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Factors That May Affect the Cortisol Awakening Response (CAR)

Agel?3
o Research suggests young children exhibit a distinct yet smaller CAR than adults. Research also
shows the CAR amplitude decreases with aging in adults over 55.
Alcohol Consumption®
o Research suggests alcohol consumption may contribute to an attenuated CAR.
Anticipated Daily Stress, Activities, and Workload (Workday vs. Day Off)>67:89
o Higher anticipatory stress, workload, and daily activities are associated with a more robust CAR.
Chronotypet®1!
o Research suggests morning chronotypes might show higher cortisol awakening response levels
than evening chronotypes.
Early Life Stress (ELS)!>13.14.1516
o Research is still clarifying the association, but some research suggests higher ELS in early puberty
is associated with a blunted CAR. In comparison, higher ELS in later puberty is associated with a
heightened CAR. Other research indicates that healthy males who experience ELS in childhood, as
opposed to adolescence, cumulative ELS, and or physical abuse, are at risk of having an elevated
CAR. Additional research suggests no significant association between ELS and cortisol levels,
while others suggest the effects of ELS on the CAR could be mediated by genetic factors.
Exercise!’1®
o Research suggests the CAR is significantly lower after evening exercise. More research is needed
to fully elucidate the influence of exercise on the CAR and clarify gaps in the literature.
Exposure to Atrtificial Light at Night!®2°
o Research suggests that exposure to artificial light and reading on a smartphone without a blue light
filter (BLF) at night significantly decreases the CAR in the morning.
Exposure to Cell Phone/EMF:20:21
o Research suggests that nighttime reading on a smartphone without a blue light filter (BLF)
significantly decreases the CAR in the morning compared to reading on a smartphone with a BLF
and reading printed material. More research is needed to clarify the potential effects of EMF on
the CAR.
Exposure to Secondhand Smoke?
o Research suggests infants of mothers who smoked during pregnancy have a higher CAR
amplitude than infants of mothers who did not smoke during pregnancy. More research is needed.
Family Conflict®
o Research suggests adults with high family conflict have lower morning cortisol levels at 30, 60,
and 90 min after awakening than those with low family conflict. Thus, family conflict could
contribute to an attenuated CAR, though more research is needed.
Gut Microbiome?42526
o Research shows the relative abundance of some bacterial genera may correlate positively with the
amplitude of the CAR. A multivariate analysis of the results of one clinical trial suggests six
weeks of supplementation with Bifidobacterium longum led to a reduction in perceived stress,
anxiety, depression, and CAR amplitudes in healthy adults with mild-to-moderate stress. A
different clinical trial determined that eight weeks of supplementation with a combination of
Bifidobacterium longum strains 1714® and 35642® attenuated stress responses and restored
blunted CARs in those with IBS. More research is needed.
Meal Times?’
o Research suggests eating the mid-day meal late in the afternoon contributes to a blunted daily
cortisol profile with lower morning and afternoon cortisol levels than eating this meal at midday.
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Medications, including Corticosteroids, Opiates, Retinoids, and Aspirin2:22303132.33

o The use of corticosteroids, aspirin, opiates, and retinoids, such as bexarotene, alitretinoin, and

isotretinoin, can contribute to adrenal insufficiency and, therefore, a blunted CAR.
Menstrual Cycle®%

o Research suggests the CAR could be more robust when estradiol levels are higher during
ovulation and the luteal phase, though the results of some studies conflict with these findings.
More research is needed.

Napping®®
o Research suggests longer prior-day naps are associated with a higher CAR.
Pain Threshold®

o Research suggests pressure pain threshold (PPT) positively correlates with the CAR. Those with a

relatively blunted CAR have a significantly lower PPT than those with a relatively normal CAR.
Perceived Lack of Control”

o One clinical study suggests self-reported moderate or low control is reported more often on work
days than weekend days. Therefore, lower perceived control could be associated with a more
robust CAR. More research is needed.

Perceived Readiness®®

o Research suggests lower perceived readiness is associated with a reduced CAR and worse

cognitive performance.
Perceived Stress Management Skills®®

o Research reveals that greater Perceived Stress Management Skills (PSMS) are associated with a

greater CAR amplitude.
Postpartum Status*

o Research reveals a unique hormonal landscape during the postpartum period including a blunted

CAR in healthy women early postpartum when compared to non-perinatal healthy women.
Pubertal Status?®

o Research suggests a significant interaction between pubertal status and the cortisol awakening
response in adolescents with healthy family dynamics. Those at late/post-pubertal status had
higher CAR levels than those at pre/early-pubertal status. The significant interaction could also be
due to age. More research is needed.

Reported Level of Happiness*!

o Research suggests high happiness is associated with a flexible CAR (i.e., lower CAR during
weekends compared to workdays), whereas low happiness is associated with a more rigid CAR.
The impact of happiness on the CAR magnitude is less clear. More research is needed.

Resilience®
o Research shows higher self-reported resilience is associated with a larger CAR magnitude.
Sex (Bio'ogica|)37,43,44,45,46,47

o Some studies report sex differences in the CAR. Research shows females display a greater
increase in cortisol levels between awakening and 30 minutes post-awakening than males during
work days. Other studies have failed to observe any differences in the CAR between healthy males
and females, but differences have been detected in unhealthy populations. Research suggests
elevated cortisol awakening responses are present in female, but not male, patients with borderline
personality disorder compared to healthy volunteers. Research also shows men with knee
osteoarthritis have a significantly higher CAR than women with the same condition. In individuals
with metabolic syndrome, women produce a greater relative CAR than men. Women with chronic
fatigue syndrome (CFS) exhibit a significantly attenuated morning cortisol profile compared with
healthy women. However, cortisol profiles are similar in healthy males and males with CFS. One
clinical study that included adolescents with recurrent pain suggests sex is a significant predictor
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of cortisol levels, with girls exhibiting a more robust CAR than boys. Research also suggests a
blunted CAR is associated with obsessing symptoms in women with obsessive-compulsive
disorder, but not men.

e  Sleep Duration!#849:50

o Two clinical studies suggest sleep duration significantly affects the CAR in young children. One
study provided strong evidence that shortening sleep duration in a young child by about two hours
significantly reduces overall cortisol secretion during the 45-minute post-awakening period.
Another clinical study that included adult men assessed the CAR after napping and determined the
magnitude of the CAR after a nap and nighttime sleep is dependent upon sleep duration.
Specifically, morning and afternoon 90-minute naps consistently resulted in a CAR, while shorter
50-minute naps did not produce a CAR. Other studies found no association between sleep duration
and the CAR, but these studies included self-reported sleep duration, whereas studies that show an
association used polysomnography-verified sleep duration. More research is needed.

e  Sleep Architecture*

o Research suggests more time spent sleeping in Stage 2 overnight is associated with a larger CAR
amplitude in the morning. The more time spent sleeping in Stage 1 overnight, the higher the
cortisol level upon waking. More Stage 1 sleep during a 90-minute morning (but not afternoon)
nap is associated with a greater CAR amplitude.

e Socioeconomic Status”?25!

o Overall, the evidence for an association between the amplitude of the CAR and socioeconomic
status (SES) has been inconsistent. Some studies suggest that lower SES is associated with higher
and lower total cortisol output. Null associations have also been reported. One clinical study of an
adult population suggests lower SES is associated with a larger cortisol awakening response.
Research suggests infants of low-income families have higher cortisol levels during the day and a
higher CAR amplitude than infants of high-income families. A clinical study of adolescents
discovered a curvilinear relationship between childhood income and the CAR. The results suggest
that low childhood income is associated with the lowest and highest CAR amplitudes, potentially
contributing to the inconsistent evidence. More research is needed.

e Timing of Adoption®

o Research suggests that late-adopted children have a blunted CAR relative to non-adopted and

earlier-adopted children.
e Timing of Saliva Collection®35455

o Research suggests that delays in saliva collection can contribute to incorrect CAR calculations.
The latest research emphasizes the importance of collecting within a few minutes of awakening.
Collection delays of 7-15 minutes can underestimate the CAR. The evidence emphasizes the need
for sampling accuracy when measuring the CAR for clinical and research purposes.

e Work Schedulg®6.57:58:59

o Research suggests that night-shift nurses have blunted CARs and significantly lower cortisol
levels 30 minutes after waking than day-shift and evening-shift nurses. A scoping review
published in 2022 determined that shiftwork, especially the night shift, significantly disrupts the
production of cortisol and the CAR. Researchers also discovered irregular shift schedules produce
greater disruptions to cortisol production than regular shift schedules. While it is difficult to
conclude the extent to which short-term vs. long-term shiftwork impacts the cortisol rhythm, the
latest research confirms cortisol levels, the cortisol rhythm, and the CAR are disrupted by
shiftwork. More research is needed.
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