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Background

Hospitalizations for heart failure are associated with a high post-discharge risk for mortality. Identification of modifiable
predictors of post-discharge mortality during hospitalization may improve outcome. Sleep disordered breathing (SDB) is
the most common co-morbidity in heart failure patients.
.....................................................................................................................................................................................
Design, setting, Prospective cohort study of patients hospitalized with acute heart failure (AHF) in a single academic heart hospital.
and participants Between January 2007 and December 2010, all patients hospitalized with AHF who have left ventricular ejection fraction
(LVEF) ≤ 45% and were not already diagnosed with SDB were the target population.
.....................................................................................................................................................................................
Main outcomes Patients underwent in-hospital attended polygraphy testing for SDB and were followed for a median of 3 years post-discharge. Mortality was recorded using national and state vital statistics databases.
and measures
.....................................................................................................................................................................................
Results
During the study period, 1117 hospitalized AHF patients underwent successful sleep testing. Three hundred and fortyfour patients (31%) had central sleep apnoea (CSA), 525(47%) patients had obstructive sleep apnoea (OSA), and 248 had
no or minimal SDB (nmSDB). Of those, 1096 patients survived to discharge and were included in the mortality analysis.
Central sleep apnoea was independently associated with mortality. The multivariable hazard ratio (HR) for time to death
for CSA vs. nmSDB was 1.61 (95% CI: 1.1, 2.4, P ¼ 0.02). Obstructive sleep apnoea was also independently associated
with mortality with a multivariable HR vs. nmSDB of 1.53 (CI: 1.1, 2.2, P ¼ 0.02). The Cox proportional hazards
model adjusted for the following covariates: LVEF, age, BMI, sex, race, creatinine, diabetes, type of cardiomyopathy, coronary artery disease, chronic kidney disease, discharge systolic blood pressure ,110, hypertension, discharge medications, initial length of stay, admission sodium, haemoglobin, and BUN.
.....................................................................................................................................................................................
Conclusions
This is the largest study to date to evaluate the effect of SDB on post-discharge mortality in patients with AHF. Newly
diagnosed CSA and OSA during AHF hospitalization are independently associated with post-discharge mortality.

----------------------------------------------------------------------------------------------------------------------------------------------------------Keywords

Heart failure † Sleep disordered breathing † Sleep apnoea † Post-discharge mortality

Introduction
Heart failure (HF), a leading cause of morbidity and mortality in the
developed world, continues to increase in incidence.1,2 The mortality
rates of HF remain largely unchanged despite several advances in the
management of cardiovascular disease.3,4 Hospitalizations for acute
heart failure (AHF) account for a significant portion of the human
and economic burden of HF.3
Attention focused in recent years on determining predictors of HF
mortality and readmissions in order to trigger targeted interventions

for high-risk patients. Several predictors have been identified, most of
which are non-modifiable demographic, physiological, or functional
factors. Interventions that are likely to improve outcomes such as
guideline medical therapy, disease management programs, and
early post-discharge follow-up are already part of the current standard of care. Identification of new modifiable risk factors may provide
an opportunity to decrease mortality.5 – 10
Sleep disordered breathing (SDB) is the most common comorbidity in patients with HF.11 Sleep disordered breathing is
associated with neurohumoural and clinical perturbations that can
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decompensate stable HF.12,13 The negative impact of SDB might be
most pronounced during AHF hospitalizations and in the immediate
post-discharge period. We recently found that newly diagnosed SDB
during hospitalization for AHF is a novel independent predictor of HF
readmissions.14 From this background, we hypothesized that SDB
would be an independent predictor of post-discharge mortality as well.

Methods
All patients who were hospitalized at the Ohio State University (OSU)
Ross Heart Hospital with an admission diagnosis of heart failure between
January 2007 and December 2010 were targeted for enrolment. Only HF
patients with reduced left ventricular ejection fraction (LVEF ≤ 45%)
(HFrEF) were included in this study. Acute heart failure was defined
according to the standard clinical guidelines as having a chief complaint
of dyspnoea or fatigue, and at least one sign and one symptom of elevated
left ventricular pressure. Sleep study orders are part of the electronic
admission order set for heart failure at the OSU Ross Heart Hospital
and are performed regardless of any screening or risk factors for SDB.
Patients who were already diagnosed with SDB or were on treatment
did not receive the in-hospital sleep study. Figure 1 details the disposition
of AHF patients in the study and describes the screening and testing
process.

Sleep studies and group definitions
The in-hospital sleep studies were attended cardiorespiratory studies
(Stardust II, Respironics, Inc.) that measure respiratory effort, oxygen saturation, nasal flow, and pulse rate. Cardiorespiratory polygraphy is widely
used for the diagnosis of obstructive sleep apnoea (OSA) and central
sleep apnoea (CSA) in patients with HF.11,15,16 We have reported on
our validation of in-hospital testing in AHF patients and its high positive
predictive value (.90%) for the persistence of OSA17 and CSA14
against polysomnography done in the stable outpatient state. Trained
night shift nurses who noted the patients’ visual sleep and wakefulness
and any interruptions to sleep attended the in-hospital sleep studies.
The nurse also ensured the integrity of the recording by checking and
reapplying leads as needed. Patients were considered for the sleep
study starting on the second night of hospitalization. The sleep studies
were not done on patients who are unstable, moderately hypoxic
(oxygen saturation ,87% on room air), haemodynamically unstable,
or unable to sleep in ,308 position. Attempts were made on subsequent
nights during the hospitalization to perform the sleep studies when these
patients became more stable. Studies were interrupted or terminated if
the patient became unstable. Segments of the study that included simultaneously more than one missing signal were subtracted from the recording time. An intact effort signal was required for any segment to be
interpretable. Respiratory event scoring and classification of OSA and
CSA were according to standard clinical criteria18 and used oxygen desaturation cut-off of 3% for hypopneas (no arousal criterion is used). An AHI
cut-off of 15 events/hour was selected for the in-hospital study to mitigate against the expected increase in respiratory control instability and
oxygen desaturation during the AHF episode. Patients with AHI , 15
were classified as having minimal or no SDB (nmSDB) and served
as the control group for the SDB patients. Two technicians and one
Sleep Physician who were blinded to the clinical status of the patient
performed the scoring and interpretation.

Outcomes
A registry of all patients who underwent the sleep study during hospitalization was established in 2007 to evaluate the effect of SDB on postdischarge outcomes. The primary outcome was post-discharge all-cause
mortality. Demographic information on all hospitalized AHF patients
who underwent a successful recording was stored in a database by a
research coordinator without knowledge of the SDB status. The
OSU-Information Warehouse (OSU-IW), which interfaces with the
electronic medical record and national and state vital statistics provided
mortality, readmissions, and dates of last encounter on all patient in the
registry. The data were entered separately by a coordinator blinded to
the SDB status. Another coordinator added demographic and SDB
status by searching the OSU Sleep Heart Program server for the
reports of the sleep studies. The demographic and outcome data were
combined by the OSU Center for Biostatistics into one database.
A close out date was predetermined for July 31, 2013 for the whole database. The close out date was used to establish censored follow-up time for
all patients who remained alive according to the databases. Patients who
had no post-discharge outpatient or readmission data in the OSU-IW
after discharge were ,10% (23 (7%) with CSA, 39 (7%) with OSA, and
26 (10%) with nmSDB. These patients were still included in the primary
mortality analysis, since it depended only on the vital statistics.
The study protocol was approved by the OSU Institutional Review
Board [2007H0043 and 2007H0055]. This study complies with the
Declaration of Helsinki.

Follow-up procedure and classification
of patients by treatment status
In-hospital sleep testing was instituted by the OSU Sleep Heart Program as a
clinical screening program in 2005. Patients and physicians were aware that
the purpose of the in-hospital sleep studies was screening andthat follow-up
was to be arranged in the outpatient setting if the studies were positive for
SDB. All patients who tested positive for SDB were informed of their diagnosis prior to discharge and were provided follow-up appointments at the
OSU Sleep Center prior to their discharge. Patients were also sent reminder letters in the first year post-discharge. Some patients elected to follow-up
locally and others did not follow-up. In order to explore the relation
between treatment status and changes in the risk of post-discharge mortality, we classified patients as treated and untreated in the first year post discharge. Patients who were confirmed by download or Sleep physician
report to have been using the treatment device .4 h/night between 6
and 12 months post-discharge were classified as ‘treated’. Patients who
were classified as ‘untreated’ were patients who rejected device therapy;
were still in the process of obtaining and starting device therapy in the 6–
12 months post-discharge; or may have been on device therapy but the adherence was not verifiable by review of the records.

Statistical design and analysis
We described the baseline characteristics of the study population using
frequencies with percentages for categorical variables and means with
standard deviation (SD) for continuous variables. We planned a
primary hypothesis test that compared post-discharge all-cause mortality
of screen identified CSA patients with patients who screened negative
(nmSDB). We also planned to compare screen identified OSA patients
with the screen negatives. All analyses were performed using SAS 9.2
(SAS Inc., Cary NC, USA, 2009).
The comparisons were made within a Cox proportional hazards
model with time to death as the outcome. The model adjusted for a
set of covariates that were found previously to distinguish severity or
to predict negative outcomes in HF patients.7,19 The covariates used in
the model are listed in Table 1. Note that we used all variables with no
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left ventricular ejection fraction; in-hospital mortality on patients with completed sleep studies was 21 patients (6 CSA, 12 OSA, 3 negatives); 1096
survived the hospitalization.

selection process to ensure that the reported SDB effects could not be
explained by any of these measures of risk or severity. To adjust for
testing two hypotheses (CSA and OSA vs. nmSDB), we used Holms procedure,20 and so strongly controlled the overall type 1 error rate for the
two tests at a ¼ 0.05. Double-sided testing was used to generate
P-values. The sample size was determined to have at least 80% power
to detect a 60 – 70% increase in mortality for the CSA and OSA hypothesis tests. Sixty-three per cent of the patients were included in a previously published analysis of effect of CSA on 6 months readmissions only; but
mortality analysis was not done prior to this analysis; and mortality data
were not yet collected.14 In a sensitivity analysis, we applied the same Cox
proportional hazards model using time to last follow-up (outpatient visit
or readmission date) as the censoring time, rather than the study close
out date.
To explore whether treatment for SDB modifies the mortality rate, only
patients with at least 6 months survival post-discharge were included. This
ensured that patients in this exploratory analysis had the opportunity to
receive treatment. We fit a Cox proportional hazards model for mortality,
which included SDB group, treatment status, and the interaction between
SDB group and treatment status, along with all of the covariates from the
primary model. Parameter contrasts were constructed to obtain the
hazard ratios (HRs) vs. the nmSDB group.

Results
Patient characteristics
During the study period, interpretable studies were done on 1117
consecutive hospitalized patients with AHF and LVEF ≤ 45%. Of
these patients, 344 had CSA, 525 had OSA, and 248 had nmSDB.
In-hospital death occurred in 21 patients: 6 CSA (2%), 12 OSA
(2%), and 3 (1%) patients with nmSDB. These patients were excluded
from the post-discharge mortality analysis reported below.
Patients’ characteristics were similar to other large registries and
clinical trials of hospitalized HF patients.9 Group characteristics are
listed in Table 1. Most patients had decompensation of previously
recognized HFrEF, and a minority (n ¼ 36) had de novo AHF. The
most common causes of decompensation were arrhythmia, ischaemic events, and pneumonia. There were expected differences
among the groups in baseline characteristics including cardiac function, weight, and age that were consistent with previous reports of
patients with HF and SDB.11,17 As noted previously, all characteristics
listed in Table 1 were included as covariates in the proportional
hazards model reported below. The median follow-up time was
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Table 1

Comparison of characteristics among the three groups of patients with acute heart failure

Patient characteristic

Mean (SD) or n (%)

..................................................................................................................

CSA (n 5 344)

OSA (n 5 525)

nmSDB (n 5 248)

...............................................................................................................................................................................
#

Age

60.3 (14.7)

#

60.3 (13.0)^

54.6 (15.2)#^

281 (82%)*

381 (73%)*^

139 (56%)#^

Race
White

255 (75%)*

451 (86%)*

200 (82%)

Black

72 (21%)

63 (12%)

36 (15%)

Other

13 (4%)

10 (2%)

7 (3%)

229 (67%)#

342 (65%)^

126 (51%)#^

Dilated or non-ischaemic

77 (22%)

134 (26%)

86 (35%)

Others

38 (11%)

49 (9%)

36 (15%)

LVEF (%)
BMI (kg/cm2)

23.1 (10.4)*#
29.4 (7.7)*

26.3 (10.5)*^
31.7 (7.7)*^

29.5 (10.4)#^
29.0 (6.8)^

9.5 (12.5)#

9.0 (11.4)^

7.2 (8.0)#^

Atrial fibrillation (%)
Creatinine (mg/dL)

#

161 (53%)
1.44 (0.80)#

268 (51%)^
1.39 (0.80)^

94 (38%)#^
1.20 (0.67)#^

BUN (mg/dL)

25.7 (16.4)#

26.1 (17.0)^

20.7 (15.1)#^

9 (4%)*#

20 (6%)*^

14 (11%)#^

...............................................................................................................................................................................
Cardiomyopathy
Ischaemic

...............................................................................................................................................................................

Initial length of stay (days)

a

BNP (pg/L)
,50
50–99

7 (3%)

21 (6%)

14 (11%)

75 (31%)
152 (63%)

130 (38%)
175 (51%)

40 (32%)
57 (46%)

Coronary artery disease (%)

232 (68%)#

365 (70%)^

140 (56%)#^

Diabetes (%)

123 (36%)*

255 (49%)*^

Hypertension (%)
Discharge of ACEI or ARB (%)

164 (48%)
247 (72%)

284 (54%)
355 (69%)

Discharged on b-blockers (%)

305 (89%)

456 (88%)

214 (87%)

Discharged on diuretics (%)
Discharge SBP , 110 mmHg

206 (60%)#
177 (53%)

318 (62%)^
249 (48%)

125 (51%)#^
133 (55%)

100– 499
≥500

...............................................................................................................................................................................

Admission Na (mEq/L)
Admission haemoglobin (g/dL)

78 (31%)^
119 (48%)
176 (72%)

136.8 (3.4)

136.6 (3.0)

137.0 (2.7)

12.2 (1.9)

12.2 (2.4)

12.2 (1.9)

LVEF, left ventricular ejection fraction; BMI, body mass index; BNP, B-type natriuretic peptide; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; SBP,
systolic blood pressure.
a
n ¼ 714.
*P,0.05 between CSA and OSA groups.
#
P , 0.05 between CSA and nmSDB groups.
^P , 0.05 between OSA and nmSDB groups.

35.8 months (IQR 22.3–36.0 months). Table 2 includes the parameters of the in-hospital sleep study on all patients.

Effect of sleep disordered breathing
on post-discharge morality
Effect of central sleep apnoea on post-discharge mortality
Newly diagnosed CSA proved to be a risk factor for post-discharge
mortality. Figure 2 is the Kaplan –Meier survival curve comparing
SDB groups to nmSDB. The univariable HR for time to death over
36 months was 2.17 (95% CI, 1.5, 3.1), P , 0.001. For the primary
hypothesis test, the multivariable HR was 1.61 (95% CI: 1.1, 2.4)
P ¼ 0.02 (meeting the Holms first significance cut-off of 0.025)

Table 3 details the Cox proportional hazards models for time to
death over the 3-year follow-up for the three groups. Using the
sensitivity analysis with the date of last encounter instead of time
to death increased the multivariable HR slightly (HR ¼ 1.77).
The effect of CSA on mortality at 1, 2, and 3 years is reported in
Table 4.

Effect of obstructive sleep apnoea on post-discharge
mortality
Similar to CSA, OSA was an independent risk factor for postdischarge mortality. The multivariable HR for OSA vs. nmSDB was
1.53 (CI, 1.1, 2.2), P ¼ 0.02, also significant (Table 3). The effect on
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Table 2 Comparisons of in-hospital sleep study
parameters among the three groups
In-hospital
sleep study
parameter

Table 3 Cox proportional hazards models for time to
death, 36 month follow-up

Mean (SD)

.......................................................

CSA
(n 5 344)

OSA
(n 5 525)

nmSDB
(n 5 248)

................................................................................
AHI (events/h)
CAI (apnoea/h)
OAI (apnoea/h)

47 (16.3)#*
26 (14.6)#*
11.2 (8)#*

9.5 (4.3)#^
0.65 (1.5)#^

19 (14)^*

3.3 (2.8)#^

14 (0.7)^
29.6 (20)^

HYI (hypopnea/h)
3% desaturation
index (events/
hour)

10 (10)
41 (20)#*

Mean oxygen
saturation (%)

92 (8)#

91 (11)^

111.6 (106)#*

136 (118)^*

Time ,95%
saturation
(min)
Time ,90%
saturation
(min)
Time ,85%
saturation
(min)
Recording time
(min)

95.6 (3)#^

33 (61)^

11 (42) ^

9 (27)#

8 (26)^

4 (11)#^

329 (102.9)

318 (105)

OSA vs. nmSDB

Univariate

2.17 (1.5, 3.1)
P , 0.001

2.00 (1.4, 2.9)
P , 0.001

Multivariablea

1.61 (1.1, 2.4)
P ¼ 0.02

1.53 (1.1, 2.2)
P ¼ 0.02

................................................................................

a
Model included LVEF, age, BMI, sex, race, creatinine, diabetes, type of
cardiomyopathy, coronary artery disease, chronic kidney disease, discharge SBP ,
110, hypertension, discharge ACEI or ARB, discharge b-blocker, initial length of stay,
admission Na, admission haemoglobin, and BUN.

92(111)#^

#

30 (40)

.....................................................

CSA vs. nmSDB

#

5.6 (3.7) ^
8 (5.2)#^

Hazard ratio (95% confidence interval),
P-value

#

339 (99.8)

*P , 0.05 between CSA and OSA groups.
#
P , 0.05 between CSA and nmSDB groups.
^P , 0.05 between OSA and nmSDB groups.

months was 2.09 (1.5, 2.9) P , 0.001, and the multivariable ratio
was 1.57 (1.1, 2.2) P ¼ 0.01.

Exploration of a modification of the
mortality effect with sleep disordered
breathing treatment
In the first year post-discharge, 58 CSA patients and 103 OSA
patients were verified to have been on positive airway pressure
therapy with adequate adherence as defined above. Two hundred
and six patients with CSA and 337 patients with OSA were not confirmed to be on therapy by the end of the first year post-discharge and
were classified as untreated. Table 5 lists the comparisons in HRs
between the groups by treatment status and the reference nmSDB
group. Figure 3 is a survival plot of patients by treatment status.
Note that the SDB mortality effect for those in the untreated
group is more pronounced than those reported above for the
overall SDB groups and is absent in the subjects who elected treatment. This could be due to confounding as discussed below.

Other predictors of post-discharge
mortality

Figure 2 Kaplan– Meier post-discharge survival plot of acute
heart failure patients by sleep disordered breathing status. OSA, obstructive sleep apnoea. CSA, central sleep apnoea. nmSDB, no or
minimal sleep disordered breathing.

mortality was substantial in all of the 3 years of follow-up as noted in
Table 4 and Figure 2.
Over the 3-year follow-up, the unadjusted mortality rates were:
CSA 110 (34%), OSA: 153 (32%), and nm-SDB 40 (17%). Because
the HRs were similar for CSA and OSA, we obtained a combined
group HR, the SDB univariable HR for time to death over 36

The covariates used in the proportional hazards modelling for the
SDB effect are listed in Table 6. These covariates are similar to previously reported predictors of mortality post-discharge in large registries of HF admissions.7,19,21 We explored the SDB and gender
interaction and the BMI and SDB interaction effects on mortality
and both were not significant. We also explored whether using a
continuous measurement for systolic blood pressure (instead of
the dichotomy) changed the results, and it did not.

Discussion
This prospective, single-centre cohort study is the first evaluation of
the effect of SDB on post-discharge mortality in patients with AHF
and reduced LVEF. Furthermore, this report is the largest prospective
evaluation of the effect of SDB on mortality in HF patients. Newly
diagnosed CSA or OSA on a surveillance in-hospital sleep-testing
program are both independently associated with post-discharge
mortality in patients with systolic HF who are hospitalized for AHF.
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Kaplan–Meier cumulative mortality estimates at one-year intervals post-discharge

Months post-discharge

CSA

OSA

nmSDB

...............................................................................................................................................................................

a

1

15 (4%a; 3%, 7%)

12
24

72 (21%; 17%, 26%)
94 (28%; 23%, 33%)

88 (17%; 14%, 21%)
130 (25%; 22%, 30%)

21 (9%; 6%, 13%)
34 (14%; 10%, 19%)

36

110 (34%; 29%, 39%)

153 (31%; 27%, 36%)

40 (17%; 13%, 22%)

17 (3%; 2%, 5%)

3 (1%; 0%, 4%)

Percentages from the Kaplan –Meier curve with 95% confidence intervals.

Comparison

Hazard ratio*

P-value

................................................................................
CSA treated vs. nmSDB

0.79 (0.37, 1.7)

0.54

OSA treated vs. nmSDB

0.58 (0.29, 1.1)

0.12

1.9 (1.3, 2.9)
1.8 (1.3, 2.7)

0.001
0.001

CSA not treated vs. nmSDB
OSA not treated vs. nmSDB

*Model included LVEF, age, BMI, sex, race, creatinine, diabetes, type of
cardiomyopathy, coronary artery disease, chronic kidney disease, discharge SBP ,
110, hypertension, discharge ACEI or ARB, discharge b-blocker, initial length of stay,
admission Na, admission haemoglobin, and BUN.

Based on the multivariable models, these increased risks cannot be
explained by severity, demographics and any other baseline patient’s
characteristics listed in Table 1. Interestingly, exploratory analysis
based on treatment status suggests the association between SDB
and mortality is not persistent in the treated group. Compared
with the other predictors of post-discharge mortality and poor
outcome in HF, SDB is potentially treatable and may provide an opportunity to impact the outcome of HF hospitalizations.
Important studies have reported on independent relationship
between SDB and mortality in untreated patients with chronic
stable HF.22 – 24 This study was designed as a prospective cohort in
all hospitalized patients with AHF avoiding the potentially biasing
effect of referral to the sleep facility. The primary analysis of this
study included all patients regardless of their treatment status and
only explored the difference in the mortality experience between
patients who accepted and pursed treatment and the remainder of
the patients. The cause of death in the majority of patients was congestive HF, which can be related to dysrhythmic, or neurohumoural
complications of SDB as recently shown.12 The population of this
study is similar in characteristics and event rate to populations of
large registries and trials in hospitalized HF patients, making the findings immediately generalizable to clinical practice.21
The device (Stardust II) used in this study for the in-hospital identification and classifications of SDB is a limitation. The device uses one
effort belt resulting in a relatively large number of recording failures
(Figure 1). We mitigated this problem by direct observation by nurses
who replaced any displaced belts or sensors. In addition, the nurses
documented visual sleep resulting in improved detection of events.
We also were able to repeat studies on subsequent nights of hospitalization in patients with recording failure. Another consideration

Figure 3 Kaplan – Meier post-discharge survival plot of acute
heart failure patients by treatment status. The plot includes acute
heart failure patients who survived 6 months post-discharge and
had their treatment status verified.

in testing during the decompensation episode is that the occurrence
or severity of SDB may be increased by increased cardiac filling pressure.25 We have validated this technique, approach, and interpretation against outpatient polysmnography previously. Despite some
decrease in AHI on the outpatient polysmnography, the positive predictive value for SDB was excellent.14,17
The use of cardiorespiratory polygraphy instead of polysomnography for the detection and classification of SDB during the hospitalization is critical for providing a practical and generalizable method of
case finding in this high-risk population and setting.
The effect of treatment of either CSA or OSA on survival in HF
patients remains unknown. Exploratory analysis in this study suggests
that treated patients had survival similar to patients with nmSDB. Although it appears as if treatment eliminates the increased mortality
due to SDB, confounding effects associated with the type of patients
who seek SDB treatment could explain this result. Note also that
those classified as untreated could have received SDB treatment
after the first year, which means the untreated HRs could be conservatively biased. This observation supports the need for adequately
powered trials evaluating treatment effects on post-discharge outcomes. Pilot studies with adaptive servo ventilators demonstrate a
beneficial effect on outcomes of chronic HF.26 Powered trials addressing the effect of treatment of SDB on composite outcomes of
patients with stable HF are currently underway.27
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Table 6 Cox proportional hazards models for time to
death, 36 month follow-up of all covariables
HR (95% CI)*

P-value

CSA vs. nmSDB
OSA vs. nmSDB

1.61 (1.1, 2.4)
1.54 (1.1, 2.2)

0.02
0.02

LVEF

0.77 (0.6, 1.0)

0.06

AGE
BMI

1.46 (1.09, 1.94)
0.68 (0.51, 0.90)

0.01
0.01

Female vs. male

0.98 (0.7, 1.3)

0.86

Black vs. white
Other vs. white

1.61 (1.2, 2.2)
0.63 (0.2, 1.7)

0.004
0.37

Creatinine

0.88 (0.65, 1.2)

0.38

CKD
Diabetes

1.51 (1.1, 2.0)
1.16 (0.9, 1.5)

0.01
0.26

Cardiomyopathy, Ischaemic vs. other

1.20 (0.7, 2.0)

0.47

Cardiomyopathy, dilated vs. other
CAD

0.90 (0.5, 1.5)
1.25 (0.8, 1.90)

0.70
0.27

Initial SBP , 110

1.54 (1.2, 2.0)

,0.001

Initial LOS
Discharged on b-blocker

0.86 (0.7, 1.1)
0.84 (0.6, 1.2)

0.24
0.39

Discharged on ACEI/ARB

0.8 (0.6, 1.0)

0.09

Admission Na
Admission haemoglobin

0.60 (0.5, 0.8)
0.62 (0.4, 0.9)

,0.001
0.004

BUN

1.40 (1.2, 1.6)

,0.001

Hypertension

0.91 (0.7, 1.2)

0.51

................................................................................

*Hazard ratios are for a 2-SD increase for these continuously measured risk factors
(2 SD ¼ LVEF 21%, age 29 years, BMI 15 kg/m2, initial length of stay 22 days,
creatinine 1.6 mg/dL, admission Na 4.1 mg/dL, admission haemoglobin 4.7 g/dL,
BUN 16.7); the remaining covariates were dichotomized or trichotomized (race,
cardiomyopathy).

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

SDB remains largely undiagnosed in the majority of patients with
HF.28 The independent mortality effect of SDB along with the previously demonstrated effect on readmissions14 provide justification for
routine screening for SDB during AHF hospitalizations.
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