in relationship to sleep deprivation 
and circadian misalignment impacting cardiovascular health 
through increases in sympathetic tone and catecholamine 
levels.

Tissue functions and cellular processes in living beings 
show 24-h rhythms regulated by the biological clocks, pre-
sent in every tissue and cell, and ticking through a molecular 
clockwork operated by a transcriptional/translational feed-
back loop hard-wired by core circadian genes and proteins 
(ARNTL-1/2, CLOCK/NPAS2, CRY1-2, PER1-3, NR1D1-2, 
RORA) driving the circadian oscillation of thousands of 
clock-controlled genes [2]. Circadian rhythmicity of the 
body is driven by environmental lighting conditions via a 
neural pathway including the retina and a specific retino-
hypothalamic tract projecting to the biological clocks of 
the suprachiasmatic nuclei, which in turn drive adrenal and 
pineal gland secretion of cortisol in the early morning and 
melatonin at nighttime, respectively [2]. The pineal gland 
modulates hypothalamus–pituitary–adrenal axis function, 
melatonin modulates the transcriptional activity of glu-
cocorticoid receptors, and in turn adrenal corticosteroids 
modulate pineal melatonin synthesis [7]. Additionally, cir-
cadian fluctuations are the hallmark of other patterns of noc-
turnal neuro-endocrine hormone secretion, in particular of 
thyroid-stimulating hormone, as well as the total number of 
lymphocytes and percentages of different lymphocyte sub-
populations in the peripheral blood [8].

We retrospectively took advantage of data collected for 
monitoring neuroendocrine hormones and the immune sys-
tem of 11 healthy male subjects (ages 35–53 years) over 
a 24-h interval before and after daylight savings time. Six 
of the participants were sampled the first week of October 
(during daylight savings) and five were sampled the first 
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week of November, directly after daylight savings. Our data 
display diurnal variation in lymphocyte abundance and hor-
mone levels. All individuals were entrained to 07:00 (local 
time) lights-on and waking, and a 23:00 lights-off and sleep 

opportunity, for 1 week. Participants were then sampled for 
24 h (in dim light during the night).

To combine data across participants, we standardize the 
data in two ways. First, we correct for the 1-h time change 
by representing the data in GMT as opposed to local time. 

Fig. 1   x–y Plots showing 24-h time-qualified profiles of 4  h serum 
levels for cortisol, melatonin, thyroid stimulating hormone, and 
lymphocyte subpopulations from 11 healthy men (mean age 43 ± 5 

years). Values of y expressed as normalized percent of mean ± SE. 
Original levels assigned to sampling time
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Second, the data, Yt, i, j, from each individual (i) are stand-
ardized for each lymphocyte or hormone (j), at time (t), by 
dividing by the mean for that individual. Breakpoint regres-
sion is used to test for statistically significant diurnal vari-
ation. We observed significant variation in CD16+ (natu-
ral killer cells) and CD4+ (helper-inducer T lymphocytes) 
abundance, along with the concentration of melatonin, 
cortisol and thyroid stimulating hormone (Fig. 1). Varia-
tion is also observed in other parameters measured, such as 
CD8+dim (cytotoxic T lymphocytes) abundance, but the 
results are sensitive to edge-effects; thus, data from two or 
more consecutive days should be used to characterize cir-
cadian rhythms.

As for daylight savings, the effect of changing the clocks 
back in fall is twofold in our study population. First, by set-
ting the clock back at the end of October, it perturbs the 
natural autumnal progression of the delay of sunrise, relative 
to wake-up at 07:00. Without daylight savings, as autumn 
progresses, the sun should come up later after waking. Set-
ting the clock back, however, results in sunrise-after-waking 
in October and sunrise-prior-to-waking in November. Sec-
ond, setting the clock back extends the time span between 
sunset and bedtime at 23:00. As autumn progresses, sunset 
will occur earlier as the photoperiod shortens; however, set-
ting the clock back exacerbates this phenomenon, and has 
the potential to increase light-at-night exposure.

Overall, the practice of setting the clocks back in the fall, 
to make better use of natural daylight, might impact cir-
cadian rhythmicity in the neuro-endocrine-immune system, 
possibly also the body’s physiology, and could interact with 
pathophysiological mechanisms involved in cardiovascular 
acute events. As well, the distorted functioning of the bio-
logical clock is importantly engaged in the pathogenesis of 
non-alcoholic fatty liver disease, which is associated with 
augmented cardiovascular risk [9, 10].

Both fall and spring daylight savings shifts have the 
potential to cause chronodisruption by way of subtle changes 
of the complex system sustaining internal timing coordina-
tion, and may be involved in the seasonality of timing and 
incidence of cardiovascular disease-related acute events.
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