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During winter the body resists insulin
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Metabolic syndrome has a seasonal pat-
tern, with a higher frequency during

winter.1 It is known that the presence of
metabolic syndrome can be predicted by
routine fluctuations in appetite and weight,
which both tend to increase during winter,
and to which the relative shortage of light
may contribute.2 Now, in this issue of
Hypertension Research, Kamezaki et al.3

demonstrate that the prevalence of metabolic
syndrome increases by 4.2% during winter
compared with during summer. They further
report that this increase is mainly owing to
the elevated blood pressure and blood glucose
levels that are more prevalent among a
population during winter. This work is a
logical continuation of their earlier findings
in which they described a seasonal variation in
the prevalence of metabolic syndrome.
One is left with the question of why blood

pressure and fasting blood glucose levels tend
to increase during winter? A key here might
be visceral fat accumulation, as it is known to
have a central role in the development of
metabolic syndrome. A recent study has
demonstrated that the transcription of genes
related to circadian rhythm, inflammation
and oxidative stress is associated with visceral
fat accumulation.4 Among these genes are the
circadian clock genes PER1, CLOCK and
CRY2, whose expression in blood cells
correlates with the estimated visceral fat
area. Earlier studies have elucidated the
relationships between the clock gene
variants and metabolic syndrome. Variants
of the core circadian clock gene ARNTL bear
susceptibility to type 2 diabetes and
hypertension.5 CRY2 variants and CRY1
variants have associations with type 2

diabetes.6 Of the risk factors for metabolic
syndrome, hypertension and high-fasting
blood glucose levels are associated with
variants of NPAS2 (similar to CLOCK) and
with those of PER2, respectively.7

Proteins encoded from CRY2 and CRY1
are of particular interest, as these proteins are
the actual repressors of the key activators
(CLOCK, NPAS2, ARNTL, ARNTL2) of the
circadian clock and their dimerization-
induced transcriptional complexes.8,9 Here,
if the repressive feedback loops of both CRY1
and CRY2 are intact, the nuclear ratio of
CRY1 to CRY2 controls the period of the
circadian clock, where more CRY1 causes
longer periods and more CRY2 causes
shorter periods.10 Deficiencies in CRY2 and
CRY1 have been suggested in one study to
cause elevations in circulating glucocorticoid
levels and to impair glucose tolerance,11 and
have been suggested in another study to
cause elevated secretion of pro-inflam-
matory cytokines and to increase susceptibility
to chronic inflammation.12 Such physiolo-
gical responses are likely to contribute to
visceral fat accumulation.
A key to the seasonal variation in the

prevalence of metabolic syndrome might lie
in understanding the strength of the interac-
tion of CRY2 with PER2,13 and in the
identification of small molecule activators
of CRY2.10 In day-active animals, the
morning-active cells set the timing of the
circadian cellular network and adjust
behavior during winter, whereas the evening-
active cells dominate during summer.14

Further, it is the interactions of CRY2 and
CRY1 (for which expression peaks early in
the night) with PER2 and PER1 (for which
expression peaks during the day) that
produces the control of a summer or winter
physiology.15 As regards metabolic syndrome,
not only known mechanisms of visceral fat
accumulation but also the activity of brown

adipose tissue are of interest in terms of
adaptation to habitat and seasonal variation
in weight.16 Beyond visceral white adipocytes,
brown adipose tissue and the roles of CRY2
and CRY1 in brown adipocytes should not be
ignored, but they remain to be tested.17

From the clinical point of view, there is
now more evidence to show that paying
attention to the season when a health
check-up takes place is relevant. Here, the
assessment of seasonal variations in appetite
and weight may be particularly helpful in
screening those at risk of metabolic
syndrome.
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