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ARTICLE INFO ABSTRACT

Keywords: Aims: Sleep timing, influenced by chronotype, behavior, and circadian rhythms, is critical for human health.
Timing of behavior While previous research has linked chronotype to various health outcomes, the impact of aligning sleep timing
Chronotype

with chronotype on physical health remains underexplored. The objective of this study is to investigate the
association between chronotype, actual sleep timing, and their alignment with a spectrum of physical health
outcomes.

Methods: Objective sleep timing (actigraphy, categorized as early, intermediate, or late) and chronotype (self-
reported, categorized as morning, intermediate, or evening types) were derived from the UK Biobank (n=73,888
middle-aged and older adults) and used in cross-sectional and longitudinal analyses. Physical health outcomes
included metabolic disorders, diabetes, obesity, hypertension, circulatory disorders, digestive disorders, respi-
ratory disorders, and all-cause cancer based on ICD10 codes. Analyses were adjusted for demographic factors,
sleep duration and sleep timing stability.

Results: As compared to morning types with early behavior (aligned), morning types with late behavior (mis-
aligned) had an increased risk of all included physical health disorders (p’s<0.001). As compared to evening-
types with late behavior (aligned), however, evening-types with early behavior (misaligned) had a decreased
risk of diabetes, obesity, hypertension, circulatory disorders, and respiratory disorders (p < 0.01). Longitudinal
analyses, in which the likelihood of developing de novo physical health disorders was associated with chronotype,
behavioral timing, and alignment between the two, confirmed cross-sectional findings.

Conclusion: Late sleep timing across chronotypes was consistently associated with adverse physical health out-
comes. These findings underscore the importance of going to sleep early, regardless of preference.

Physical health

1. Introduction

Human health is influenced by a myriad of factors, including ge-
netics, environment, and behavior. One behavior that has received sig-
nificant recent attention is the impact of sleep on human health. While
numerous studies have established a strong relationship between sleep
duration or quality and metabolic health outcomes [1-3], the relation-
ship between the timing, rather than the amount, of sleep and health is
less well understood.

The timing of our sleep is directly influenced by an intricate interplay
between homeostatic sleep pressure and the human circadian clock,
located in the hypothalamic suprachiasmatic nucleus (SCN) [4,5]. The
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SCN acts as the central regulator of circadian rhythms, orchestrating
various physiological processes over a 24-hour cycle. Due to this influ-
ence on multiple physiological systems, SCN-generated circadian
rhythms play a significant role in determining physical health. Chronic
disruptions to these rhythms, such as those occurring during shift work
or social jet lag, have been associated with an elevated risk of obesity,
metabolic diseases, and cardiovascular conditions [6-11].

A more insidious form of chronic circadian disruption occurs when
people sleep at times that don’t align with their biological preference.
While humans are inherently diurnal (i.e., active during daylight hours),
the specific timing of nocturnal sleep can vary significantly among in-
dividuals due to intrinsic biological preferences and lifestyle behaviors,
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which is referred to as ‘chronotype’ and is driven by the circadian clock
[12-14]. Individuals with an owl’ chronotype prefer to go to bed and
wake up later, while those with a ’lark’ chronotype prefer earlier bed-
times and wake times [12]. Chronotype itself is linked to susceptibility
to various physical disorders, with a morning preference generally
associated with better health outcomes, including lower risks of car-
diovascular disease and better metabolic health profiles [15-19].

Life circumstances, such as work schedules, social obligations, and
environmental factors, can interfere with preferred sleep times, causing
individuals to sleep and wake at times that do not align with their nat-
ural chronotype. Few studies, however, have assessed the effects of the
alignment between chronotype and sleep timing on physical health. The
goal of this study is to examine the impact of chronotype, actual sleep
timing, and the alignment between the two on a variety of physical
health outcomes. Building on our earlier research [20], in which we
demonstrated that later sleep timing in both owls and larks, rather than
misalignment between chronotype and behavior, negatively affects
mental health, our a priori hypothesis in this study was that later sleep
timing negatively impacts physical health.

2. Methods

We compared self-reported chronotype with actual timing of sleep in
a large, community-based sample of middle-aged and older adults (UK
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Biobank). The impact of alignment between chronotype and sleep
timing was then compared with physical health outcomes in both a
cross-sectional and longitudinal manner. For a complete description of
data collection, see [21]. For a complete description of accelerometry
data analysis, see [20,22,23]. This study adhered to the general ethical
approval granted for UK Biobank studies by the NHS National Research
Ethics Service on June 17, 2011 (Ref 11/NW/0382), and only deiden-
tified data were utilized. There were no attempts to re-identify partici-
pants, and data security was maintained per the material transfer
agreement .

Actual sleep timing was determined through an analysis of actig-
raphy data (AX3, Axivity, Newcastle upon Tyne, United Kingdom; n =
82,834) collected over one week [20], Fig. 1). An actigraph is a
wrist-worn triaxial accelerometer, data from which can be used to
impute activity timing. If present, non-wear time was automatically
imputed using the median of similar time-of-day vector magnitude and
intensity distribution data points with one-minute granularity on
different days of the measurement [23]. The timing of the inactive
period was determined based on the five consecutive hours during
which the lowest activity levels were recorded. The start time of this
particular period was assigned the designation of "L5" (package "npar-
ACT") [24]. Resultant L5 data were categorized in quartiles: Early (Q1),
Intermediate (Q2 [3], Late (Q4) (Fig. 1). Time was coded as 24:00 =
0 with each hour being a whole number (i.e., an L5 of 02:00 would be
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Fig. 1. Prevalence of health disorders per chronotype (left: Morning, Intermediate, Evening), behavioral timing (middle: Early, Intermediate, Late), and
difference between chronotype and behavior (right: Aligned, Offset, Late activity with morning preference, or Early activity with evening preference).
White squares indicate the comparison condition (intermediate chronotype, intermediate timing, or aligned chronotype and timing). Grey squares indicate no
difference in prevalence from comparison conditions. Significantly (x> tests) higher disorder prevalence is presented in red with color intensity reflecting the
magnitude of change. Patterned squares indicate p-values that do not survive correction for multiple testing (p<0.006).
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coded as 2, and an L5 of 22:00 would be coded as -2).

Chronotype was determined from a single question (n=502,413,
Data-Field 1180) [19,25-28]. Individuals categorizing themselves as
"Definitely a 'morning’ person" were labeled "Morning." Individuals who
reported themselves to be "More a 'morning’ than an ’evening’ person"
or "More an ’evening’ than a ’morning’ person" were categorized as
"Intermediate.” Individuals categorizing themselves as "Definitely an
’evening’ person" were labeled as "Evening". Individuals responding as
"Do not know" or "Prefer not to answer" were excluded.

Individuals were categorized as "Aligned" when L5 and chronotype
quartiles matched (e.g., a morning-type with early timing of behavior).
If L5 and chronotype differed by one quartile, the individual was cate-
gorized as "Offset" (e.g., a morning-type with intermediate timing of
behavior, an intermediate-type with early or late behavior, or an
evening-type with intermediate timing of behavior). When the
misalignment was extreme (i.e., chronotype and timing of behavior
were opposite), individuals were labeled as either "Early Activity with
Evening Preference" or "Late Activity with Morning Preference."

To determine the prevalence of physical disorders, the International
Classification of Diseases, Tenth Revision, Clinical Modification (ICD10)
codes were used. Two sets of general analyses were conducted: cross-
sectional and longitudinal. For the cross-sectional analyses, an individ-
ual was classified as a case if they had the disorder at any point from the
time of accelerometry data collection until the end of the follow-up
period, 8 years later. The rates of different disorders were then
compared with chronotype, activity timing, and alignment as indepen-
dent factors. All statistical analyses were performed using RStudio
(version 2021.09.0) with R version 4.1.2. To determine if the observed
frequency of disorder diagnoses aligned with expected prevalence or
varied by chronotype, behavior timing, or their offset, we utilized y?
tests (package "stats", version 3.6.2). Generalized linear models for odds
ratios (packages "oddsratio" and "mfx") were used to evaluate the like-
lihood of having a disorder based on chronobiological preference,
timing of behavior, or their offset. To assess chronotype-related differ-
ences, we compared the disorder frequency and probability for morning
and evening chronotypes against intermediate chronotypes. For
behavior timing, intermediate timing served as the reference condition.
We used the aligned category as the control to study the effects of
misalignment between chronotype and behavior timing.

For longitudinal analyses, the difference in disease-free intervals due
to chronobiological preference, the timing of behavior, or the offset
between the two was assessed using survival analyses (Cox proportional
hazards analysis, package "survival"). Participants diagnosed with the
disorder before actigraphy collection or who died before the end of the
follow-up period (of 8 years) were excluded from the analysis. The
aligned condition served as the control for all odds ratio tests and sur-
vival analyses (relevel function, package "stats" version 3.6.2). Adjust-
ments for odds ratios and survival analyses included demographic
factors such as gender (male/female), age, Body Mass Index (except for
obesity outcomes), and the Townsend Deprivation Index, which mea-
sures material deprivation. As evening chronotypes are often linked to
shorter sleep duration and more irregular rest-activity patterns [29],
additional adjustments were made for self-reported sleep duration and
stability [24]. Due to the insufficient number of cases of individuals
diagnosed with de novo all-cause cancer after actigraphy collection, this
condition was excluded from the survival analysis.

Statistical significance was corrected for multiple tests using a Bon-
ferroni correction; a p-value <0.006 (considering 8 included physical
health disorders) was considered significant. Heatmap tables and sur-
vival plots were generated using ggplot (package "ggplot2’ and
"ggsurvfit") [30]. OriginPro 2021b (version: 9.8.5.212, Origin Lab,
Northampton MA) was used for all other graphing. Demographic vari-
ables are presented as median [first quartile, third quartile].
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3. Results

Chronotype and behavioral timing. Of the final sample
(n=73,888), 25.8% (n=19,065) were morning-types, 64.9%
(n=47,979) were intermediate-types, and 9.26% (n=6844) were
evening-types (Fig. 1). The median start time of the inactive period (L5)
was 00:53 [00:07, 1:39]. This too was parsed into three categories based
on quartiles: early (1st quartile, 25.1% (n=18,515), 23:36 [23:13,
00:12], intermediate (2nd and 3rd quartiles, 50.0% (n=36,966), 00:52
[00:30, 1:13] and late (4th quartile, 24.9% (n=18,407), 02:08 [1:51,
2:34]. Of the sample, approximately half (47.5%, n=35,062) had
alignment between chronotype and timing of behavior (Fig. 1). Of those
with an offset, 3.53% (n=2612) were morning-type with late behavior,
and 0.78% (n=577) were evening-type with early timing of behavior
(Fig. 1). Median self-reported sleep duration was 7 hours for all com-
binations of chronotype, timing of behavior, and alignment. The prev-
alence of the different physical health problems at baseline are
presented in Table 1.

Frequency of disorders by chronotype, timing of behavior, and
alignment (Fig. 1, Table S1). In this sample of middle-aged, commu-
nity-dwelling adults, relative to having an intermediate chronotype,
more evening types were diagnosed with metabolic disorder, diabetes,
and obesity, with a trend for digestive and respiratory disorders (Fig. 1,
left). More morning types were diagnosed with hypertension and cir-
culatory disorders (Fig. 1, left).

Compared to an intermediate timing of behavior (00:52 [00:30,
01:13], having a later (02:08 [01:51, 02:34] timing of behavior was
associated with an increased frequency of all physical health disorders
that we included (Fig. 1, middle). Compared to an intermediate timing
of behavior, having an early (23:36 [23:13, 00:12] timing of behavior
was associated with no difference in frequency for any of the physical
health disorders we included (Fig. 1, middle).

A misaligned morning chronotype with a later timing of behavior
was associated with an increased prevalence of all included disorders
except cancer while a misaligned evening chronotype with an early
timing of behavior was associated with no changes in prevalence (Fig. 1,
right).

Likelihood of disorder by chronotype and timing of behavior
(Fig. 2, Table S2). As compared to intermediate chronotypes, morning
chronotypes had an increased likelihood of metabolic disorder, diabetes,
hypertension, circulatory disorder, and respiratory disorder. A morning
chronotype was also associated with an increased likelihood of obesity
and all-cause cancer, but these statistics did not survive multiple cor-
rections. No association was found with digestive disorder. Evening
chronotype was associated with an increased likelihood of diabetes and
obesity. An evening preference did not influence the likelihood of hav-
ing metabolic disorder, hypertension, or circulatory disorder, but there
were trends for increased digestive and respiratory disorder diagnosis
and decreased all-cause cancer diagnosis.

Compared to an intermediate timing of behavior (00:52 [00:30,
1:13] h), displaying an early (23:36 [23:13, 00:12] h) timing of behavior
was associated with an increased likelihood of having hypertension or
circulatory disorder, but not any other physical health condition

Table 1
Categorization of ICD-10 Codes to determine disorder prevalence and baseline
prevalence in this population.

Diagnoses ICD10 codes Prevalence

Metabolic Disorder E70-E88 12.2% n=9013
Diabetes E10, E11, E13 [31] 6.01% n=4438
Obesity E66 [32] 5.11% n=3777
Hypertension 110-115 [33] 24.8% n=18,290
Circulatory Disorder 100-199 [19] 26.1% n=19,315
Digestive Disorder K20-K93 [34] 5.62% n=4149
Respiratory Disorder J09-J98, 126-127 [35] 5.22% n=3856
All-cause cancer C00-C99, D37-39, D40-48 [35] 4.67% n=3448
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Fig. 2. Odds ratio (adjusted for age, gender, body mass index, self-reported sleep duration, and Townsend deprivation index) presented per chronotype
[Morning (A), Evening (B)], behavioral timing [Early (C), Late (D)]. An odds-ratio of 1 (dotted line) indicates no difference in likelihood from control condition
(intermediate chronotype for A and B, intermediate timing for C and D). Circles to the left of the dotted line indicate decreased likelihood, circles to the right of the
dotted line indicate increased likelihood. Black circles represent a significant difference from the control condition (p < 0.06), grey circles represent a significant
difference that did not survive multiple corrections (0.05 > p > 0.006), and white circles represent a non-significant difference (p > 0.05). Odds ratio + confidence

intervals are presented.

included. Compared to intermediate timing, late timing of behavior
(02:08 [1:51, 2:34] h) was associated with an increased likelihood of all
physical conditions explored.

Likelihood of disorder by alignment (Fig. 3, Table S3). Compared
to those with a morning preference and early timing of behavior
(aligned), individuals with morning preference but intermediate timing
of behavior (Fig. 3A) had a lower likelihood of having hypertension or
circulatory disorder, with a trend for respiratory disorders. It was not
associated with a changed likelihood of being diagnosed with metabolic
disorder, diabetes, obesity, digestive disorder, or all-cause cancer. When
individuals with a morning preference displayed a late timing of
behavior (Fig. 3B), there was a significant increase in the likelihood of
having each physical health disorder we examined.

Compared to individuals with an evening preference and late timing

of behavior (aligned), having an evening chronotype with an interme-
diate timing of behavior (Fig. 3C) was associated with a decreased
likelihood of having diabetes, hypertension, circulatory disorder, and
all-cause cancer, while there was a trend for obesity. There was no
change in the likelihood of being diagnosed with metabolic, digestive, or
respiratory disorders. Relative to individuals with an evening preference
and late timing of behavior (aligned), individuals with an evening
preference and an early timing of behavior (Fig. 3D) were associated
with a decreased likelihood of having diabetes, obesity, hypertension,
circulatory disorder, and respiratory disorder, with a trend for metabolic
disorder, digestive disorder and all-cause cancer.

Survival analysis (Fig. 4, Table S4). Compared to intermediate
chronotypes, evening chronotypes were more likely to develop de novo
diabetes and obesity; morning chronotypes had a trend to have a
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Fig. 3. Odds ratio (adjusted for age, gender, body mass index, self-reported sleep duration, and Townsend deprivation index) presented per difference
between chronotype and behavioral timing [Morning preference with intermediate (A) or late timing of behavior (B), or Evening preference with in-
termediate (C) or early timing of behavior (D)]. An odds-ratio of 1 (dotted line) indicates no difference in likelihood from control condition (match between
morning chronotype with early timing of behavior for A and B or evening preference with late timing of behavior for C and D. Circles to the left of the dotted line
indicate decreased likelihood, circles to the right of the dotted line indicate increased likelihood. Black circles represent a significant difference from the control
condition (p < 0.006), grey circles represent a significant difference that did not survive multiple corrections (0.05 > p > 0.006), and white circles represent a non-
significant difference (p > 0.05). Odds ratio + confidence intervals are presented.

reduced likelihood of developing diabetes. Despite following a similar
pattern, chronotype had no effects on the likelihood of developing
metabolic disorder, hypertension, circulatory disorder, digestive disor-
der, or respiratory disorder.

Relative to those with an intermediate timing of behavior (00:52
[00:30, 01:13], individuals with a later timing of behavior (02:08
[01:51, 02:34] were more likely to develop diabetes, obesity, hyper-
tension, and circulatory disorder, with a trend for respiratory disorder.
Although following a similar pattern, there were no significant effects of
later timing of behavior on the likelihood of developing de novo meta-
bolic disorder or digestive disorder. Having an earlier timing of behavior
(23:36 [23:13, 00:12] relative to an intermediate timing was not asso-
ciated with a changed likelihood of developing any of the included
physical health disorders.

Relative to individuals with a morning preference and early timing of
behavior (aligned), those with a morning preference and late timing of
behavior were more likely to develop hypertension and circulatory
disorders. While following a similar pattern, there were no significant
changes in the likelihood of developing de novo metabolic disorder,
diabetes, obesity, digestive disorder, or respiratory disorder.

Compared to individuals with an evening preference and a late
timing of behavior (aligned), those with an evening preference and an
earlier timing of behavior trended towards a decreased likelihood of

70

developing de novo metabolic disorder, diabetes, circulatory disorder,
and respiratory disorder. While following a similar pattern, having a
morning preference with an early timing of behavior was not associated
with significant differences in the likelihood of developing obesity, hy-
pertension, or digestive disorder.

4. Discussion

The primary objective of this study was to determine the impact of
chronotype, actual sleep timing, and their alignment on a spectrum of
physical health outcomes in a sample of community-dwelling, middle-
and older-aged adults (n=73,888). Our findings reveal distinct disease
risk patterns for morning and evening-types, such that maintaining
alignment with their inherent chronotype proves advantageous for
morning-types. When morning-types deviate from their natural rhythm
and adopt a late-timing of behavior, the prevalence and likelihood of
developing various physical health disorders increase. In contrast, for
evening types, alignment of their chronotype with the actual timing of
activity has adverse effects. When evening types experience misalign-
ment, following either an intermediate or early schedule, there is a
notable decrease in both the prevalence and likelihood of developing
many of the physical health disorders under examination. Our analysis
underscores the significance of the timing of behavior, particularly
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Fig. 4. Survival analysis (adjusted for age, gender, body mass index, interdaily stability, self-reported sleep duration, and Townsend deprivation index)
presented per category (chronotype, timing of behavior, Morning preference with early or late timing of behavior, Evening preference with early or late
timing of behavior). Morning (green) and evening (aqua) chronotype, early (yellow) and late (purple) behavior timing are depicted in the two left columns. The
right two columns depict early (blue) and late (red) behavior timing parsed by chronotype. Survival curves are presented for various physical health disorders,
including metabolic disorder (A-D), diabetes (E-H), obesity (I-L), hypertension (M-P), circulatory disorder (Q-T), digestive disorder (U-X), and respiratory disorder (Y-
AB). *statistical significance (corrected for multiple corrections, p < 0.006); ¥ 0.05 < p < 0.06, does not survive correction for multiple comparisons. Intermediate
chronotypes and behavior timing were not included in the survival plots to ensure visual clarity, but in all cases, the curves were between the lower and

higher quartiles.

going to sleep after 1 AM (i.e., later than the intermediate group), in
relation to physical health. This observation holds true across chro-
notypes, emphasizing that late timing of behavior is consistently asso-
ciated with and predictive of poorer physical health outcomes. This
finding aligns with our earlier results from the same population, in
which we showed an association between late timing of behavior and
mental health outcomes [20].

Having a morning preference while exhibiting a late timing of
behavior increased the likelihood of having almost all included physical
health disorders. A few other studies have also indicated that such
misalignment was associated with worse physical health outcomes [13,
14]. Circadian misalignment is an important biological component of
physiological well-being, defined as a difference in the timing of the
endogenous circadian pacemaker and the exhibited sleep-wake pattern
[36]. Individuals with a morning preference but late actual timing of
activity are typically awake while their circadian clock is signaling for
sleep [37]. This situation is associated with disruptive behaviors
[38-40], including less nutritious food choices (i.e., skewed toward
carbohydrates) [41] and food intake beyond caloric demands (possibly
facilitated by changes in neuroendocrine physiology and hormones)
[42], with the potential for adverse health consequences such as obesity,
diabetes, impaired glucose tolerance, and reduced insulin sensitivity [7,
9,43], as well as cardiovascular problems [9]. This is common in those
engaged in night shift work.

Having an evening preference but an early timing of behavior is
unexpectedly protective for most physical health disorders. Individuals
with this pattern go to sleep when the circadian alertness signal is
elevated and awaken before their circadian sleep signal has ended [37].
While awakening at this circadian phase is more difficult, it would
provide a more robust light signal to the phase-advance portion of the
phase response curve [44,45], which may be beneficial for engendering
a greater amplitude of the circadian clock [46]. Enhanced circadian
amplitude could contribute to the protective nature of the misalignment
of eveningness with an early schedule. Previous research has hinted at
the potential benefits of aligning one’s chronotype with work schedules,
particularly during shift work [47]. While this was advantageous for
output measures such as sleep duration and overall well-being, long--
term health consequences of this alignment were not explored. The
findings presented in our study indicate that even for individuals with
late chronotypes, adopting an earlier work schedule may offer
advantages.

Chronic circadian misalignment, such as occurs in shift workers,
increases the risk of breast [48-50] and prostate cancer [51]. In our
study, we observed an increased likelihood of having all-cause cancer in
morning-type individuals who have a late timing of behavior. While still
misaligned, evening-type individuals who have an intermediate or early
timing of behavior had a lower prevalence of a history of cancer. As with
other physical disorders, it may be that the early morning light to which
this latter group is exposed may enhance circadian amplitude and be
protective against cancer [46,52-54]. Given the relatively low number
of individuals with prostate and breast cancer in this cohort, we were
unable to accurately examine whether these specific cancers behaved in
a similar or dissimilar fashion to other cancers vis-a-vis synchrony be-
tween circadian preference and actual activity timing. Likewise, the
number of individuals diagnosed with de novo all-cause cancer after
actigraphy collection was too small to conduct survival analyses.

Both cross-sectional and longitudinal analyses indicate worse
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physical health associated with later timing of behavior. However, there
were some discrepancies between these findings. While having a
morning preference with a late timing of behavior significantly
increased the likelihood (Fig. 3B) of having any of the included health
disorders, a morning preference with a late timing of behavior was only
associated with de novo development of hypertension and circulatory
disorder (Fig. 4). Similarly, while having an evening preference with
early timing of behavior was protective against diabetes, obesity, hy-
pertension, circulatory disorder, and respiratory disorder, with trends
for metabolic disorder, digestive disorder and all-cause cancer (Fig. 3D),
an evening preference with early timing of behavior was only associated
with trends for developing de novo metabolic disorder, diabetes, circu-
latory and respiratory disorders (Figs. 4). The present study was limited
by a relatively young cohort and a short interval between the initial
actigraphy assessment and the end of follow-up, which limited the
power of the survival analyses. Every included physical disorder fol-
lowed a similar trend, in which later timing of behavior, irrespective of
chronotype, was associated with an increased likelihood of developing
disorders. In contrast, earlier timing of behavior appears to be protec-
tive. The limited number of de novo cases may have contributed to some
disorders’ lack of statistical significance. Revisiting new disease onset in
the future will enable long-term assessment of the impact of chronotype
and timing of behavior on health outcomes.

Individuals who habitually go to sleep late may have shorter [55]
and more erratic sleep patterns [56], both of which can impact health
[57]. To account for this, we used self-reported sleep duration and
actigraph-derived interdaily stability, a measure of between-day varia-
tion in sleep patterns [58], as correction factors in our odds-ratio
models.

The UK Biobank did not collect electroencephalography data, the
criterion standard for determining sleep [59], though actigraphy is often
used as a proxy objective measure of sleep [60]. We chose not to use
actigraph-determined sleep amounts as these can be highly inaccurate in
individuals who had long latency to sleep onset or frequent awakenings
[61-64], thus biasing the interpretation of the data. As such, it is
possible that we are not capturing the full impact of sleep loss or vari-
ability in sleep timing on our measurements of interest and future
studies should use more precise measurements of sleep to overcome this
limitation. Furthermore, to assess disorder prevalence, we relied on
ICD-10 codes, which are used for clinical diagnosis. However, it is
possible that some individuals in our population were subclinical or
asymptomatic and, therefore, not captured as ‘having the disorder’
within this diagnostic framework. Moreover, while we accounted for
some confounding factors in our analysis, we did not adjust for un-
healthy behaviors commonly associated with staying up late (e.g.,
alcohol consumption, smoking). As a result, our analysis could not
determine whether such behaviors contribute to later sleep timing and
subsequent poorer physical health outcomes.

Our data set is also limited in that it only examined middle- and
older-aged adults in the United Kingdom. Age, cultural sequelae,
behavioral, and genetic differences may all impact our findings. Caution
must be used when extrapolating our findings to other populations that
would need to be independently verified. That being said, one seeming
universal is that life often interferes with the best laid plans. Individuals
may prefer sleeping at specific times of day but be unable or unwilling to
do so as other, more enticing possibilities move their sleep later and
later. While those who prefer the morning (’larks’) can go to sleep at
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early or intermediate times, going to sleep late is associated with worse
mental [20] and physical health outcomes. Those who prefer the night
(owls’) have worse mental and physical health when they follow their
rhythm predilection and go to sleep late. Contrary to expectations, for
these owls, going to sleep earlier is associated with lower rates of mental
[20] and physical health disorders. To age healthily, individuals should
time their rest before 1 AM, despite their chronobiological preferences.
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