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Abstract

Background—Sleepiness and fatigue are commonly reported by family members of intensive
care unit (ICU) patients. Sleep deprivation may result in cognitive deficits. Sleep deprivation and
cognitive blunting have not been quantitatively assessed in this population. We sought to
determine the proportion of family members of ICU patients that experience excessive daytime
sleepiness, sleep-associated functional impairment, and cognitive blunting.

Methods—Multicenter, cross-sectional survey of family members of patients admitted to ICUs at
the University of Maryland Medical Center, Johns Hopkins University Hospital, and Christiana
Hospital. Family members of ICU patients were evaluated using the Epworth Sleepiness Scale, a
validated survey assessing sleepiness in everyday situations (normal, less than 10); the Functional
Outcomes of Sleep Questionnaire-10 (FOSQ-10), a questionnaire quantifying the impact of
sleepiness on daily activities (normal, at least 17.9); and psychomotor vigilance testing, a test of
cognitive function, in relation to sleep deprivation (normal mean reaction time less than 500 ms).

Results—A total of 225 family members were assessed. Of these, 50.2 % (113/225) had Epworth
scores consistent with excessive daytime sleepiness. Those with sleepiness experienced greater
impairment in performing daily activities by FOSQ-10 (15.6 + 3.0 vs 17.4 + 2.2, p < 0.001).
Cogpnitive blunting was found in 13.3 % (30/225) of family members and 15.1 % (14/93) of
surrogate decision-makers. Similar rates of cognitive blunting as reported by mean reaction time
of at least 500 ms were found among family members whether or not they reported sleepiness
(15.0 % (17/113) vs. 11.6 % (13/112), p = 0.45).

Conclusions—Half of the family members of ICU patients suffer from excessive daytime
sleepiness. This sleepiness is associated with functional impairment, but not cognitive blunting.

Keywords

Critical care; Sleep deprivation; Family caregivers; Sleepiness; End of life; Surrogate decision-
maker

Introduction

Sleep deprivation is common among family members across a spectrum of clinical settings,
including family members of cancer patients [1], patients with acute coronary syndrome [2],
surgical candidates, and critically ill infants and adults [3]. Nearly half of intensive care unit
(ICU) family decision-makers report feeling sleepy and sleep deprived [3]. Despite
demonstrating that a large proportion of family members of critically ill patients suffer
sleepiness, prior studies did not quantify its extent or impact [3-5]. In other environments,
sleep deprivation results in cognitive impairment in family members of hospitalized patients
[4], but it is unclear whether this occurs in family members of patients in the ICU. Since a
large proportion of medical decisions in the ICU are made by surrogates—including the vast
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majority of decision-making at the end of life (between 90 and 94 %) performed by someone
other than the patient [1, 2]—this is concerning.

The greatest impact of sleepiness in family members of ICU patients may be the deleterious
effects it has on performing activities of daily living and cognitive function [6]. Sleepiness
not only results in fatigue, but may impair one’s ability to perform efficiently and effectively
in their daily responsibilities with respect to work or leisure, and can result in decreased
alertness, reduced attention span, and lack of vigilance. Given the responsibilities family
members of ICU patients have as surrogates and decision-makers, this potential functional
and cognitive impairment combined with the stress of having a critically ill loved one can
have a tremendous negative impact on family function and psyche.

We hypothesized that, among family members of the critically ill, sleep deprivation results
in impaired functionality and cognitive blunting. Our primary outcome was excessive
daytime sleepiness. We sought to assess the relationship between sleepiness and associated
functional impairment and cognitive blunting in this population. We performed a
multicenter, cross-sectional study of family members, spouses, and partners of patients
admitted to various ICUs. Excessive daytime sleepiness, resultant functional impairment,
and cognitive blunting in family members of critically ill patients were assessed using
validated surveys.

Environment

We conducted a multicenter, cross-sectional study on a convenience sample surveyed across
eight ICUs at the University of Maryland Medical Center (UMMC), The Johns Hopkins
University Hospital (JHU) medical ICU, and the Christiana Hospital (CH) medical ICU.
Data were collected from family members of patients admitted between 1 February 2011
and 1 May 2012. The ICU composition was as follows: UMMC (29 medical ICU beds, 19
surgical ICU beds, 19 cardiac surgical ICU beds, 15 complex cardiology ICU beds, 12
neurology ICU beds, and 30 trauma ICU beds); JHU (16 medical ICU beds); CH (22
medical ICU beds). UMMC and JHU are academic, tertiary care facilities located in
Baltimore, MD, with 705 and 1,025 beds, respectively. Christiana Hospital is a 913-bed,
community-based tertiary care referral center located in Newark, DE.

Data sources and patient selection

Family members were approached in patients’ rooms and in common areas non-
consecutively to comprise our convenience sample. Family members were eligible
regardless of their loved one’s length of stay, allowing for enroliment of subjects at various
time points in the course of their family member’s critical illness. We assessed all members
of the family, consistent with prior studies [7,8]. In order to maximize recruitment and
minimize selection bias, we did not link participants to their family member in the ICU.
Subjects independently completed a 39-question survey instrument, with the investigator
present to address any issues. The survey consisted of 14 questions, capturing subject
demographics, subject-reported patient clinical characteristics, the Epworth Sleepiness Scale
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(ESS) [8], the Functional Outcomes of Sleep Questionnaire—short form (FOSQ-10) [9], and
seven sleep-related questions inquiring about sleep habits, preexisting sleep disorders, and
use of hypnotic medications. The ESS is an eight-question measure of daytime sleepiness,
rating the likelihood of falling asleep in eight different scenarios. A score of at least 10 is
representative of significant daytime sleepiness [10]. The FOSQ-10 is a validated short
version (10 items) of the FOSQ [11], quantifying the impact of daytime sleepiness on
activities of daily living. Subjects were queried regarding “poor physician communication”
as per their perceptions, and labeled those who answered the question “I feel like my loved
one’s doctors do a good job explaining things to me” with “disagree” or “strongly disagree”
as reporting “poor physician communication.” This term was used to encompass family
perception of adequacy of time, clarity, and completeness of information conveyed by the
health care team, which have been assessed previously [12].

Following collection of the completed survey, the research team instructed the subject on the
procedure for the psychomotor vigilance test and then administered the test to the subject on
a personal data assistant (Palm Tungsten or Palm Zire, Sunnyvale, CA USA) [13]. The
psychomotor vigilance test is a validated test of cognitive function, assessing loss of
sustained attention in response to sleep deprivation [14]. In the psychomotor vigilance test,
the subject was asked to press a button in response to a visual prompt, which appeared
repeatedly at varying time intervals for a total of 5 min. Subjects were allowed to participate
in the study only once.

The research team evaluated families during the morning (9:00 a.m.-12:00 p.m.) or evening
(7:00 p.m.—9:00 p.m.) every day. These times were chosen for recruitment of subjects with
conventional work hours and to avoid testing during the circadian physiologic dip in
alertness that coincides with early afternoon sleepiness (2:00 p.m.—4:00 p.m.) [15]. This
study was approved by the institutional review boards of the participating centers with a
waiver of informed consent (University of Maryland, Baltimore HP-00047937; JHU,
NA-00047939; CH, CCC# 32028).

Statistical analysis

Baseline characteristics of patients admitted to the ICUs were presented as counts and
percentages or mean values with standard deviations (SDs). Differences were evaluated
using two-sample t tests for normally distributed continuous variables, comparison of
proportions for categorical variables, and Wilcoxon—-Mann-Whitney tests for ordinal
variables [16]. Non-parametric testing was used for non-normally distributed variables. Our
primary outcome was subjective sleepiness by ESS (ESS = 10) [10]. Our secondary
outcomes were cognitive blunting, defined as a mean reaction time of at least 500 ms on
psychomotor vigilance testing [17], and impairment with respect to daily function as
measured by a FOSQ-10 score of less than 17.9 [18].

Characteristics of subjects by score were presented as mean values with standard deviations
and compared using two-sample t tests for continuous variables and comparisons of
proportions for categorical variables. A Pearson’s product-moment correlation coefficient
and linear regression was assessed between the variables of ESS and psychomotor vigilance
testing mean reaction time. In selecting variables for the multivariable logistic regression, all
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baseline characteristics were assessed and those with a significance test of at most 0.20 in
univariate testing were included in the models for sleepiness, functional impairment, and
cognitive blunting [19].

Analyses were performed using SAS v.9.1.3. We applied the traditional definition of p <
0.05 for statistical significance.

Among respondents, 99.6 % (224/225) completed the ESS and 100 % (225/225) completed
the FOSQ-10. Psychomotor vigilance testing was completed on 100 % of subjects (225).
Given low missingness, listwise deletion was used for missing data. The composition of
respondents by ICU type was as follows: medical, 28.0 % (63/225); surgical, 12.4 %
(28/225); cardiothoracic, 8.4 % (19/225); neurologic, 9.3 % (21/225); cardiac, 9.8 %
(22/225); and trauma, 30.7 % (69/225). Three respondents did not report ICU type, 1.3 %
(3/225). Of all subjects, 7.1 % (16/225) reported a preexisting sleep disorder.

Excessive daytime sleepiness (ESS = 10) was found in 50.2 % (113/225) of respondents
(Table 1). Subjects with excessive daytime sleepiness reported greater difficulty conducting
daily activities (mean FOSQ-10 scores 15.6 £ 3.0 vs. 17.4 + 2.2, p < 0.001). Age, gender,
race, relationship to patient, status as surrogate decision-maker, hours slept the night prior,
patient ICU length of stay, and the presence of an advanced directive were not associated
with increased risk of excessive daytime sleepiness. The frequency of cognitive blunting in
the sleepy subjects (ESS = 10) was similar to that of the subjects without excessive daytime
sleepiness [15.0 % (17/113) vs. 11.6 % (13/112), p = 0.45].

Overall, 62 % (140/225) of all respondents had a FOSQ-10 score less than 17.9 (mean
FOSQ-10 16.5 + 2.8), indicating impairment of daily activities due to sleepiness (Table 2)
[18]. The decrement was not concentrated in a single component of the five domains of the
FOSQ-10. The FOSQ-10 scores of those that were sleepy compared to those that were not
were lower across all domains (Fig. 1). Accepted normal scores for each domain of the
FOSQ have been noted in the literature (general productivity = 3.6, activity level = 3.5,
vigilance = 3.5, social outcomes = 3.9, intimacy and sexual relationship = 3.5) [11, 20].

Cognitive blunting (psychomotor vigilance test mean reaction time of at least 500 ms) was
found in 13.3 % (30/225) of subjects. Linear regression demonstrated a positive relationship
between ESS and psychomotor vigilance test scores (Fig. 2), with a one-unit increase in ESS
yielding a 4.4-ms increase in RT (p = 0.01).

In multivariable analysis, no association was found between excessive daytime sleepiness
and patient or subject characteristics. After adjusting for sleep hours and ICU length of stay,
low FOSQ-10 score was independently associated with age (OR 0.98, 95 % CI 0.96-1.00, p
= 0.05) and female gender (OR 2.13, 95 % CI 1.16-3.93, p = 0.020). In a multivariable
model containing, gender, race, presence of advanced directive, quality of physician
communication, cognitive blunting was independently associated with female gender (OR
4.40, 95 % CI 1.26-15.38, p = 0.02) and a perception of poor physician communication (OR
4.46, 95 % CI 1.48-13.43, p = 0.01). Additional analysis found that sleepiness was
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significantly associated with functional impairment (OR 2.341, 95 % CI 1.285-4.265, p =
0.005), when adjusting for gender, age, hours of sleep prior night, and ICU length of stay.

When reporting our outcomes in the context of being a surrogate decision-maker, the mean
degree and frequency of excessive daytime sleepiness were similar among surrogates and
non-surrogates (ESS 9.1 £ 5.0 vs. 10.0 £ 4.4, p=0.19; 45.2 % (42/93) vs. 53.8 % (71/132),
p = 0.20). Additionally, FOSQ-10 scores among surrogates and non-surrogates were similar
(FOSQ-1016.4 + 3.1 vs. 16.6 + 2.5, p = 0.7). Surrogates, however, demonstrated worse
performance, with a higher overall median reaction time, or reaction time (353.0 + 110.2 vs.
326.8 + 64.5 ms, p = 0.04), a higher minimum reaction time (237.5 + 54.7 vs. 222.0 + 35.3
ms, p = 0.02), and a greater number of lapses (13.2 + 15.5 vs. 9.0 £ 10.7, p = 0.02) when
compared to non-surrogates (Appendix A, Electronic Supplementary Material). There were
17 subjects that reported having a prior diagnosis of a sleep disorder. No significant
differences were noted between those with and those without a prior diagnosis of a sleep
disorder when comparing demographic characteristics, surrogate status, sleepiness by ESS,
functional impairment by FOSQ-10, or cognitive blunting by psychomotor vigilance testing
results.

Discussion

We found that excessive daytime sleepiness is common among family members of the
critically ill. Over half of our subjects reported significant daytime sleepiness [9],
demonstrating sleepiness similar to patients with obstructive sleep apnea [11, 21]. Thus, the
proportion of significant daytime sleepiness (50.2 %) in these subjects is striking and
considerably greater than in the general population (10-20 %) [8]. Excessive daytime
sleepiness and decreased functionality were found across the study population to a degree
comparable to patients with chronic cardiac, pulmonary, and neurologic conditions [2,22—
24]. Our study is the first to quantify the extent of sleepiness in family members of the
critically ill, and assess its impact on functional impairment and cognitive blunting.

Family members also suffered significant decreases in quality of life due to sleep
deprivation as reflected by low FOSQ-10 scores, with almost two-thirds suffering significant
functional impairment. The domain which was most notably affected was general
productivity, which includes concentration, completing daily tasks and chores,
remembering, working on hobbies, completing financial affairs and paperwork, employment
tasks, and maintaining telephone conversations. Contextually, these scores were similar to
those in individuals with mild sleep apnea [21] and worse than in patients suffering
excessive daytime sleepiness due to congestive heart failure [23], chronic obstructive
pulmonary disease with nocturnal hypoxemia [24], traumatic brain injury [22], and geriatric
patients with self-reported sleepiness [25]. Additionally, the low FOSQ-10 scores may
reflect the impact of sleepiness on daytime activities, including interactions with the ICU
medical team, which is further evidenced by the association we found between perceived
poor physician communication and cognitive blunting. Historically, guidelines for support
of family members of ICU patients have focused on improving communication and
addressing family members’ spiritual and emotional needs [26] as strategies to mitigate the
stress experienced by their loved one’s admission to the ICU. Our data suggest that support
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for family members will also need to include interventions to alleviate sleep deprivation,
such as providing family-friendly areas that may alleviate stress [27], quiet areas for
napping, or educating family members on the importance of obtaining adequate and
consolidated sleep by setting aside 7-9 h of scheduled time dedicated to sleep.

We differentiated degrees of cognitive blunting according to psychomotor vigilance testing
mean reaction time and number of lapses (reaction time at least 500 ms), consistent with
prior studies [17, 28]. The proportion and extent of cognitive blunting was marked. Family
members of ICU patients exhibited greater cognitive blunting than patients with sleep-
disordered breathing [28], sleep-deprived on-call resident physicians [29], and healthy
subjects with a blood alcohol concentration of 0.05-0.10 % [29, 30].

Difficulty sleeping has been self-reported as one of the top stressors of ICU patients and
their family members [31, 32]. Previous data demonstrate that up to 80 % of family
members obtain less sleep, 70 % suffer worse quality sleep, and 20 % require hypnotic
medications after their family member was admitted to an ICU [5]. Sleep disturbances and
exhaustion have been identified as physiologic and behavioral responses to the stress of
having a family member in the ICU [33]. Additionally, our objective findings concur with
prior studies that subjectively identified sleepiness and fatigue as causes of psychological
and physical morbidity in family members of the critically ill [34]. Our findings further
support the theory that sleep deprivation may play a role in the development of the
postintensive care syndrome-family [35], the constellation of symptoms experienced by
family members after ICU discharge, which is manifested by anxiety, acute stress,
posttraumatic stress, depression, and grief. Further work associating patient-specific data
with respective family members may also be necessary to better understand the patient
clinical characteristics associated with family members’ sleepiness and which families may
benefit most from interventions.

This multicenter study evaluated a spectrum of ICU types across multiple hospitals types,
making our results generalizable to a variety of settings. While our respondent selection
sampling and the decision not to link to specific patients were designed to reduce selection
bias, these still require consideration. Prior studies have shown that families more satisfied
with their loved ones’ care are more likely to respond to survey instruments [36], are more
likely to be at the bedside visiting [37], and may have higher socioeconomic status [38], thus
potentially underestimating the severity of sleepiness-associated morbidity among this
population. Additionally, prior studies have demonstrated that survey-based assessments of
sleepiness often underestimate the magnitude of sleepiness [39], potentially further
underestimating the severity of this problem. Although the possibility exists that some
respondents had an undiagnosed sleep disorder, we screened for symptoms and prior
diagnoses of sleep-disordered breathing and found a low proportion within our population.
While the psychomotor vigilance test assesses sustained attention as a component of
executive functioning, it is possible that we may have underestimated the prevalence of
cognitive blunting, as the psychomaotor vigilance test does not capture all realms of
executive function [40]. Lastly, consistent with prior studies evaluating sleep deprivation
among family members [23, 24, 34], we performed a cross-sectional design, which does not
include a control group. While the possibility exists that our data reflect general sleepiness
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in a general population, the marked divergence from multiple prior studies that included
normal subjects suggests otherwise [8, 10, 18].

Conclusion

Half of the family members of ICU patients suffer from excessive daytime sleepiness.
Functional impairment due to sleep deprivation is common in this population, with a
proportion of family members suffering cognitive blunting as a result of sleepiness.
Surrogates suffer equal or greater dysfunction and cognitive impairment than those without
decision-making capacities. Sleepiness may be both a challenge to patient-centered care and
a contributing risk factor for postintensive care syndrome-family. Efforts should be directed
towards better understanding the etiology of sleep deprivation as well as interventions to
better support family members.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Sleepiness and Cognitive Impairment Scatterplot (n=225)
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Table 1

Subject characteristics by sleepiness (sleepiness denoted by Epworth Sleepiness Score =10)

Characterigtics® Total (n =225) Sleepy (n = 113) Not sleepy pval ue’
(n=112)

Age (years) 480+151(n=223) 46.1+155(n=112) 49.8+145(n=111) 0.7
Sex: male, n (%) 72 (32.0) 38 (33.6) 34 (30.4) 0.60
Race: white, n (%) 128 (56.9) 59 (52.2) 69 (61.6) 0.16
Patient relationship

Spouse/partner 41 (18.2) 19 (16.8) 22 (19.6) 0.48

Parent 38 (16.9) 17 (15.0) 21 (18.8)

Child 52 (23.1) 26 (23.0) 26 (23.2)

Sibling 34 (15.1) 15 (13.3) 19 (17.0)

Other 60 (26.7) 36 (31.9) 24 (21.4)
Surrogate (yes) 93 (41.3) 42 (37.2) 51 (45.5) 0.20
Education (college or more) 116 (51.6) 59 (52.1) 57 (50.9) 0.84
Hours slept prior night 6.7 +2.3(n=213) 6.5+ 2.5 (n=105) 6.9+2.1(n=108) 0.24
ICU length of stay 9.7+205 9.8+20.1 9.6+211 0.94
Previous ICU admit (yes) 88 (39.3) 40 (35.4) 48 (43.2) 0.23
Advance directive (yes) 57 (25.9) 27 (24.3) 30 (27.5) 0.59
Clarity of physician explanation

Strongly disagree 6(2.8) 3(2.7) 3(2.7) 0.34

Disagree 14 (6.2) 10 (8.8) 4 (3.6)

Agree 109 (48.4) 49 (43.4) 60 (53.5)

Strongly agree 93 (41.3) 50 (44.2) 43 (38.4)

Unknown 3(1.3) 1(0.9) 2(1.8)
Perceived severity of illness

Not very sick 4(1.8) 2(1.8) 2(1.8) 0.78

Sick but will get well 101 (44.9) 50 (44.2) 51 (45.5)

Very sick-may die 68 (30.2) 37 (32.7) 31 (27.7)

Extremely sick-high 25(11.1) 14 (12.4) 11 (9.8)

chance of death

Other 27 (12.0) 11 (8.8) 16 (15.2)

Psychomotor vigilance test 387.7 £130.0 397.5+107.8 377.8+148.6 0.26
(mean reaction time in milliseconds)

Functional Outcome of Sleep 165+2.38 15.6 £3.0 174+22 <0.001

Questionnaire-10

*
For continuous variables, p values were obtained from two- sample t tests; for categorical variables, p values were obtained from tests of
comparison of proportions

a . .
Continuous values are presented as mean + SD, and categorical values are presented as number (%)
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Table 2
FOSQ-10 domains
FOSQ subscale Question domains? Total Abnormal n (%)
General productivity Concentration (n = 225) 32+0.8 160 (71)
Remembering (n = 225) 32+08
Activity level Activity in evening (n = 225) 3.0+0.9 127 (56)
Activity in morning (n = 225) 32+09
Relationships affected (n=219) 3.7+0.6
Vigilance Watching movies (n = 219) 3.0+08 119 (53)
Driving long distances (n=202) 3.3+0.9
Driving short distances (n=206) 3.7 +0.6
Social outcomes Visit in your home (n = 216) 3.7+0.6 52 (24)
Intimacy and sexual relationships  Desire intimacy (n = 191) 32+09 94 (49)
Total (scale 0-20) 16.5+2.8
Impairment (yes) 140 (62 %)

a. . . L .
Subjects answering “I don’t do this activity” are not included
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