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Aron S. Buchman, MD; Lei Gao “, MBBS*; Kun Hu “*, PhD*

BACKGROUND: Disrupted nighttime sleep has been associated with heart failure (HF). However, the relationship between day-
time napping, an important aspect of sleep behavior commonly seen in older adults, and HF remains unclear. We sought to
investigate the association of objectively assessed daytime napping and risk of incident HF during follow-up.

METHODS AND RESULTS: We studied 1140 older adults (age, 80.7+7.4 [SD] years; female sex, 867 [76.1%)]) in the Rush Memory
and Aging Project who had no HF at baseline and were followed annually for up to 14 years. Motor activity (ie, actigraphy)
was recorded for =10 days at baseline. We assessed daytime napping episodes between 9 am and 7 pm objectively from ac-
tigraphy using a previously published algorithm for sleep detection. Cox proportional hazards models examined associations
of daily napping duration and frequency with incident HF. Eighty-six participants developed incident HF, and the mean onset
time was 5.7 years (SD, 3.4; range, 1-14). Participants who napped longer than 44.4 minutes (ie, the median daily napping
duration) showed a 1.73-fold higher risk of developing incident HF than participants who napped <44.4 minutes. Consistently,
participants who napped >1.7 times/day (ie, the median daily napping frequency) showed a 2.20-fold increase compared with
participants who napped <1.7 times/day. These associations persisted after adjustment for covariates, including nighttime
sleep, comorbidities, and cardiovascular disease/risk factors.

CONCLUSIONS: Longer and more frequent objective napping predicted elevated future risk of developing incident HF. Future
studies are needed to establish underlying mechanisms.
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creasingly been recognized as beneficial to car-

diovascular health.! Typically defined by short
sleep periods during daylight hours, daytime nap-
ping is a common practice worldwide.? It may be a
direct consequence of inadequate or poor nighttime
sleep, particularly in older adults, leading to daytime
sleepiness. Daytime napping may also reflect a covert
symptom of undiagnosed disease such as heart failure

Adequate nighttime sleep of good quality has in-

(HF) and occur because of fatigue associated with HF.3
While the association between HF and excessive day-
time sleepiness has been reported in cross-sectional
studies,* there remains a paucity of prospective stud-
ies of daytime napping. Therefore, this longitudinal
study was designed to examine the effect of daytime
napping behavior on the development of HF.

Many studies have suggested that daytime nap-
ping is detrimental to cardiovascular disease.®~" For
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CLINICAL PERSPECTIVE

What Is New?

e Association of daytime napping and future heart
failure incidence was examined on the basis of
objectively defined daytime napping duration
and frequency using actigraphy.

e Longer and more frequent objective daytime
napping were associated with risk of heart fail-
ure independent of nighttime sleep, comorbidi-
ties, and cardiovascular disease/risk factors.

What Are the Clinical Implications?

e Excessive daytime napping may represent pre-
clinical evidence for heart failure.

e The results call for closer attention to monitoring
daytime sleep behavior to optimize cardiovas-
cular health in the older population.

e Actigraphic daytime sleep monitoring can be
valuable as a scalable and easily implemented
tool for timely identification of individuals at risk
of heart failure.

Nonstandard Abbreviation and Acronym

MAP Memory and Aging Project

example, longer self-reported daytime napping saw
an increased risk for HF in older men.® However, oth-
ers found that daytime napping can be beneficial.>°
Lack of consideration for the frequency of napping
may explain these inconsistent results. For example,
a recent study showed that napping once or twice
per week saw a lower risk for incident cardiovas-
cular events, independent of total nap duration.”®
Unfortunately, most of these previous studies were
exclusively based on self-report and may be not re-
liable, particularly in older adults who may fail to re-
port napping habits accurately because of cognitive
impairment.'+2

Traditional sleep assessment in a clinical setting is
costly and time consuming. This may explain the lack
of large-scale, community-based prospective stud-
ies with objective sleep measurements. Fortunately,
analytical tools developed in the past decade to infer
sleep and wake episodes based on ambulatory motor
activity recordings have proven invaluable in the as-
sessment of sleep and its changes under patholog-
ical conditions.’®® A wide range of activity monitors
are now available for unobtrusive collection of motor
activity without disrupting individuals’ daily behaviors,
offering the capacity for monitoring daytime napping
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patterns in community-based settings. In this study,
we objectively extracted daytime napping events from
motor activity recordings in an older cohort.'® We hy-
pothesized that objectively longer and more frequent
daytime naps would be associated with increased risk
of incident HF.

METHODS

Study Design and Participants

Data were from an ongoing study, namely, the Rush
Memory and Aging Project (MAP) that is conducted at
the Rush Alzheimer’s Disease Center, which started
in 1997. In 2005, a watchlike device (Actical, Philips
Respironics, Bend, OR) was introduced to record daily
motor activity.'® The protocol of MAP was approved by
the Institutional Review Board of the Rush Alzheimer’s
Disease Center in accordance with the principles of
the Declaration of Helsinki and its later amendments.
Written informed consent was obtained, and all par-
ticipants signed a repository consent to allow their
data to be repurposed. The protocol for this current
study was approved by the Partners Healthcare Inc.
Institutional Review Board. The data that support the
findings of this study are available from the corre-
sponding author upon reasonable request. Requests
to access the data related to the Rush MAP from
qualified researchers trained in human subject confi-
dentiality protocols may be sent to Rush Alzheimer’s
Disease Center Research Resource Sharing Hub at
https://www.radc.rush.edu/.

Participants with motor activity recordings were in-
cluded in this work (N=1401; female sex, 1065 (76.5%);
age, 81.4+7.5 [mean+SD] years). They were followed
annually with cognitive test batteries and question-
naires of medical conditions and medication use.
Clinical data censored in January 2020 were used.
Participants yet to have follow-up clinical assessments
were excluded (N=115). Subjects who had been diag-
nosed with HF at analytic baseline (N=64) or had miss-
ing HF information at analytic baseline (N=82) were
also excluded before further analysis. Therefore, 1140
participants were included in this study.

Assessment of Daytime Napping

The activity monitor was worn on the nondominant
wrist continuously for about 10 days at baseline. The
device measures accelerations in 3 directions paral-
lel to the 3 faces of the device with a continuous 32-
Hz sampling frequency and integrates the data into a
proprietary count value every 15 seconds. A daytime
napping episode was identified as sleep during the
common daytime or daily active hours between 9 awm
and 7 pm using a published and validated sleep scoring
algorithm based on wrist activity counts.!”'®


https://www.radc.rush.edu/
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First, the recording for activity counts was inte-
grated every 4 epochs, resulting in a new recording
with an epoch length of 1 minute. As a key step to dis-
tinguish sleep from “no activity,” the algorithm assigns
sleep/wakefulness to an epoch by considering not
only the activity count of the current epoch but also
activity counts of multiple epochs surrounding the
epoch. Specifically, a score was rendered for each
epoch based on whether a weighted sum of the cur-
rent epoch, 4 epochs preceding the current epoch,
and 2 epochs following the current one was <1 (sleep)
or not (wakefulness). The 7 weights were trained and
published in the previous studies.'”'® Final scores for
sleep/wake were obtained from the raw scores fol-
lowed by 5 rescoring rules to improve specificity.’” We
also excluded the segments that were scored as naps
for 2 consecutive hours with almost 0 activity counts
(ie, sum <10 activity counts) to avoid including peri-
ods where participants likely removed their watches.
Finally, 2 consecutive nap segments that were within
3 minutes apart were merged as 1 nap episode. Nap
duration was calculated as the average nap minutes/
day, and nap frequency was calculated as the aver-
age number of naps/day during the assessed days.

Annual Clinical Assessment

History of HF is based on annual clinical interviews. During
the baseline interview, the participants are asked: “Have
you ever been told by a doctor, nurse, or therapist that
you had heart failure?” In each follow-up visit, participants
are then asked: “Since your last interview, have you been
told by a doctor, nurse, or therapist that you had heart fail-
ure?” If so, new incidence was reflected in the data set
starting from that visit onward. To verify HF diagnosis, we
examined HF-associated medications taken at the time (or
within 1 year) of participants newly reporting incident HF.
These included angiotensin-converting enzyme inhibitors/
angiotensin |l receptor blockers, beta blockers, cardiac
glycosides (eg, digoxin) or diuretics. We then refined HF in-
cidence on the basis of the criterion that at least 2 of these
medications were taken, in addition to a positive response
from the annual clinical interview for HF.

Assessment of Covariates

We grouped covariates in terms of demographics (age,
sex, and education), nighttime sleep (total nighttime
sleep duration and sleep fragmentation),'® comorbidi-
ties (alcohol consumption, body mass index, frailty,
motor function, Parkinsonian signs, mobility disability,
depression, medications that may affect sleep [anxiety
and insomnia treatments, antipsychotics, analgesics,
or anticonvulsants], urinary conditions, thyroid disease,
and cognition), and, finally, cardiovascular risk factors/
diseases (smoking, hypertension, diabetes mellitus,
cholesterol, coronary artery disease, and claudication).
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More details in assessing each of the covariates are
summarized in Data S1.

Statistical Analysis

Descriptive statistics were reported by incident HF.
We present frequency and percentages for categori-
cal variables, mean and SD (or median and interquar-
tile range) for continuous variables. Fisher’'s exact
tests for categorical variables and Student t tests/
Wilcoxon rank-sum tests for continuous variables
were used to assess differences in demographic
and clinical characteristics between participants
with and without HF. Both nap duration and nap fre-
quency were square-root transformed before further
analyses because of right skewness. A series of Cox
proportional hazards models were used to assess
the relationship between daytime napping (duration
or frequency) and incident self-reported HF. Initial
models included demographic factors (age, sex, and
years of education) in addition to the nap parameter
(models A). Subsequent models further took night-
time sleep factors into consideration (models B).
Models C were augmented from models A with ad-
justment for comorbidities. Cardiovascular diseases
and risk factors were adjusted in models D. Finally, 2
full models (models E) were performed by augment-
ing models A with all covariates considered.

All models were repeated using HF incidences
jointly determined by self-reported records and med-
ications. Sensitivity analyses within subjects who were
cognitively intact at baseline were also performed.
Since prior studies have reported difference in the
association between self-reported nap duration and
cardiovascular outcomes in people having different
nighttime sleep durations,>” we examined the associa-
tion between nighttime sleep duration and incident HF
and the interaction effect of nap duration and nighttime
sleep duration; we also examined the association be-
tween nap duration and incident HF in stratified models
by nighttime sleep duration (i.e., <6 or >6 hours/night).
These additional results were reported in Data S1.

For all Cox models, the Efron approximation was
applied to account for ties resulting from grouped
survival data. The proportional hazards assumption
was assessed and confirmed using a global x? test
in R (R Foundation for Statistical Computing, Vienna,
Austria).?® Statistical significance was determined a
priori at an alpha level of 0.05 (2-sided). All statistical
analyses were done using JMP Pro (version 14, SAS
Institute, Cary, NC).

RESULTS

Demographic and clinical characteristics of the 1140
participants are shown in Table 1, and of them, 86
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Table 1. Demographic and Clinical Characteristics of Participants
Developed HF Not Developed HF
N (%), Mean+SD, or Median [IQR] N (%), Mean+SD, or Median [IQR] P Value
Demographics
Number of participants 86 1054
Female sex 66 (76.7) 801 (76.0) 1
Age, y 81.7+6.5 80.6+7.5 0.2
Education, y 14.6+2.8 156.1+3.0 0.09
Daytime napping characteristics
Nap duration, min 47.9[82.7] 44.0[66.0] 0.3
Nap frequency times 21 [2.6] 1.7 [2.3] 0.1
Sleep
Total nighttime sleep duration, h 5.3+1.7 5.7+1.4 0.02
Sleep fragmentation index, x10~2 2.9+1.0 2.8+0.7 0.02
Comorbidities
Body mass index, kg/m? 28.9+5.6 27.2+5.3 0.004
Alcohol, at least 1 drink per week 37 (43.0) 540 (51.3) 0.1
Frailty, yes 11 (13.9) 74(7.7) 0.08
Motor function 0.94+0.22 1.02+0.23 0.002
Parkinsonian signs 8.03+6.48 6.96+7.15 0.2
Mobility disability 25 (29.4) 204 (19.4) 0.03
Depression 0[2] oM 0.4
Anxiety medication use 5(5.8) 68 (6.4) 1
Insomnia medication use 3(3.5) 96 (9.1) 0.1
Antipsychotics medication use 2(2.3) 14 (1.3) 0.3
Analgesic medication use 65 (75.6) 780 (74.0) 0.8
Anticonvulsant medication use 8(9.3) 116 (11.0) 0.7
Urinary conditions 51 (59.3) 445 (42.2) 0.003
Thyroid disease 23 (26.7) 317 (30.1) 0.6
Global cognition 0.09+0.62 0.06+0.64 0.7
Cardiovascular risk factors/diseases
Smoking 35 (40.7) 435 (41.4) 1
Hypertension 67 (77.9) 671 (63.7) 0.007
Cholesterol >200 27 (31.4) 401 (38.0) 0.2
Diabetes mellitus 15 (17.4) 144 (13.7) 0.3
Coronary artery disease 11 (12.8) 88 (8.3) 0.2
Claudication 12 (14.0) 91 (8.6) 0.1

Data expressed as a count (percentage %), mean+SD (if normally distributed), or median [IQR] (if nonnormally distributed). P values for normally distributed
continuous variables were from Student’s t-test, for nonnormally distributed continuous variables were from nonparametric Wilcoxon rank-sum test, and for
categorical variables were from Fisher’s exact test. Motor function was assessed using a composite measure of global motor function covering 10 motor
constructs. Depressive symptoms were assessed with a 10-item version of the Center for Epidemiologic Studies-Depression Scale. Urinary conditions included
urinary incontinence/spasms, benign prostatic hypertrophy, or diuretic use. Smoking included current or former smokers. Participants were considered to have
diabetes mellitus, hypertension, or thyroid disease if they were taking medications or endorsed a diagnosis on interview. HF indicates heart failure; and I1QR,

interquartile range.

participants developed incident HF (7.54% of 1140) dur-
ing a mean time interval of 5.7 years (SD, 3.4; range, 1-
14) after baseline. On average, participants napped for
65.4 minutes (median, 44.4; interquartile range, 67.0),
and 2.3 times/day (median, 1.7; interquartile range,
2.4) at baseline (Figure 1); nap duration was positively
correlated with nap frequency (Spearman p=0.91;
P<0.0001). After square-root transform, both nap du-
ration and nap frequency were positively correlated
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with age (Pearson r=0.23 and 0.25; both P<0.0001) but
not education years (both P>0.1). No sex differences
were found in either nap parameter (both P>0.1).

After adjustment for demographics, the initial
models revealed that longer daytime naps were as-
sociated with higher risk of HF (Table 2 and Table S1).
Specifically, for each SD increase in the square-root
transformed nap duration, the hazard ratio (HR) was
1.38 (95% ClI, 1.12-1.69; P=0.003). Similarly, more



Lietal

Daytime Napping and Heart Failure

A R B __C
£
g 2000 — - E 400 - === 10"™90" percentile
§ 1500 4 J ........ N .5 300 - median
> ©
£ 1000 =
'..8 ©
< 500 =
Z
0
B 2 D
£ 400 £
g fand
>
S 300 o
> D o B i e oo o
Q n &=
< 1Ol 2 s
0 . pd 0 i T T T 1
7:00 PM 7:00 AM 7:00 PM 7:00 AM 7:00 PM 7:00 AM 7:00 PM 0 100 200 300 400
Time Counts
Figure 1. Daytime napping in older adults.

(A and B) Representative 3-day motor activity recordings of 2 participants. One participant napped shorter/rarely (A) and the other one
napped longer/more frequently (B). Green shaded areas indicate identified napping periods, and pink shaded areas indicate identified
nighttime sleep episodes. (C) Distribution of daytime napping duration. (D) Distribution of daytime napping frequency.

frequent daytime naps were also associated with in-
creased risk of HF (Table 3 and Table S2), with an HR
of 1.47 (95% Cl, 1.18-1.81; P=0.0006) for each SD in-
crease in the square-root transformed nap frequency.
To better put these results into context, we dichoto-
mized the nap frequency and nap duration by their
corresponding medians (see Table S3). Long nappers
(ie, those who napped longer than the cohort median
44.4 minutes) were at 1.73-fold (95% ClI, 1.11-2.69;
P=0.014; Figure 2) higher risk of HF than short nap-
pers; frequent nappers (ie, those who napped more
than the cohort median frequency 1.7 times) showed
a 2.20-fold (95% Cl, 1.41-3.46; P=0.001; Figure 2)
higher risk of HF than infrequent nappers. These
effects were equivalent to that of being 14.4 and
24.0 years older at baseline, respectively (note that
HR for being 1 year older was about 1.04; P<0.05;
Tables 2 and 3). Considering a J-shaped association
between nap duration and incident cardiovascular
disease in a prior investigation,? we also refactorized
the nap duration into 3 categories (ie, <30 min/d,
30-60 min/d, and >60 min/d). Nap duration still ap-
peared to affect HF risk monotonically in this cohort.
Specifically, the HR was 1.68 (95% ClI, 0.94-3.00)
and 211 (95% Cl, 1.27-3.48) respectively, in those
who napped 30 to 60 minutes and >60 min/d ver-
sus those who napped for a shorter time; the HR
was 1.26 (95% Cl, 0.74-2.14) in those who napped
>60 min/d versus those who napped 30 to 60 min/d
(results adjusted for age, sex, and education).

J Am Heart Assoc. 2021;10:e019037. DOI: 10.1161/JAHA.120.019037

The effects of daytime napping remained after
separately adjusting for sleep, comorbidities, and
cardiovascular diseases/risk factors (Tables 2 and
3). In fully adjusted models, the associations of nap
duration and nap frequency with incident HF still held,
specifically, 1-SD increase in square-root transformed
napping duration and 1-SD increase in square-root
transformed napping frequency corresponded to a
1.43-fold (95% Cl, 1.10-1.84; P=0.008) and a 1.48-fold
(95% CI, 1.14-1.90; P=0.003) increase in the risk of
developing incident HF, respectively.

With HF incidences jointly determined by self-report
and medication, results were consistent (see Data S1
and Tables S1 and S2). Results were consistent as well
from sensitivity analyses including only cognitively in-
tact subjects (see Data S1 and Table S4). We did not
find an association between total nighttime sleep du-
ration and incident HF in this cohort (see Table S5).
We also did not observe an interaction effect between
nap duration and total nighttime sleep duration (see
Table S6). In addition, we did not see a difference in
the association between nap duration and incident HF
between subjects who slept for <6 hours/night (56%
of participants) versus those who slept more (44% of
participants) (see Table S7).

DISCUSSION

Sleep health has gained increasing prominence
as a potentially modifiable risk factor for HF and
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Table 2. Daytime Nap Duration, Covariates, and Incident HF

Age, y* 1.04 (1.01-1.07) 1.04 (1.01-1.08) 1.04 (1.00-1.09) 1.08 (1.00-1.07) 1.06 (1.01-1.11)
0.022 0.013 0.070 0.039 0.028
Sex, female 0.90 (0.55-1.53) 1.02 (0.62-1.79) 0.85 (0.46-1.63) 0.97 (0.58-1.69) 1.09 (0.55-2.26)
0.685 0.930 0.614 0.910 0.811
Education* 0.94 (0.87-1.01) 0.93 (0.86-1.00) 0.95 (0.87-1.03) 0.95 (0.88-1.03) 0.94 (0.86-1.02)
0.082 0.066 0.204 0.227 0.160
Nap duration, square-root 1.38 (1.12-1.69) 1.51 (1.19-1.88) 1.31 (1.02-1.68) 1.34 (1.08-1.65) 1.54 (1.15-2.05)
transformed? 0.003 0.001 0.037 0.009 0.004
Sleep
Total night sleep time* 0.92 (0.77-1.09) 0.93 (0.75-1.16)
0.243 0.498
Sleep fragmentation 1.17 (0.95-1.39) 1.26 (0.99-1.56)
index*® 0141 0.055
Comorbidities
Alcohol consumption, > 0.93 (0.56-1.53) 0.91 (0.53-1.55)
1 drink/wk 0.769 0.730
Body mass index* 1.05 (1.01-1.09) 1.04 (1.00-1.09)
0.029 0.080
Frailty 1.51(0.59-3.52) 1.72 (0.66-4.06)
0.374 0.253
Parkinsonian signs 0.96 (0.91-1.01) 0.96 (0.90-1.01)
0.120 0.108
Motor function® 0.61 (0.41-0.88) 0.63 (0.42-0.94)
0.009 0.022
Mobility disability 111 (0.59-2.04) 1.02 (0.53-1.90)
0.735 0.962
Depression, square-root 1.04 (0.74-1.43) 0.96(0.67-1.35)
transformed*® 0.804 0.883
Anxiety 1.29 (0.44-3.00) 1.38 (0.47-3.24)
0.606 0.523
Insomnia 0.35 (0.08-0.95) 0.42 (0.10-1.15)
0.038 0.098
Antipsychotic 1.49 (0.08-7.56) 1.69 (0.09-9.17)
0.719 0.647
Analgesic 0.92 (0.54-1.65) 0.78 (0.45-1.42)
0.778 0.411
Anticonvulsant 117 (0.49-2.43) 1.25 (0.52-2.67)
0.706 0.595
Urinary conditions 1.50 (0.93-2.44) 1.36 (0.80-2.35)
0.0098 0.263
Thyroid disease 0.69 (0.38-1.19) 0.80 (0.44-1.41)
0.183 0.448
Global cognition® 1.09 (0.82-1.50) 1.20 (0.89-1.66)
0.562 0.237
Cardiovascular risk factors/diseases

J Am Heart Assoc. 2021;10:e019037. DOI: 10.1161/JAHA.120.019037

Smoking 1.15(0.74-1.79) 1.54 (0.92-2.56)
0.527 0.103
Hypertension 1.94 (1.17-3.36) 1.38 (0.74-2.69)
0.009 0.321
Cholesterol, > 200 0.82 (0.50-1.31) 0.85 (0.48-1.47)
0.405 0.575
(Continued)
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Models
A B C D E
HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
Variables Value Value Value Value Value
Diabetes mellitus 113 (0.61-2.00) 0.99 (0.47-1.93)
0.680 0.970
Coronary artery disease 1.34 (0.66-2.48) 118 (0.52-2.37)
0.393 0.674
Claudication 1.33 (0.68-2.38) 115 (0.52-2.28)
0.385 0.710

Model A is the core model adjusted for age, sex, and years of education. Models B, C, and D all build upon model A by additionally including nighttime sleep
factors (B), comorbidities (C), and cardiovascular diseases and risk factors (D), respectively. Model E is the full model with all covariates adjusted.

HF indicates heart failure; and HR, hazard ratio.
*Results for 1-unit increase.
fResults for 1-SD increase.

cardiovascular disease in general. Daytime napping
is a common occurrence in the elderly, yet the long-
term links to HF are not well defined. Using ambula-
tory monitoring of motor activity through a wristwatch,
daytime napping patterns were objectively assessed
in an older cohort of >1000 participants who were
in their 80s on average and free from HF at base-
line. We demonstrated that longer and more frequent
daytime naps predicted elevated risk of developing
incident HF. This was independent from nighttime
sleep duration/fragmentation, medical comorbidi-
ties, and traditional cardiovascular diseases and risk
factors. The objective and ambulatory assessment of
daytime napping is a potentially convenient identifier
of unique risk for HF.

One potential mechanism linking daytime nap-
ping and HF is nighttime sleep disturbances such
as multiple arousals that can cause excessive sym-
pathetic activation,?! which, in turn, moderates the
renin-angiotensin system in a maladaptive way.??23
Over time, increased sympathetic activation is ac-
companied by high blood pressure as well as ar-
teriolar and cardiac wall stress.?*?" The cumulative
effects of these frequent arousals from sleep, sym-
pathetic surges, higher blood pressures, and re-
petitive low oxygen levels, compound to adversely
suppress the efficiency and performance of the
heart muscles, the failure of which is the defining
feature of HF. However, our results refute this hy-
pothesis since nighttime arousals was not associ-
ated with incident HF in this cohort (see Data St
and Fig. S1). In another scenario, those reporting
shorter sleep duration increasingly suffer from var-
ious sleep disorders as they age, while sleep dis-
orders such as sleep apnea have been established
as a risk factor for cardiovascular diseases includ-
ing HF.?® However, we did not find an association
between total nighttime sleep duration and incident
HF in this cohort; and the effect of daytime napping
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remained after accounting for sleep fragmentation,
body mass index, and hypertension—major risk fac-
tors for sleep apnea. Thus, the observed association
between daytime napping and HF risk may indicate
additional pathway(s) beyond the maladaptive ef-
fects of nighttime sleep disturbances.

An alternative mechanism is that daytime nap-
ping may alter the 24-hour circadian profile of sym-
pathetic/parasympathetic control of the heart and
renin-angiotensin system. Circadian regulation, though
coupled to sleep regulation, has different neural cir-
cuitry. The circadian system directly impacts auto-
nomic function and its response to external stress,?®
and impairs glucose metabolism® likely via its influ-
ence on autonomic control and other cardiovascular
risk factors.®! It was thus not surprising that the effect
sizes for the impacts of daytime napping on incident
HF were slightly reduced after adjustment for cardio-
vascular risk.

The association between reduced motor function
and increased HF risk indicates that poor exercise/
movement tolerance associated with fatigue may al-
ready be present before HF diagnosis. However, the
fact that the association between daytime napping
and incident HF remained after adjustment for motor
function, Parkinsonism, mobility disability, and frailty
strongly suggests that daytime napping is an indepen-
dent risk factor for HF, with different pathways from
overt symptoms like fatigue. Note that we did not di-
rectly take physical activity level into consideration (it
was inexplicitly included in the assessment of frailty)
because of potential collinearity (see Fig. S2); how-
ever, we did explore the contribution of napping after
adjustment for total daily activity level obtained from
actigraphy using dichotomized napping characteristics
(see Data S1 and Table S8), which supported an in-
dependent role, particularly for napping frequency, on
incident HF. Further studies are warranted to better un-
tangle their relationships.
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Table 3. Daytime Nap Frequency, Covariates, and Incident HF

Age, y* 1.08 (1.00-1.07) 1.04 (1.00-1.09) 1.04 (1.02-1.09) 1.08 (1.00-1.07) 1.06 (1.01-1.11)
0.082 0.018 0.073 0.051 0.028
Sex, female 0.92 (0.57-1.57) 1.06 (0.63-1.85) 0.87 (0.47-1.66) 0.98 (0.59-1.71) 111 (0.56-2.29)
0.757 0.837 0.658 0.955 0.777
Education* 0.93 (0.87-1.01) 0.93 (0.86-1.00) 0.94 (0.87-1.03) 0.95 (0.88-1.03) 0.94 (0.86-1.02)
0.0709 0.063 0.184 0197 0.157
Nap frequency, square- 1.47 (1.18-1.81) 1.56 (1.24-1.95) 1.41 (1.09-1.82) 1.41 (113-1.74) 1.60 (1.20-2.13) 0.002
root transformed’ 0.0006 0.0003 0.010 0.003
Sleep
Total night sleep time* 0.90 (0.77-1.07) 0.92 (0.75-1.14)
0.249 0.428
Sleep fragmentation 1.14 (0.92-1.36) 1.23 (0.97-1.53)
index*® 0.213 0.082
Comorbidities
Alcohol consumption, 0.96 (0.58-1.59) 0.95 (0.55-1.62)
>1 drink/wk 0.873 0.842
Body mass index? 1.05 (1.01-1.10) 1.04 (1.00-1.09)
0.026 0.070
Frailty 1.54 (0.60-3.58) 1.75 (0.68-4.10)
0.350 0.234
Parkinsonian signs 0.96 (0.91-1.01) 0.96 (0.90-1.01)
0113 0.105
Motor function® 0.61 (0.41-0.88) 0.62 (0.42-0.92)
0.009 0.018
Mobility disability 110 (0.568-2.01) 1.
0.771 (0.563-1.89)0.967
Depression, square- 1.08 (0.74-1.42) 0.96 (0.66-1.35)
root transformed* 0.838 0.802
Anxiety 1.34 (0.46-3.13) 1.46 (0.49-3.44)
0.553 0.458
Insomnia 0.35 (0.09-0.96) 0.43 (0.10-1.18)
0.040 0.109
Antipsychotic 1.48 (0.08-7.45) 1.63 (0.09-8.76)
0.722 0.667
Analgesic 0.90 (0.53-1.61) 0.76 (0.44-1.39)
0.715 0.363
Anticonvulsant 112 (0.47-2.34) 1.21 (0.50-2.60)
0.780 0.647
Urinary conditions 1.50 (0.93-2.44) 1.36 (0.80-2.35)
0.099 0.253
Thyroid disease 0.70 (0.39-1.21) 0.82 (0.45-1.44)
0.208 0.495
Global cognition® 1.10 (0.82-1.51) 1.21 (0.90-1.68)
0.532 0.219

Cardiovascular risk factors/diseases

J Am Heart Assoc. 2021;10:e019037. DOI: 10.1161/JAHA.120.019037

Smoking 1.16 (0.74-1.79) 1.563 (0.91-2.54)
0.516 0.105
Hypertension 1.92 (1.16-3.32) 1.37 (0.73-2.67)
0.0M1 0.328
Cholesterol, >200 0.82 (0.50-1.32) 0.85 (0.48-1.46)
0.422 0.552
(Continued)
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Table 3. Continued

Diabetes mellitus 112 (0.60-1.98) 0.96 (0.45-1.88)
0.704 0.916
Coronary artery 1.31 (0.64-2.42) 1.16 (0.562-2.33)
disease 0.436 0.703
Claudication 1.31 (0.67-2.35) 117 (0.63-2.32)
0.409 0.683

Model A is the core model adjusted for age, sex, and years of education. Models B, C, and D all build upon model A by additionally including nighttime sleep
factors (B), comorbidities (C), and cardiovascular diseases and risk factors (D), respectively. Model E is the full model with all covariates adjusted.

HF indicates heart failure; and HR, hazard ratio.
*Results for 1-unit increase.
TResults for 1-SD increase.

While this is one of the largest studies to date show-
ing a longitudinal association between prior napping
behavior and HF, it is by no means conclusive that they
are causally related. In fact, we believe this relation-
ship to be more nuanced. Napping as a behavior in
the elderly, free-living community is likely in part a re-
flection of poorer health that could not be accounted
for in all traditional risk factors. The relatively large and
robust increase in risk for HF in those who napped lon-
ger or more frequently bears attention. Even if not fully
causally linked, unobtrusive detection of such a strong
predictor up to 14 years prior can alert healthcare

providers and reinforce to patients the need to opti-
mize known causal cardiovascular risks. Future studies
are needed to examine whether this in turn decreases
napping behavior in the elderly or whether direct inter-
vention in sleep health has a bidirectional causal effect
on lowering risk.

Strengths of this study include its prospec-
tive, long-term annual follow-up in a large cohort of
community-dwelling adults. This is, to the best of
our knowledge, the first study assessing daytime
napping characteristics objectively with nonintrusive
measures of daily rest-activity over relatively long

0.3
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Cumulative hazard

0 ==y T T T T T
0 2 4 6 8 10 12

Time since baseline (year)

0.3
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-------------------- infrequent nappers

Cumulative hazard
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Figure 2. Predicted risk over time for heart failure from Cox proportional hazards models for nap duration (left) and nap
frequency (right).

Results obtained from models with dichotomized nap duration and nap frequency by their corresponding medians. Specifically, long
nappers napped for >44.4 min/d, while short nappers napped for <44.4 min/d. Similarly, frequent nappers napped >1.7 times/d while
infrequent nappers napped <1.7 times/d.
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periods of time. The continuous and objective as-
sessments reduced recall bias and other confounds
seen in self-reported sleep measures, minimized the
effects of daily variability, and avoided disruption to
participants’ sleep environment—a major concern
during in-lab assessment of sleep. Furthermore, we
were able to adjust for an extensive set of covariates
including comorbidities and medications, as well as
cardiac risk factors associated with HF. This study
may serve as an early model for characterizing day-
time napping in community-based older adults. It
opens up an avenue for collaboration among sleep
medicine, cardiology, and clinical trial communities to
test whether modifying daytime napping in the elderly
community can reduce the risk of HF and its associ-
ated morbidity and mortality burden.

Among several limitations of the current study, this is
an observational study that prevents firm conclusions
regarding causality. There may still be unmeasured co-
morbidities that may affect both predictor and outcome
including sleep disorders. For example, one major con-
founder is sleep apnea, a common medical condition
that is highly associated with cardiovascular diseases,
including HF.?"%2 The MAP has only been collecting
sleep apnea risk scores (Berlin Questionnaire) since
2013, thus only few MAP participants had this score
available at the time of analysis (ie, <300 participants).
We have taken body mass index into consideration,
which is a major risk factor for sleep apnea, and hope-
fully the potential confounding effect of sleep apnea on
our observed association between daytime napping
and HF can be alleviated this way. It is also possible
that those who napped longer or more frequently may
have underlying conditions, particularly, preclinical ill-
nesses that are not yet apparent, that in themselves
increase the risk of HF. In addition, there is a reliance on
self-reported HF and other covariates, as per the de-
sign of the MAP study. Ideally, follow-up studies should
include quantitative measurements of HF via echocar-
diograms and biochemistry (eg, brain natriuretic pep-
tide), as well as definitive HF outcomes to determine
the pathways linking daytime napping and incident HF.
Methodologically, we used 9 am and 7 pv as the start
and end times to maximize our confidence that we
primarily counted daytime nap events. The reason is
2-fold: First, our sample consists of older participants
who are known to have phase advancement (earlier
bedtimes); and second, we wanted to avoid potential
morning and evening transition periods (7 AaM to 9 Am
and 7 pv to 9 pPv). Ideally, both sleep diary data and ac-
tigraphy data should be included in future work to de-
fine individuals’ habitual sleep duration and sleep/wake
times more accurately, such that all nap episodes out-
side of the main sleep period can be included. Besides,
timing of naps relative to the main sleep period and reg-
ularity/irregularity of napping events would also be of

J Am Heart Assoc. 2021;10:e019037. DOI: 10.1161/JAHA.120.019037
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interest should we be able to incorporate habitual sleep
times. Adding these aspects in future work may help
refine the napping risk exposure.
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Data S1.

Supplemental Methods

Assessment of covariates

Education years, BMI, smoking (never/ex/current), and alcohol use (none/>1 drink per
week) were recorded during the initial interview. Total nighttime sleep duration was
estimated from activity recordings using the same algorithm for daytime napping estimation
except that sleep estimation was rendered during 9 PM and 7 AM. Sleep fragmentation was
estimated using an actigraphy-based method that calculates the probability of having an
arousal (e.g., a non-zero activity count) after a long (~5 min) period of rest (i.e., sleep).33
Frailty is a composite indicator based on five dichotomized frailty components (BM], fatigue,
gait, grip strength, and physical activity). Participants were categorized as having frailty if
three or more frail components presented.3* The Rosow-Breslau scale was used to assess
mobility disability. Participants were categorized as having mobility disability if they
reported needing help for at least one item.35 Motor function was assessed by a composite
score covering 10 motor performance tests. Medications (taken/not taken) were inspected
and coded using the Medi-Span system (Medi-Span, Inc.)3¢ Presence/absence of co-
morbidities at baseline was determined at interview. We coded for presence of urinary
conditions (urinary incontinence/spasms, benign prostatic hypertrophy, diuretic use, or
associated medications) that may confound results related to nighttime awakening,
fragmented rest and increased likelihood for daytime napping. Participants were considered

to have diabetes, hypertension, or thyroid disease if they were taking medications or



endorsed a diagnosis on interview. Depressive symptoms were assessed with a 10-item
version of the Center for Epidemiologic Studies-Depression Scale and results were square
root transformed because of right skewness. Cognition was assessed using a composite score

representing global cognition constructed from z-scores of 19 cognitive tests.37

We also calculated the number of nighttime awakenings based on the sleep episodes
estimated from actigraphy. Interestingly, the number of nighttime awakenings was
negatively correlated, instead of being positively correlated, with nap duration and nap
frequency (Fig. S1), and it was not significantly associated incident HF (results not reported).
The calculated number of nighttime awakenings was positively correlated with the sleep
fragmentation index (Fig. S1). Considering that the sleep fragmentation index was priorly
linked to incident HF in the same cohort,1° we included the sleep fragmentation index instead

of the number of awakenings in the adjusted models (models B).

Supplemental Results

Consistent results obtained using incident heart failure (HF) jointly determined by self-report
and medication

To improve our predictive models, we also further parsed through the associations using a
combination of any two HF-related medications and self-report HF. Using this criterion to
define incident HF, the initial models revealed positive associations between longer and
more frequent daytime napping and risk of HF (Tables S1 and S2). Specifically, for each 1 SD
increase in the square root transformed nap duration, the hazard ratio (HR) was 1.42 [95%

confidence interval (CI): 1.13-1.83; p = 0.004]. The HR was 1.48 (95% CI: 1.15-1.90; p =



0.003) for each 1 SD increase in the square root transformed nap frequency. In both models,
age was not associated with incident HF which might be due to a power issue, and this makes
it irrelevant to directly compare the effects of daytime napping duration or frequency with

that of age.

The results were consistent after separately adjusted for sleep, comorbidities, and
cardiovascular diseases/risk factors. With fully adjusted models, the associations of nap
duration and nap frequency with incident HF were still significant, with 1-SD increase in the
square root transformed napping duration and 1-SD increase in the square root transformed
napping frequency being corresponding to an HR of 1.68 (95% CI: 1.17-2.39; p = 0.005) and

of 1.66 (95% CI: 1.16-2.35; p = 0.006) in the risk of developing incident HF.

Sensitivity analyses within cognitively intact participants showed consistent results

Sensitivity analyses were done by including participants who were cognitively intact at
baseline (N = 837; female: 655) to further reduce recall bias on self-report HF incidence due
to cognitive decline. Among them, 72 developed incident HF. Results were consistent with
analyses based on the complete set. As shown in Table S4, for each 1-SD increase in the
square root transformed nap duration, the HR was 1.39 (95% CI: 1.09-1.75; p = 0.009). The
HR was 1.45 (95% CI: 1.14-1.83; p = 0.003) for 1-SD increase in the square root transformed

nap frequency.

Consideration of reduced physical activity level



We assessed total daily activity using actigraphy in terms of activity counts per day. To avoid
collinearity between napping characteristics and total daily activity (Figure S2), we
dichotomized napping duration and frequency based on their medians, and fitted Cox
proportional hazards models by including the dichotomized variables and square root
transformed total daily activity (due to right skewness) adjusted for age, sex, and education.
Consistently, results demonstrated increased risk of HF in frequent nappers (Table S3; HR
2.00 (95% CI: 1.16-3.44; p = 0.012) while total daily activity became not significant although
it was by itself (for each 1-SD decrease in the square root transformed total daily activity: HR
= 1.35; 95% CI: 1.06-1.70; p = 0.013). However, neither napping duration nor total daily
activity was significant which may still be a consequence of collinearity between them
although dichotomization was done. Further studies are warranted to better elucidate their

relationships.



Table S1. Daytime nap duration, covariates, and incident heart failure jointed determined by self-report and

medication.
Models
A B C D E
Variables HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
p value p value p value p value p value
Age’ 1.03(0.99-1.07) 1.03(0.99-1.07) 1.04(0.98-1.09) 1.02(0.99-1.06) 1.04(0.98-1.10)

Sex (female)

Education”

Nap duration

(square root

transformed)*

0.108
0.90 (0.50 - 1.70)
0.724
0.92 (0.84 - 1.01)
0.069
1.42 (1.13 - 1.83)

0.004

0.095
0.87 (0.49 - 1.66)
0.662
0.92 (0.84 - 1.00)
0.060
1.57 (1.20 - 2.02)

0.001

0.207
0.87 (0.41 - 1.98)
0.722
0.91 (0.81 - 1.02)
0.098
1.42 (1.05 - 1.91)

0.023

0.205
0.93 (0.50 - 1.81)
0.817
0.93 (0.85 - 1.02)
0.146
1.42 (1.10 - 1.81)

0.008

0.228
0.86 (0.38 - 2.06)
0.719
0.90 (0.80 - 1.01)
0.078
1.68 (1.17 - 2.39)

0.005

Sleep




Total nighttime
sleep duration®
Sleep
fragmentation

indext

0.98 (0.80 - 1.22)
0.885
1.04 (0.77 - 1.32)

0.781

1.02 (0.78 - 1.37)
0.882
1.17 (0.81 - 1.59)

0.383

Comorbidities

Alcohol
consumption (=1
drink per week)

Body mass index2

Frailty (yes)

Parkinsonian

Signs (yes)

Motor functiont

0.96 (0.52 - 1.76)

0.898

1.05 (0.99 - 1.10)
0.085
1.87 (0.60 - 5.05)
0.263
0.95 (0.88 - 1.01)
0.081

0.60 (0.38 - 0.95)

0.97 (0.51 - 1.85)

0.938

1.04 (0.98 - 1.09)
0.204
2.10 (0.65 - 5.95)
0.204
0.94 (0.88 - 1.01)
0.081

0.62 (0.39 - 0.99)



Mobility Disability
(ves)

Depression
(square root
transformed)”

Anxiety (yes)

Insomnia (yes)

Antipsychotic

(yes)

Analgesic (yes)

0.028
1.48 (0.69 - 3.07)
0.306

0.95 (0.62 - 1.40)

0.789

1.58 (0.46 - 4.09)
0.422
0.37 (0.06 - 1.22)

0.114

2.52 (0.14 - 13.48)
0.440
0.72 (0.38 - 1.42)

0.328

0.046
1.40 (0.65 - 2.95)
0.386

0.88 (0.56 - 1.34)

0.569

1.62 (0.47 - 4.23)
0.402
0.42 (0.07 - 1.42)

0.185

3.33 (0.17 - 19.80)
0.339
0.65 (0.34 - 1.30)

0.212



Anticonvulsant

(ves)

Urinary conditions

(yes)

Thyroid disease

(ves)

Global cognitiont

1.27 (0.46 - 3.00)
0.615
1.82 (1.01 - 3.33)
0.045
0.59 (0.28 - 1.15)
0.124
1.41 (0.96 - 2.15)

0.079

1.19 (0.42 - 2.89)
0.723
1.47 (0.78 - 2.87)
0.237
0.67 (0.31 - 1.34)
0.267
1.46 (0.98 - 2.25)

0.060

Cardiovascular risk factors/diseases

Smoking (yes)

Hypertension
(ves)
Cholesterol (=
200)

Diabetes (yes)

1.32 (0.78 - 2.21)
0.303

3.27 (1.67 - 7.18)
0.0003

0.88 (0.49- 1.53)
0.649

0.75 (0.32-1.55)

1.67 (0.90 - 3.09)
0.101
2.22 (0.98 - 5.56)
0.055
0.86 (0.43 - 1.65)
0.659

0.65 (0.23 - 1.55)



0.448 0.347
Coronary artery - - - 1.71(0.80-3.32) 1.59 (0.65-3.47)
disease (yes) 0.157 0.294
- - - 1.20 (0.52-2.42) 1.07 (0.40 - 2.43)

Claudication (yes)
0.639 0.884

“Results for 1-unit increase. fResults for 1-SD increase.

Model A is the core model adjusted for age, sex, and years of education. Model B, C, and D all build upon model A by additionally
including nighttime sleep factors (B), co-morbidities (C), and cardiovascular diseases and risk factors (D), respectively. Model E
is the full model with all covariates adjusted.

CI = confidential interval; HR = hazard ratio; SD = standard deviation



Table S2. Daytime nap frequency, covariates, and incident heart failure jointed determined by self-report and

medication.
Models
A B C D E
Variables HR (95% CI), HR (95% CI), HR (95% CI), HR (95% CI), HR (95% CI),
p value p value p value p value p value
Age’ 1.03(0.99-1.07) 1.03(0.99-1.07) 1.04 (0.98-1.09) 1.02(0.99-1.06) 1.04(0.98-1.10)

Sex (female)

Education”

Nap frequency

(square root

transformed)*

0.127
0.92 (0.52 - 1.75)
0.796
0.92 (0.84 - 1.00)
0.059
1.48 (1.15 - 1.90)

0.003

0.120
0.90 (0.50 - 1.71)
0.730
0.92 (0.84 - 1.00)
0.052
1.58 (1.20 - 2.05)

0.002

0.199
0.87 (0.41 - 1.98)
0.733
0.91 (0.82 - 1.02)
0.095
1.46 (1.07 - 1.99)

0.018

0.229
0.95 (0.52 - 1.85)
0.869
0.93 (0.85 - 1.02)
0.134
1.42 (1.10 - 1.82)

0.007

0.200
0.86 (0.38 - 2.06)
0.723
0.91 (0.81 - 1.01)
0.080
1.66 (1.16 - 2.35)

0.006

Sleep




Total nighttime
sleep duration®
Sleep
fragmentation

indext

0.98 (0.80 - 1.22)
0.861
1.01 (0.74 - 1.29)

0.946

1.01 (0.78 - 1.36)
0.935
1.11 (0.77 - 1.53)

0.543

Comorbidities

Alcohol
consumption (=1
drink per week)

Body mass index”

Frailty (yes)

Parkinsonian

Signs (yes)

Motor functiont

0.98 (0.53 - 1.80)

0.950

1.05 (1.00 - 1.10)
0.069
1.93 (0.63 - 5.18)
0.236
0.95 (0.62 - 1.40)
0.082

0.60 (0.37 - 0.94)

0.99 (0.52 - 1.89)

0.983

1.04 (0.99 - 1.09)
0.153
2.17 (0.69 - 6.02)
0.177
0.94 (0.88 - 1.01)
0.091

0.61 (0.38 - 0.97)



Mobility Disability

(yes)

Depression
(square root
transformed)”

Anxiety (yes)

Insomnia (yes)

Antipsychotic

(ves)

Analgesic (yes)

Anticonvulsant

(yes)

0.026

1.45 (0.68 - 3.00)

0.328

0.95 (0.62 - 1.40)

0.799

1.64 (0.48 - 4.26)

0.388

0.37 (0.06 - 1.22)

0.114

2.50(0.13 -13.25)

0.443

0.70 (0.37 - 1.38)

0.293

1.22 (0.44 - 2.89)

0.676

0.038
1.40 (0.65 - 2.93)
0.382

0.88 (0.56- 1.34)

0.573

1.70 (0.49 - 4.45)
0.363
0.43 (0.07 - 1.45)

0.197

3.23(0.17-19.11)

0.350
0.63 (0.33 - 1.26)
0.186
1.17 (0.41 - 2.85)

0.745



Urinary conditions -
(ves)

Thyroid disease -

(yes)

1.81 (1.01 - 3.32)
0.046
0.60 (0.28 - 1.17)

0.136

1.49 (0.79 - 2.89)
0.220
0.68 (0.32 - 1.36)

0.289

Global cognitiont -

1.44 (0.98 - 2.18)

0.067

1.51 (1.01 - 2.33)

0.045

Cardiovascular risk factors/diseases

Smoking (yes)

Hypertension -
(yes)
Cholesterol (= -

200)

Diabetes (yes)

1.31(0.77 - 2.19)
0.313
3.25 (1.66 - 7.14)
0.001
0.88 (0.49 - 1.52)
0.644
0.75 (0.32 - 1.55)

0.466

1.68 (0.91 - 3.11)
0.099
2.17 (0.96 - 5.42)
0.062
0.86 (0.43 - 1.64)
0.643
0.66 (0.24 - 1.57)

0.367



Coronary artery - - - 1.67 (0.78 -3.26)  1.59 (0.65 - 3.46)

disease (yes) 0.154 0.290

- - - 1.20 (0.52 -2.41)  1.08 (0.40 - 2.47)

Claudication (yes)
0.644 0.870

“Results for 1-unit increase. TResults for 1-SD increase.

Model A is the core model adjusted for age, sex, and years of education. Model B, C, and D all build upon model A by additionally
including nighttime sleep factors (B), co-morbidities (C), and cardiovascular diseases and risk factors (D), respectively. Model E
is the full model with all covariates adjusted.

CI = confidential interval; HR = hazard ratio; SD = standard deviation



Table S3. Dichotomized napping characteristics and incident heart failure.

Variables HR (95% CI), HR (95% CI),
p value p value

Age” 1.04 (1.01 -1.07) 1.03 (1.00 - 1.07)
0.016 0.041

Sex (female) 0.93 (0.56 - 1.54) 0.93 (0.57 - 1.59)
0.765 0.787

Education® 0.94 (0.87 - 1.01) 0.94 (0.87 - 1.01)
0.081 0.083

Longer nappers 1.73 (1.11 - 2.69) -
0.014

Frequent nappers - 2.20 (1.41- 3.46)

0.001

*Results for 1-unit increase.

CI = confidential interval; HR = hazard ratio



Table S4. Sensitivity analyses results within subjects who were cognitively intact at

baseline.

Variables HR (95% CI), HR (95% CI),
p value p value

Age” 1.04 (1.01 - 1.08) 1.04 (1.01 - 1.08)
0.016 0.023

Sex (female) 1.06 (0.60 - 1.99) 1.08 (0.62 - 2.03)
0.846 0.795

Education® 0.93 (0.86 - 1.01 0.93 (0.85-1.01)
0.090 0.077

Nap duration (square root 1.39 (1.09 - 1.75) -

transformed)* 0.009

Nap frequency (square root -

transformed)*

1.45 (1.14- 1.83)

0.003

*Results for 1-unit increase. tResults for 1-SD increase.

CI = confidential interval; HR = hazard ratio; SD = standard deviation



Table S5. Nighttime sleep duration and incident heart failure.

Variables HR (95% CI),
p value

Age’ 1.05 (1.02 - 1.08)
0.004

Sex (female) 0.92 (0.57- 1.58)
0.762

Education” 0.94 (0.87 - 1.01)
0.077

Total nighttime sleep duration” 0.91 (0.78 - 1.07)
0.261

*Results for 1-unit increase.

CI = confidential interval; HR = hazard ratio



Table S6. Objective measures of daytime napping duration, nighttime sleep duration,

and incident heart failure.

Variables HR (95% CI),
p value

Age’ 1.04 (1.01 - 1.07)
0.014

Sex (female) 0.93 (0.57 - 1.59)
0.780

Education” 0.94 (0.87 - 1.01)
0.089

Nap duration (square root 1.44 (1.16 - 1.78)

transformed)* 0.001

Total nighttime sleep duration® 0.88 (0.75 - 1.04)
0.143

Nap duration (square root 0.99 (0.96 - 1.02)

transformed) x Total nighttime sleep 0.670

duration

*Results for 1-unit increase. tResults for 1-SD increase.

CI = confidential interval; HR = hazard ratio; SD = standard deviation



Table S7. Objective measures of daytime napping duration, longer nocturnal sleeper,

and incident heart failure.

Variables HR (95% CI),
p value

Age’ 1.04 (1.00 - 1.07)
0.025

Sex (female) 0.90 (0.55 - 1.53)
0.674

Education” 0.94 (0.87 - 1.01)
0.081

Nap duration (square root 1.39 (1.12-1.72)

transformed)* 0.004

Night sleep = 6 hours (yes) 1.02 (0.62 - 1.57)
0.999

Nap duration (square root 0.97 (0.87 - 1.09)

transformed) x Night sleep = 6 hours 0.642

*Results for 1-unit increase. fResults 1-SD increase

CI = confidential interval; HR = hazard ratio; SD = standard deviation



Table S8. Daytime napping and total daily activity and incident heart failure.

Variables HR (95% CI), HR (95% CI), HR (95% CI),
p value p value p value
Age” 1.03 (1.00-1.07) 1.03(1.00-1.07) 1.04(1.00-1.07)

Sex (female)

Education”

Total daily activity

(square root

transformed)*

Longer nappers

Frequent nappers

0.034
0.95 (0.57 - 1.57)
0.828
0.93 (0.87 - 1.01)
0.070
1.22 (0.93, 1.59),

0.149

1.44 (0.86 - 2.40)

0.164

0.052
0.94 (0.58 - 1.60)
0.810

0.94 (0.87 - 1.01)
0.077

1.09 (0.83, 1.45)

0.535

2.00 (1.16- 3.44)

0.012

0.031
0.94 (0.57 - 1.57)
0.826
0.93 (0.86 - 1.00)
0.061
1.35 (1.06 - 1.70)

0.013

*Results for 1-unit increase. tResults for 1-SD decrease.

CI = confidential interval; HR = hazard ratio; SD = standard deviation



Figure S1. Number of awakenings and its correlations with sleep fragmentation index,

nap duration, and nap frequency.
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Figure S2. Napping characteristics highly correlated with total daily activity.
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