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+ 
Significance 

n Sleep critical for recovery from 
acute illness 

n Hospitalization is a time of acute 
vulnerability  
n  “Hazards of hospitalization”  

n  Delirium  
n  Cardiometabolic derangements, i.e. 

hyperglycemia 
n  Hospital-acquired conditions (HACs) 

n  Falls  
n  Hospital acquired infections (HAI) 

n  CAUTI, CLABSI 
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Mechanisms for How Inpatient Sleep Loss Affects Health 
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+    Why is sleep in the hospital important? 

Patients who reported that the area 
around their room was "Always" quiet at 
night… 

HCHAPS & Value Based Purchasing  

The Patient Experience  

Pathophysiological Effects  
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Inpatients at Risk for Sleep 
Disorders  
% of Hospitalized Patients Screened at High Risk for OSA 

40% 

n=425 

High Risk 
(Berlin 
Score ≥2) 

Low Risk 
(Berlin 
Score <2) 

40% 
2 out of every 5 inpatients screened as high risk for OSA 

Low Risk 
(Berlin 
Score <2) 

2) 

Low Risk 
(Berlin 
Score <2) 

High Risk 

Shear et al.  J Clin Sleep Med. 2014 
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+Data Collection: Actigraphy 
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The Scope of The Problem 
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Arora VM et al. J Am Ger Soc. 2011. 
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Data Collection: Noise (dB) 


 �e qoC� � �I � q� t yp� �
� o•C� � 
 � I � � � � oC� uoe�
� � � � � � � � � � � � � � � � � � � � � �
� � � � � � � 
 	 � �

�

Lmin Lmax L5 

Yoder et al. JAMA Intern Med. 2013 



14 SIESTA 

Noise- A Major Environmental Factor 
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Yoder JC et al. Arch Int Med 2012. 



+Noise and Inpatient Sleep 

*Loudest tertile L5 associated with 112 min less in sleep time (95% CI [6-218], p=0.039) 

112 minutes* 



Date of download:  9/6/2015 

From: Sleep Disruption due to Hospital Noises: A 
Prospective Evaluation 

Ann Intern Med. 2012;157(3):170-179. doi:10.7326/0003-4819-156-12-201208070-00472 

Copyright © American College of Physicians.  All rights reserved. 

•  Changes in the median HR 
during noise-induced arousals 
aligned with time of peak HR 
response 

 
•  Expressed relative to average HR 

in 10 sec preceding arousals in 
sleep stages N2, N3, and REM 

•  Vertical lines represent the 
median times of arousal onset 
(with CIs) before that peak. 
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Blood Pressure and Sleep 

One hour of sleep loss associated with 2.28 mmHg 
increase in blood pressure (p=0.13) Arora, et. al. JAGS 2011  



++

Medical Interventions  

Background: Is it just noise?   

Environmental Factors  

Symptoms  



Patient Reported In-Hospital Sleep Disruptions 
(n=166) 
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Results: Disruptions and Objective Sleep  
Output of Five Individual Regression Models  
(n=645 nights from 379 patients)  
 

Variable  Minutes [95% CI] P-value  
1. Tests -19.9 [-41.6, 1.9] 0.07 
2. Vitals  -1.8 [-23.1, 19.6] 0.9 
3. Pain  -43.4 [-66.7, -20.1] 0.001* 
4. Medications -23.1 [-45.9, -0.34] 0.047* 
5. Noise -33.7 [-58.1,-9.3] 0.007* 

Pain, medications and noise were associated with 
significantly less in-hospital objective sleep time. 



+Hyperglycemia of Hospitalization & Sleep 

 

•  Hyperglycemia of hospitalization 
–  Associated with adverse outcomes & longer 

lengths of stay (Magaji and Johnston 2011) 

–  ~1/3 of all hospitalized patients (Levetan et al. 1998) 

–  Blood glucose >126mg/dL 
–  Mechanism unclear but thought to be due to 

stress of illness  

 

Could inpatient sleep loss be a novel risk 
for hyperglycemia of hospitalization?  
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OSA Is More Prevalent As We Age 
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Peppard PE et al. Am J Epidemiol 2013.  
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UC Resident Perspective of OSA Screening 
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What Happens After Discharge? 

n Post-hospital syndrome (Krumholz, NEJM 2013) 

n Acquired, transient period of generalized vulnerability 
n Cause is multifactorial  

n  Sleep deprivation, inactivity 

n  Risk factors for functional decline post-discharge 
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Inpatient Sleep Loss & Delirium/
Memory 

n  HELP Trial for delirium  
n  Only 10% adherence to sleep protocol 

(Inouye et al Arch Int Med 2003) 
n  Can adherence to better sleep reduce 

delirium? 

n  50% have poor memory!  
n  No relationship between sleep and 

memory all patients were likely sleep 
deprived  

Calev et al. JHM 2015 

may not be the optimal teachable moment that it is
often suggested to be. Use of transition coaches, mem-
ory aids like written instructions and reminders, and
involvement of caregivers are likely critical to ensuring

inpatients retain instructions and knowledge. More
focus also needs to be given to older patients, who
often have the worst memory. Technology tools, such
as the Vocera Good To Go app, could allow medical

FIG. 2. Memory scores. Histogram of memory score distribution with superimposed normal distribution curve and solid vertical line representing the mean or
median. (A) Immediate recall scores were normally distributed. Mean 5 3.81 words. (B) Delayed recall scores showed right skew. Median 5 1 word. (C) Immediate
recognition scores showed left skew. Median 5 11 words. (D) Delayed recognition scores also showed right skew. Median 5 10 words.

TABLE 2. Pearson’s Correlation (r) and Regression b Coefficient for Memory Scores and Sleep Measurements

Independent Variables

Sleep Duration, h Sleep Efficiency, % Karolinska Sleep Quality Index

Immediate recall (n5 59) Pearson’s r 0.044 0.2 20.18
b coefficient 0.042 0.025 20.27
P value 0.74 0.12 0.16

Immediate recognition (n5 59) Pearson’s r 20.066 20.037 20.13
b coefficient 20.080 20.0058 20.25
P value 0.62 0.78 0.31

Delayed recall (n5 52) Pearson’s r 0.028 20.0020 20.0081
b coefficient 0.027 0.00025 20.012
P value 0.85 0.99 0.96

Delayed recognition (n5 52) Pearson’s r 0.21 0.12 0.15
b coefficient 0.31 0.024 20.35
P value 0.13 0.39 0.29

Memory and Sleep in Hospital Patients | Calev et al

An Official Publication of the Society of Hospital Medicine Journal of Hospital Medicine Vol 10 | No 7 | July 2015 443
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+
Research Opportunities 

n  Can empowering patients directly to get better sleep in the 
hospital improve their sleep and health outcomes? 

n  Can training hospital staff to screen inpatients for OSA 
improve health and lower future costs of care? 

n  Is sleep loss from hospitalization associated with a chronic 
sleep disorder? 
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Confirmation of short and long term benefits of hospital sleep medicine in 
conjunction to a cost effective screening strategy could lead to a paradigm 
change on how we practice and view sleep medicine in hospitalized 
patients. …With such potentially profound implications we cannot continue 
to ignore the elephant in the room...can we?  



+
SIESTA 

n Bite-sized chunks of information  
1.  Improving hospital sleep  
2.  Screening for sleep disorders  

n Can be delivered online “Flipped classroom”   

 

SIESTA Educational Module Advisors: 
Babak Mokhlesi & Jay Balachandran  

Bite-sized chunks of information  
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