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Study Objectives: Heart failure has previously been linked to sleep disorders that are often

associated with frequent disturbances to human rest/activity patterns. We tested whether

fragmentation of sustained rest/activity patterns derived from actigraphic recordings at base-

line predicts incident heart failure in community-based elderly individuals.

Methods: We studied 1099 community-based elderly adults participating in the Rush

Memory and Aging Project who had baseline motor activity monitoring up to 11 days and

were followed annually for up to 14 years. Fragmentation was assessed using previously

validated indexes, derived from the probability of transitions once sustained rest or activity

has been established. Heart failure was recorded via a clinical interview during the annual

follow-up. Cox proportional hazards models were constructed to examine the relationship

between rest fragmentation index and incident heart failure. Covariates grouped in terms of

demographics, lifestyle factors and co-morbidities and cardiovascular risk factors/diseases

were included.

Results: Increased rest fragmentation (but not activity fragmentation) was associated

with higher risk for incident heart failure. Specifically, a subject with a rest fragmentation

at the 90th percentile showed a 57% increased risk of developing incident heart failure

compared to a subject at the 10th percentile in this cohort. This effect was equivalent to

that of being over a decade older. These observations were consistent after adjusting for

all covariates.

Conclusion: Increased rest fragmentation, a potential surrogate for sleep fragmentation, is

independently associated with a higher risk of developing heart failure in community-based

elderly adults during up to 14 years of follow-up. Further work is required to examine the

specific contributions from daytime napping versus nighttime sleep periods in the elderly, as

well as the underlying autonomic and cardio-dynamic pathways that may explain the effects

on heart function.
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Introduction
Heart failure (HF) remains a common condition in an aging population, with excess

morbidity and mortality, incurring significant public health costs.1,2 HF affects an

estimated 26 million people worldwide, resulting in more than 1 million hospita-

lizations annually in both the United States and Europe.2 Given that half of those

hospitalized patients die within five years,3 there is a pressing need to better identify

those in the community who are at increased risk of developing HF.
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At the same time, disturbances in rest periods (often

during sleep) are common in patients with HF.4,5

Mechanisms linking these disturbances and HF include mul-

tiple arousals, which can lead to fragmentation during sleep,

causing excessive sympathetic activation6 and, in turn, mod-

erate the renin-angiotensin-aldosterone system (RAAS) in

a maladaptive way.7,8 Over time, increased sympathetic acti-

vation is accompanied by maladaptive hypertension leading

to arteriolar and cardiac wall stress.9–12 The cumulative

effects from these frequent arousals from sleep, sympathetic

surges, higher blood pressures, and repetitive 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.

While there have been strong links between sleep-

disordered breathing (SDB) and incident HF,13–15 these dis-

orders, including sleep apnea (SA), remain underdiagnosed,

and may not fully capture the extent of sub-clinical sleep

arousals experienced by elderly adults prior to the diagnosis

of HF.14,16 There remains a paucity of studies on the long-

itudinal role of objectively measured sleep function in elderly

adults at risk of developing HF. This is due, in part, to

reliance on formal clinical diagnoses by sleep specialists,

and often requires polysomnography. These are often in

short-supply, costly, and time-consuming, thereby limiting

the number of community dwellers that can be screened.14

Recently, analytical approaches have been successfully

implemented with continuous motor activity data to study

rest/activity patterns to infer sleep-wake behaviour.17–19

Activity monitors can be worn unobtrusively on the wrist

without disruption to sleep and normal daily activities in

elderly adults in community-based settings. This has the

advantage of reaching those who may be medically under-

served to capture continuous rest and activity metrics. Given

that retired, elderly community dwellers are more likely to

have a mixture of rest and activity periods regardless of time

of day, we were interested in quantifying the extent to which

baseline fragmentation to rest and activity periods affect

heart failure risk in future. We analyzed data from 1099

elderly participants from the Rush Memory and Aging

Project (MAP).20 Subjects were followed for up to 14 years

after baseline assessment of rest/activity fragmentation.

Methods
Study Design
Data were derived from the MAP, an ongoing prospective,

observational cohort study conducted at the Rush Alzheimer’s

Disease Center, Rush University Medical Center.20 Starting in

1997, subjects were recruited from over forty residential facil-

ities across the metropolitan Chicago area (including subsi-

dized senior housing facilities, retirement communities,

retirement homes, social service agencies, and church groups).

In 2005, a watch-like device was introduced to record daily

movement/motor activity.21 Participants were enrolled into

detailed annual clinical evaluations that were performed at

home to reduce participant burden and enhance follow-up

participation. The protocol of the parent MAP study was

approved by an Institutional Review Board (IRB) of Rush

University Medical Center and conducted in accordance with

the Declaration of Helsinki. Written informed consent was

obtained, and all participants signed a repository consent to

allow their data to be repurposed. More information regarding

the data can be found at www.radc.rush.edu. The protocol for

this current study was approved by the Partners Healthcare

Inc. IRB.

Participants
Through 2019, 1291 participants without HF had com-

pleted baseline rest/activity monitoring. Criteria of exclu-

sion were participants who did not have at least one

follow-up visit reporting the HF status (N = 93), or were

missing either age information at baseline or HF inci-

dence, precluding an estimation of time to event (total

N = 99). This left 1099 participants for analysis in this

study (age at baseline: mean (SD) 80.7 (7.4); range

56–100 years old, female: 837).

Data Collection and Preprocessing
The activity monitor (Actical, Philips Respironics, Bend,

OR) was worn on the non-dominant wrist continuously for

about 10 days at baseline. Figure 1 shows two typical record-

ings of motor activity lasting for 7 days used in the study.

This device measures acceleration in a direction parallel to

the face of the device with a continuous 32 Hz sampling

frequency and integrates into proprietary counts, in 15-

second epochs (ie, activity data), via a built-in data processor,

that reflect the amplitude of movement.22

Assessment of Rest and Activity

Fragmentation
The activity recordings were used to quantify fragmenta-

tion using previously published methodology.23–25 In brief,

fragmentation is characterized by probabilities of transi-

tions between binary states of rest and activity. For
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example, fragmentation index, kRA represents

a probabilistic state transition from rest-to-active (RA),

expressed as a percentage (0–100). kRA is extracted from

runs of rest longer than a value t, where t is empirically

extracted from a given individual’s RA probability versus

their run duration curve. The t represents the duration at

which the RA probability drops to a minimum; for most

participants, this was approximately 5 mins. Conversely,

kAR represents a probabilistic state transition from active-

to-rest (AR), also expressed as a percentage (0–100). The

higher the indexes the more quickly sustained bouts of

rest/activity end in the opposite state and hence the greater

the degree of fragmentation.23 Of note, indexes were rela-

tively insensitive to choice of thresholds defining activity

type (ie, rest vs movement).23 Since calculations are based

on the entire record, both indexes consider fragmentation

irrespective of time of day. However, it has been shown

that kRA is dominated by periods of greatest inactivity,

which are most likely sleep periods, and for the majority

of individuals this is at night.23,24 Typical patterns of

actigraphy recordings with high vs low (90th vs 10th

centiles) kRA are shown in Figure 1.

Annual Assessment of Incident Heart

Failure
History of HF is derived from annual clinical interviews.

At baseline, 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 failure?”. If

so, new incidence was reflected in the dataset starting from

that visit onwards.

Assessment of Covariates
In addition to age, sex, and education years, we grouped

covariates in terms of lifestyle factors and co-morbidities

[body mass index (BMI), alcohol, cognition, depression,

anxiety, insomnia, urinary conditions, and thyroid disease]

and finally, cardiovascular risk factors/diseases [smoking,

hypertension, diabetes, cholesterol, coronary artery disease

(CAD), and claudication]. Age at time of actigraphy assess-

ment was calculated using years elapsed since self-reported

date of birth. Education years, BMI, smoking (never/ex/

current), and alcohol use (none/>1 drinks per week) were

recorded during the initial interview. We controlled for mean

total daily activity to exclude the possibility that any

observed associations may result from differences in activity

time per day. Mean total daily activity, expressed in thou-

sand counts per day, was calculated from each activity

recording by taking the total sum of all activity counts in

each recording and dividing by the total number of days.

Medications (taken/not taken) were inspected and coded

using the Medi-Span system (Medi-Span, Inc.). Presence/

absence of co-morbidities at activity baseline were deter-

mined at interview. We coded for presence of urinary con-

ditions [urinary incontinence/spasms, benign prostatic

hypertrophy (BPH), or associated medications], which may

confound results related to nighttime awakening.

Participants were considered to have diabetes, hypertension,

or thyroid disease if they were taking medications or

Figure 1 Rest/activity recordings. The recording on the left panel was from a female subject of 81 years old with a high sleep fragmentation index kRA (3.4%, the 90th

percentile). This subject developed HF at the third follow-up visit. The recording on the right panel was from a similar female subject of 81 years old but with a low sleep

fragmentation index kRA (2.0%, the 10th percentile). This subject had also been followed for three years but had not developed HF. The time-axis is on a 24-hr scale starting

at 9:00 AM and ending at 9:00 AM of the following day. Gray-shaded area highlights a common sleep period between 10:00 PM and 6:00 AM.
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endorsed a diagnosis on interview. Depressive symptoms

were assessed with a 10-item version of the Center for

Epidemiologic Studies-Depression Scale and cognition was

assessed using a composite score representing global cogni-

tion constructed from z-scores of 17 cognitive tests.20

Statistical Analysis
Three Cox proportional hazards models were used to assess

the relationship between rest fragmentation index, kRA and

incident HF – the first occurrence of diagnosis reported by

the participants. The initial model controlled for age, sex,

education years and total daily activity (Model A).

A subsequent model adjusted for lifestyle factors and co-

morbidities including body mass index (BMI), alcohol, cog-

nition, depression, anxiety, insomnia, urinary conditions,

and thyroid disease that may affect both sleep and HF risk

(Model B). A full final model included baseline cardiovas-

cular risk/disease variables (Model C). The Efron approx-

imation was applied to account for ties resulting from

grouped-survival data as well as scaled Schoenfeld residual

plots to confirm the proportional hazards assumption. All

statistical analyses were performed using JMP Pro (Ver. 13,

SAS Institute, Cary, NC, USA). Statistical significance was

determined at an alpha level of 0.05.

Results
Clinical characteristics of the 1099 participants included in

this study are summarized in Table 1. The mean age (SD) was

80.7 (7.4); range 56–100 years old. During a mean follow-up

of 6.1 years [standard deviation (SD): 3.6, range: 1–14], 80

participants (7.3% of 1099) developed HF. Rest/activity data

were recorded for 9.3 days (SD: 0.9) on average (see Figure 1

for typical recordings). The mean fragmentation values for

kRA and kAR were 2.77 (SD: 0.7; range: 1.55–8.24) and 7.26

(SD: 4.0; range: 1.10–44.3), respectively. There was a weak

correlation between kRA and kAR (r2 = 0.005, p = 0.015).

Rest fragmentation, kRA, was associated with incident

HF using a Cox proportional hazards model adjusted for

demographics (age, sex and years of education) and physical

activity/rest (Table 2; Model A). Specifically, for a 1-SD

increase in kRA, the hazard ratio (HR) of developing HF was

1.26 [95% confidence interval (CI): 1.06–1.48, p = 0.01].

The effect size is equivalent to that of being 5.2 years older

in age. The effect of kRA on incident HF did not vary by age

or sex (p’s > 0.05 for both interaction terms).

To put these results into context, we show model predic-

tions for incident HF for two individuals with high (90th

percentile) and low (10th percentile) rest fragmentation

(Figure 2). The participant with rest fragmentation at the

90th percentile showed a 57% increased risk of developing

incident heart failure compared to the participant with

a lower rest fragmentation at the 10th percentile; the effect

size in this case is equivalent to over a decade increase in age

(10.3 years). After adjusting for lifestyle/co-morbidities, we

did not find a significant change in the relationship between

kRA and risk for incident HF (Table 2; Model B). Finally,

Model C adjusted for all available cardiovascular risk factors

or diseases; the relationship between rest fragmentation kRA
and risk for incident HF was weaker but remained significant

(Table 2; Model C). For a 1-SD increase in kRA, HR = 1.21

(95% CI: 1.02 −1.46; p = 0.03). See Supplemental Table S1

for full model results involving kRA. Note that excluding

those scoring lower than 24 out of 30 on MMSE (n=97), an

accepted standard for screening mild cognitive impairment

and beyond per the Alzheimer’s Association, kRA remained

predictive (HR = 1.21, 95% CI: 1.01–1.45, p = 0.037). No

relationship was seen between activity fragmentation kAR
and HF.

Table 1 Baseline Characteristics of Study Subjects (N = 1099)

Demographics and physical activity

Age (years) 80.7 (7.4)

Female (%) 76.2

Education (years) 15.1 (3.0)

Total daily activity (count, ×105) 16.5 (9.7)

Lifestyle factors and co-morbidities

Body mass index (kg/m2) 27.3 (5.3)

Alcohol, at least 1 drink per week (%) 50.4

Global cognition 0.08 (0.6)

Depression symptoms 1.0 (1.6)

Anxiety medication use (%) 6.4

Insomnia medication use (%) 8.4

Urinary conditions (%) 40.6

Thyroid disease (%) 30.0

Cardiovascular risk factors/diseases

Smoking (%) 40.5

Hypertension (%) 64.5

Cholesterol medication use (%) 38.5

Diabetes (%) 19.2

Coronary artery disease (%) 14.1

Claudication (%) 8.9

Notes: Data expressed as a count, mean (SD) or percentage (%). Alcohol (1 or

more drinks per week), depressive symptoms were assessed with a 10-item version

of the Center for Epidemiologic Studies-Depression Scale. Urinary conditions

(urinary incontinence/spasms, benign prostatic hypertrophy or diuretic use).

Smoking (percentage who are current or ex-smokers). Participants were consid-

ered to have diabetes, hypertension, or thyroid disease if they were taking medica-

tions or endorsed a diagnosis on interview.
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Discussion
In this study of 1099 elderly individuals, we present evi-

dence that baseline assessment of a quantitative measure

for disruption to rest periods (kRA) is associated with an

elevated risk of developing HF during up to 14 years of

follow-up; the effect of rest fragmentation could not be

accounted for even after extensive consideration for daily

activity, chronic medical conditions, medications, nor car-

diovascular risk factors.

We previously reported an association between kRA and

Alzheimer’s disease/cognition,25,26 but this is the first known

link to HF. This may not be surprising given that there is

increasing evidence for overlap in shared cardiovascular risk

factors in defining optimal brain and heart health, and calls for

closer examination by both the American Heart/Stroke

associations.27 In fact, we recently found links between kRA

and cerebral atherosclerosis/infarcts on post-mortem in the

same population,28 although it remains unclear which pro-

ceeded the other (ie, reverse causation), or whether they devel-

oped in parallel. However, our longitudinal study design and

consideration for extensive covariatesmake it likely that higher

rest fragmentation preceded self-reported HF in this cohort.

Standard actigraphic metrics such as total daily activity,

circadian amplitude, interdaily stability, and intradaily varia-

bility were previously shown to correlate with kAR.
23 We

should note that people with poor nighttime sleep may com-

plain about daytime sleepiness or fatigue, both are quite com-

mon phenomena in people with HF and may appear prior to

the incidence.5 Our observed correlation between kRA and kAR
was weak but may suggest that rest fragmentation is

a consequence of fragmented nighttime sleep. For the predic-

tion of HF, the effect of kRA remained significant after adjust-

ment for the percentage of rest period while kAR had no effect

on incident HF. Thus, it is unlikely that kRA reflects an effect of

lowered daytime activities due to sleepiness or fatigue; rather,

it may carry information mainly related to nighttime sleep

problems, or attributes of rest/activity organization not cap-

tured by published actigraphic measures.23 While kRA has

been shown to be dominated by periods of greatest inactivity,

which are most likely sleep periods, and for the majority of

individuals this is at night,23,24 it is only an estimation of sleep

fragmentation per se. This is also calling for more nuanced

sleep wearables to be developed that can better distinguish the

relationship between sleep, rest period, and risk for HF.

The results also remained significant after controlling for

important situational and/or behavioral confounders for kRA
such as frequent arousals from nocturnal micturition second-

ary to diuretics, or benign prostatic hypertrophy (Table 2,

Model B). The hazard ratio was attenuated after controlling

for cardiovascular risks/diseases but remained significant

(Table 2, Model C). Potential mechanisms linking kRA and

HF include the possibility of multiple arousals causing exces-

sive sympathetic activation,6 which in turn moderates the

Figure 2 Predicted risk over time for HF from Cox proportional hazards models.

The predicted cumulative hazard for incident HF in two representative participants

whose sleep fragmentation were high (kRA = 3.4%, the 90th percentile solid line)

and low (kRA = 2.0%, the 10th percentile dashed line).

Table 2 Fragmentation Indexes, kRA (Rest-to-Activity) and kAR (Activity-to-Rest) with Incident Heart Failure

Model kRA kAR

HR 95% CI p-value HR 95% CI p-value

A + daily activity 1.26 (1.06 to 1.48) 0.01 1.07 (0.80 to 1.35) 0.60

B + lifestyle/co-morbidities 1.24 (1.04 to 1.48) 0.01 0.88 (0.61 to 1.26) 0.48

C + CVD risk and diseases 1.21 (1.02 to 1.46) 0.03 0.89 (0.61 to 1.31) 0.56

Notes: Cox proportional hazards model of baseline measurements. All models included age, sex and education. Model A: HRs (hazard ratios) for incident HF (heart failure)

with total daily activity. Model B was adjusted for depression symptoms, global cognition, antianxiety medication use, insomnia medication use, thyroid disease, alcohol (1 or

more drinks per week) and urinary conditions (incontinence/spasms, benign prostatic hypertrophy, diuretic use or associated medications). Model C was further adjusted for

smoking, hypertension, cholesterol medication use, diabetes, coronary artery disease and claudication.

Abbreviations: HR, hazard ratio, CI, confidence interval.
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renin-angiotensin system in a maladaptive way.7,8 One key

factor is the link between sleep-disordered breathing (SDB)

and incident HF.13–15 For example, there is a high prevalence

of sleep apnea (SA) in individuals with HF.16,29 Unfortunately,

SA remains underdiagnosed due to a reliance on trained

specialists and sleep studies. Reassuringly, the results remain

significant after controlling for BMI and presence of high

blood pressure, highly prevalent in those with SA.

Despite these results, the exact temporal relationship

between HF, SDB and rest fragmentation remains unclear.

kRA may represent a broader measure of sub-clinical pat-

terns of sleep/rest behavior in elderly community adults,

and/or a less advanced form of SDB that may better

capture the extent of sleep arousals experienced by elderly

adults prior to the diagnosis of HF.14,16 Even though our

results clearly show that high kRA precedes incident HR by

many years, it is possible that kRA represents sub-clinical

heart failure instead, which was unfortunately not assessed

at baseline. The extent to which these relationships are

causal remains unknown, but to the extent that they are,

improvements in sleep may help reduce incidence HF and

should be studied in prospective clinical trials.

Strengths of this study include the long-term annual

follow-up in a large cohort of community-dwelling adults.

Objective, non-intrusive measures of rest fragmentation

were obtained over relatively long periods of time (around

10 days) that avoided confounding seen in self-reported

sleep measures, minimized the effects of variability from

one day to another, and avoided disruption to community

dwellers’ natural sleep environment, potentially encoun-

tered with polysomnography. Furthermore, we were able

to adjust for an extensive set of covariates including co-

morbidities and medications, as well as cardiac risk factors

associated with HF.

Amongst several limitations of the current study, this is an

observational study that prevents firm conclusions regarding

causality of associations found. There may still be unmea-

sured co-morbidities that theoretically affect both predictor

and outcome including SA. The majority of this cohort were

elderly women due to the age group and voluntary nature of

participation; this limits generalizability to a more general or

younger population. Quantitative methods have recently been

sought to best characterize physiological data,30–34 including

sleep behaviour.35,36 The challenge has always been to extract

meaningful and physiologically relevant insight into the

underlying biological trait of interest.37 In this case, kRA is

derived from a model that attempts to approximate true rest/

activity states using detection of transitions. Without proper

assessment of sleep using polysomnography, kRA remains an

approximation of the likelihood of disruption to rest periods.

We are cautious to assume that runs of movement are likely to

represent wakefulness, and long runs of rest are likely to

represent sleep, short runs of rest may represent either quiet

wakefulness or light sleep.23–25 While others have shown

good concordance between actigraphy-derived kRA and rest

fragmentation derived by polysomnography,25,38 much cau-

tion is still needed during interpretation.25 Future work will

involve accurately separating sleep and wake periods,

accounting for daytime napping for example, and whether

fragmentation is tied to circadian consequences that can par-

tially explain these findings.

There are however, well-documented challenges to this,

and in particular the usage of our specific actiwatch (Actical).

Specifically, Weiss Allison et al compared PSG with Actical

and found a 70% concordance but with half an hour difference

in total sleep time per night for Actical.39 Additionally, while

valid estimates of steps at moderate and high speeds were

shown,40,41 the Actical may underestimate counts during

slower walking, which becomes particularly relevant when

discussing studies involving elderly populations in free-living

environments.42 In theory, this may affect daytime activity

fragmentation more than rest fragmentation which is more

reliant on a run of activity after sustained inactivity. It remains

to be tested whether the seemingly higher threshold of speed

of walking needed to register counts can lead to the Actical

failing to register more subtle motions during prolonged rest,

and thus, artificially lower kRA. With this potential under-

estimation for rest fragmentation, effect sizes we found link-

ing kRA and HFmight be actually smaller than reality. Further

work will be needed to untangle these relationships.

One major confounder is sleep apnea (SA), a common

medical condition that is highly associated with cardiovas-

cular diseases, including HF.12,29 Unfortunately, MAP did

not start collecting SA risk scores (Berlin Questionnaire)

until 2013. With only 266 MAP participants having SA risk

scores, we did not find a link between SA risk and kRA
(p > 0.05); MAP has now begun collecting SA data with

a separate sleep device. Besides, the reliance on the Berlin

questionnaire may not be sufficient to tease out the potential

causal chain of subclinical heart failure leading to sleep

apnea and rest fragmentation.43 For example, others have

shown that sleep apnea resulting in heart failure can be

both central and obstructive in nature, whereas the Berlin

Questionnaire focusses on snoring, a more obstructive sign.43

The consensus remains mixed on the causal chain of

events. Central SA associated with Cheyne-Stokes respiration
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predicts incident HF; and among patients with HF, it strongly

predicts mortality.16,29 SA is also associated with daytime

sleepiness and fatigue, likely due to fragmented sleep from

recurrent arousals.12Yet, recent studies have been inconclusive

as to whether sleep fragmentation itself leads to altered cardiac

function.44 Perhaps the most accepted pathogenic mechanism

linking SA, sleep fragmentation and HF, is the well-

documented occurrence of hypertension over time leading to

suppressed cardiac function.12 In augmented models, we did

control for hypertension and obesity (via BMI), two major

factors in SA risk assessments, and the results remained sig-

nificant. Gradually, the cumulative effects of frequent arousals

from sleep, sympathetic surges, cardiac wall stress from higher

blood pressures, and low oxygen levels, compound to

adversely affect cardiac function. These potentially have intri-

guing epigenetic consequences resulting from novel molecular

pathways. For example, Freitas et al showed that severe

obstructive SA was independently associated with

microRNAs that have been implicated in heart failure.45

Individuals with subclinical heart failure at baseline that were

not formally diagnosed using echocardiograms and individuals

with undiagnosed sleep apnea could have impacted our find-

ings using the three models. Future data points on such as

echocardiography results, biochemistry, such as brain natriure-

tic peptide, or clinical documentation would strengthen the

quality of HF diagnosis. Certainly, future studies are required

to better account for SA and its directs effects on clinical

markers of suppressed cardiac function leading to HF.

Finally, despite the explicit clinical interviews, as per

the design of the MAP study, self-report of HF can be sub-

optimal as it relies on recall, which can diminish with age.46

While we did control for global cognition at baseline, there

is likely underreporting of true incidence due to education,

degree of involvement in their own care, and poor recall or

understanding of clinical terms. The nature of this cohort is

such that self-recall by participants is relied upon yearly for

all outcomes, medication taken and new medical condi-

tions. Even though nurses are trained to explain the concept

of heart failure, misunderstandings are inevitable in such

a large cohort. Reassuringly, after excluding those with an

MMSE less than 24 (n = 97), an accepted standard for

screening mild cognitive impairment through to severe

forms of Alzheimer’s dementia per the Alzheimer’s

Association, kRA remained predictive. In the future, hos-

pital admissions for fluid overload (ie, pulmonary edema)

or low cardiac output (ie, cardiogenic shock) would also

arguably warrant a formal diagnosis of HF, and we will

have the opportunity to improve misclassification using

medications and clinical records of HF obtained from

Medicare records.

This study presents evidence that rest fragmentation is

independently associated with the development of incident

HFduring up to 14 years of follow-up. Furtherwork is required

to examine the underlying autonomic and cardio-dynamic

pathways affected by rest fragmentation that may explain

their effects on heart function. Ideally, a follow-up study

would also acquire baseline quantitative measurements of

heart failure via echocardiograms, measurements of baseline

sleep apnea indexes with periodic longitudinal follow-ups and

definitive heart failure outcomes statistics. This will require

collaboration among sleep medicine, cardiology and clinical

trial communities to test whether improving general sleep

continuity in the elderly community can truly reduce the risk

for progression to HF and its associated morbidity and mortal-

ity burden.
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