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OBJECTIVE

To determine whether inpatient sleep duration and efficiency are associated with a
greater risk of hyperglycemia in hospitalized patients with and without diabetes.

RESEARCH DESIGN AND METHODS

In this retrospective analysis of a prospective cohort study, medical inpatients
‡50 years of age were interviewed, and their charts were reviewed to obtain de-
mographic data and diagnosis. Using World Health Organization criteria, patients
were categorized as having normal blood glucose, impaired fasting blood glucose,
or hyperglycemia based onmorning glucose from the electronic health record. Wrist
actigraphy measured sleep. Multivariable ordinal logistic regression models, control-
ling for subject random effects, tested the association between inpatient sleep du-
ration and proportional odds of hyperglycemia versus impaired fasting blood glucose
or impaired fasting blood glucose versus normal blood glucose in hospitalized adults.

RESULTS

A total of 212 patients (60% female and 74% African American) were enrolled.
Roughly one-third (73, 34%) had diabetes. Objective inpatient sleep measures did
not differ between patients with or without diabetes. In ordinal logistic regression
models, each additional hour of in-hospital sleep was associated with an 11%
(odds ratio 0.89 [95% CI 0.80, 0.99]; P = 0.043) lower proportional odds of a higher
glucose category the next morning (hyperglycemia vs. elevated and elevated vs.
normal). Every 10% increase in sleep efficiency was associated with an 18% lower
proportional odds of a higher glucose category (odds ratio 0.82 [95% CI 0.74, 0.89];
P < 0.001).

CONCLUSIONS

Amongmedical inpatients, both shorter sleep duration and worse sleep efficiency
were independently associated with greater proportional odds of hyperglycemia
and impaired fasting glucose.

Hyperglycemia is common among hospitalized patients, even in those patients who
have not been previously diagnosed with diabetes. Although unrecognized diabetes
may account for some of this, there is also the known phenomenon of stress
hyperglycemia, which is elevated blood glucose attributed to acute illness. Hyper-
glycemia during hospitalization is associated with worse patient outcomes, includ-
ing higher risk of myocardial infarction and stroke (1). The increased risks associated
with hyperglycemia are not limited to patients with diabetes. Inpatients with new
hyperglycemia in the hospital are more likely to be admitted to the intensive care
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unit, have longer lengths of stay, and are
less likely to be discharged home com-
pared with patients with known diabe-
tes and those without hyperglycemia (2).
In addition, hyperglycemia in admitted
patients without a diagnosis carries a
higher 3-year risk of later being diag-
nosed with diabetes (3).
Patients with diabetes account for

nearly one in five hospitalizations in
the U.S. (4). Hospital stays for patients
with diabetes accounted for 7.7 million
stays and cost $83 billion or roughly
one-quarter of total hospital costs in
2008 (5). Unfortunately, the optimal
treatment of hyperglycemia of hospi-
talization is unclear because the exact
etiology is unknown (6). Although the
general mechanism for hyperglycemia
of hospitalization has always been as-
sumed to be the physiologic stress of
the acute illness leading to hospitaliza-
tion, it is possible that sleep loss and/or
reduced sleep quality during hospitaliza-
tion plays a role. Studies show that med-
ical patients not only achieve 2 h less
sleep in the hospital than at home, but
also suffer from increased sleep fragmen-
tation, compared with sleep at home (7).
There are several physiologic reasons

to believe that sleep loss in the hospital
could be associated with hyperglycemia
of hospitalization. First, laboratory stud-
ies demonstrate that a few days of sleep
restriction or of experimentally induced
sleep fragmentation can result in im-
paired glucose tolerance (8–12). Second,
prospective epidemiological studies
also demonstrate a relationship between
shorter sleep duration or poorer sleep
quality and the risk of incident diabetes
in community-dwelling adults (13,14). It
has also been shown that chronic insom-
nia with short sleep duration is strongly
associated with a risk for diabetes (15).
Recent reviews have proposed mecha-
nisms by which sleep affects metabolism,
as it may affect both the brain and peri-
pheral organs playing a pivotal role in
metabolism, and thus sleepmay be a pro-
mising interventional point to treat obe-
sity and type 2 diabetes (16,17). Given
these associations, it is worth exploring
whether acute sleep loss is associated
with increased risk of hyperglycemia
in hospitalized adults. The aim of this
study was to assess whether sleep du-
ration and sleep efficiency during hos-
pitalization, measured with objective
methods, were associated with greater

odds of hyperglycemia in both patients
with and without diabetes.

RESEARCH DESIGN AND METHODS

We conducted a retrospective observa-
tional study using data collected from an
existing prospective cohort study of
sleep in hospitalized patients$50 years
of age on a general medicine ward. To
avoid including patients with pre-existing
sleep disorders or abnormal sleep pat-
terns, we excluded patients with known
sleep disorders or individuals who were
admitted fromanother hospital, a nursing
facility, or a rehabilitation facility. To im-
prove the accuracy of actigraphy read-
ings, we only enrolled patients who
were ambulatory and not on bed rest.
Additionally, every patient had a single
room at this institution. Any patient
who was$50 years old, was on a general
medicine ward, was ambulatory, and
had a morning blood sample drawn to
assess a basic metabolic panel (BMP)
was eligible for this study. A patient was
excluded if he/she was nonambulatory,
was in respiratory isolation, had been in
the hospital for.72 h, was readmitted to
the hospital within the past 2 weeks, or
was transferred from another institution.
Trained research assistants screened pa-
tients using the electronic health record
and a brief screening questionnaire. Pa-
tients provided written informed consent
to participate. The University of Chicago
Institutional Review Board approved this
study.

Wrist actigraphy was used to measure
hospital sleep duration and efficiency
(percentage of time in bed spent asleep)
(18). Patients were asked towear the Acti-
watch 2 (Phillips Respironics,Murraysville,
PA) from study day enrollment to dis-
charge. Time in bed was based on the
patient’s sleep diary indicating bedtime
andwake time. Actual sleep obtained dur-
ing time in bed was determined by the
actigraphy software, and sleep efficiency
was determined by dividing actual sleep
by the time in bed. Noise was measured
using bedside soundmeters (Larson Davis,
Depew, NY). Patients also completed an
inpatient interview thatwasused toobtain
demographic data (race) as well as screen
for obstructive sleep apnea (Berlin Ques-
tionnaire) (19). Chart reviews were done
by trained research assistants to collect
patient sex, age, diagnosis, comorbidity
burden, and BMI from the medical record
(20).

Morning fasting glucosewas obtained by
extracting routine morning laboratories
(drawn between 4 and 6 A.M.) from the
Epic electronic health record (Epic Systems,
Verona, WI). Blood glucose was obtained
each morning as part of a sample collected
intravenously to measure a BMP. We cre-
ated categories of hyperglycemia based on
the World Health Organization definition
outlined below (21). Morning plasma glu-
cose levels between 60 and 110 mg/dL
were considered to be normal, 110 to
126mg/dLweredefinedas impaired fasting
glucose (IFG), and levels$126mg/dL were
defined as hyperglycemia. Because relying
on administrative data alone can lead to an
underestimation of the prevalence of dia-
betes in hospitalized patients, we used
three different methods to determine
whether a patient was carrying a diagnosis
(22). A patient was deemed to have a di-
agnosis of diabetes if they reported having
diabetes during an inpatient interview by
a trained research assistant, if their chart
review by trained research assistants re-
vealed a diagnosis of diabetes, or if their
hospitalization was ultimately billed with a
code for diabetes (ICD-9 250.00–250.99) by
our trained medical coders. Billing data
were obtained from our hospital’s billing
system. For the purposes of this analysis,
we tested the association between morn-
ing glucose level and sleep during the pre-
ceding night.

Descriptive statistics were used to sum-
marize sleep duration, sleep efficiency,
and rates of hyperglycemia and IFG. We
compared demographic and sleep char-
acteristics for patients with diabetes and
patients without diabetes using t and x2

testswhere appropriate.Ordinalmultivar-
iable logistic regression, clustered by sub-
ject and controlling for diabetes diagnosis,
was used to test the association between
sleep duration and sleep efficiency and
proportional odds of hyperglycemia ver-
sus IFG or normal blood glucose. Models
were repeated to control for potential
confounders, namely age, sex, race, over-
weight BMI, and obstructive sleep apnea
(OSA) risk asmeasuredby theBerlinQues-
tionnaire. All statistical analyses were
performed using Stata 12.0 (StataCorp,
College Station, TX), and statistical signifi-
cance was defined as a P value of,0.05.

RESULTS

From April 2010 to June 2014, 212 pa-
tients (60% female and 74% African
American) from the University of
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Chicago inpatient general medicine ser-
vice were enrolled in the study. The
patient population had a vast heteroge-
neity of principal diagnoses (the reason
for admission), which we acquired
through ICD-9 codes. Of the 212 patients,
an ICD code for principal diagnosis was
available for 211 of them. Only 10 diagno-
ses were seen in more than 4 patients. Of
these 10, the most common (diabetes)
was seen as a reason for admission in only
13 patients. The top 10 diagnoses were
diabetes (6.15%), kidney failure (5.69%),
diseases of the pancreas (4.26%), cellulitis
and abscesses (3.79%), gastrointestinal
hemorrhage (3.31%), complications as
a result of procedures (3.31%), asthma
(2.84%), diverticula of the intestine
(2.84%), disorders of fluid electrolytes
and acid–base imbalance (2.37%), and
complications of medical care (2.37%).
These 10 diagnoses constitute only 37%
of the total diagnoses of our patient
population. One-third (73; 34%) of partic-
ipants were determined to have diabetes
by self-report, chart review, or diabetes
billing code. Average length of stay was
5.7 days, with the majority of patients
staying #5 days (65.09%). Patients with
diabetes were more likely to be African
American, be overweight, and have a high
risk for OSA as assessed by the Berlin
Questionnaire (Table 1).
Based on actigraphy, mean objective

sleep duration was slightly.5 h (3186
139 min), and mean sleep efficiency was
below the normal threshold of 80%
(69.7 6 22.2%). Mean objective sleep
duration and mean sleep efficiency did
not differ significantly between patients

with or without diabetes (Table 1). Al-
though patients with diabetes were
more likely to be overweight and have a
higher risk of OSA by Berlin Score, objec-
tive inpatient sleep measures did not dif-
fer between groups (Table 1).

Glucose levels were obtained for
368 mornings for 212 patients (mean
glucose 112.5 mg/dL [95% CI 100.7,
107.0]). For 14.4% of mornings, patients
had IFG (110–126 mg/dL), and for 24.7%
of mornings, patients had hyperglyce-
mia (blood glucose $126 mg/dL). Not
surprisingly, mean fasting glucose and
rates of hyperglycemia were higher
among patients with diabetes than pa-
tients without diabetes (Table 1).

In ordinal logistic regression models,
for each additional hour of sleep in the
hospital the night before, the propor-
tional odds of having glucose levels char-
acterized as elevated or hyperglycemic
the next morning (hyperglycemia vs. ele-
vated; elevated vs. normal) were 11%
lower (odds ratio 0.89 [95% CI 0.80,
0.99]; P = 0.043). Likewise, every 10% in-
crease in sleep efficiency was associated
with 18% lower proportional odds of a
higher glucose category (odds ratio 0.82
[95% CI 0.74, 0.89]; P, 0.001) (Fig. 1 and
Table 2). These results remained signifi-
cant when controlling for diabetes diag-
nosis, age, sex, overweight BMI ($25),
African-American race, and risk of OSA.
Additionally, these results remained sig-
nificant when controlling for objective
average and maximum noise levels re-
corded by bedside sound meters (Leq)
(Supplementary Tables 1 and 2) in addi-
tion to severity of illness as measured

by Charlson comorbidity score. Of the
368 nights studied, 27 nights (7.34% of
total nights) were the patient’s first night
of stay in the hospital. Controlling for ei-
ther first night of hospital stay or the
number of days since admission did not
affect the significance of our findings. Af-
ter chart audits for nighttime insulin use,
we found very few cases of patients re-
ceiving insulin during the sleep period
(23 insulin administrations). Nocturnal in-
sulin administration did not alter the sig-
nificant relationship between sleep and
blood glucose category.

Figure 1 (created using R; R Founda-
tion, Vienna, Austria) shows that the
predicted probability of a higher glucose
category increases as sleep time and
sleep efficiency decrease. Although pa-
tients with diabetes are more likely to
have higher odds of a higher glucose cat-
egory compared with patients without
diabetes at any sleep duration, it is impor-
tant tonote that the relationship between
sleep duration and glucose category is
similar for both patients with andwithout
diabetes. A similar relationship was ob-
served for sleep efficiency and glucose
category for both groups of patients.

CONCLUSIONS

This study is the first to report that shorter
sleep duration among hospitalized general
medicine patients was associated with
greater proportional odds of hypergly-
cemia and IFG in both patients with and
without diabetes. Furthermore, a simi-
lar association was observed for sleep
efficiency, with worsening sleep efficiency
associated with higher proportional odds

Table 1—Demographics and descriptive statistics

All patients Without diabetes With diabetes

Demographics n = 212 n = 139 n = 73
Age (years) 63.9 6 11.1 64.1 6 11.4 63.5 6 10.5
Female 59.9% 58.3% 63.0%
African American 74.1% 69.1% 83.6%*
Mean BMI 27.6 6 8.3 26.4 6 7.7 29.9 6 8.8*
Overweight (BMI $25) 61.3% 53.2% 76.7%*
High OSA risk* 43.4% 36.7% 56.2%*

Descriptive statistics (368 mornings) n = 368 n = 246 n = 122
Sleep duration (min) 318.2 6 138.6 319.5 6 139.3 315.5 6 137.6
Sleep efficiency (%) 69.7 6 22.2 69.7 6 22.3 69.8 6 49.9
Fasting blood glucose (mg/dL) 112.5 6 37.6 103.9 6 25.4 129.9 6 22.1*
Mornings with elevated blood glucose (110–126 mg/dL) 14.4% 13.8% 15.6%
Mornings with hyperglycemia ($126 mg/dL) 24.7% 14.6% 45.1%
Sleep debt (in hours) 1.17 6 2.66 (n = 366) 1.19 6 2.64 (n = 244) 1.13 6 2.72

Data are means6 SD, unless otherwise indicated. Breakdown of patient demographics including all patients, which was then separated by diabetes
diagnosis. Comparison of descriptivemeasures in hospital mornings. *Statistically significant difference between patients with and without diabetes
(P , 0.05). High OSA risk determined by calculation from Berlin OSA survey.
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of hyperglycemia. This finding is consis-
tent with both prior laboratory and epide-
miological studies that show that acute
sleep loss can result in impaired glucose
tolerance or increased risk of diabetes.
Because inpatient sleep duration, and po-
tentially sleep quality, may be modifiable,
future studies should examine whether
improving sleep among inpatients can

reduce the risk of hyperglycemia during
hospitalization.

It is worth considering possible mecha-
nisms for these findings. One possibility is
that in-hospital sleep loss may contribute
to hyperglycemia. Multiple mechanisms
maybe responsible for theadverse effects
of sleep loss on glucose tolerance. These
could include abnormalities in several

hormones involved in glucose regulation,
including cortisol, growth hormone, lep-
tin, and ghrelin. In addition, increases in
sympathetic nervous system activity and
decreases in cerebral glucose metabolism
resulting from the sleep debt may play a
role. Another causal pathway could be re-
lated to the fact that disruptions or insuf-
ficient amounts of deep non–rapid eye
movement sleep, also known as slow
wave sleep, considered the most “restor-
ative” sleep, can lead to disruptions in
glucose homeostasis (23). Studies show
that suppression of slow wave sleep is
associated with increased risk of diabetes
(24). It is also possible that sleep loss is
associatedwithunrecognized confounders
that are also associated with hypergly-
cemia, such as illness severity.

This study suggests that future re-
search is needed to explore whether
the sleep disturbances that are typically
associated with hospitalization could be
an underlying cause of hyperglycemia.
Moreover, future research should also
examine if interventions to optimize
sleep duration and quality result in bet-
ter glucose control. Health administra-
tors and clinicians should consider
investing in improving sleep for hospital-
ized patients by limiting unnecessary
nocturnal care and reducing disruptions,
such as noise (25). Toward that end, the
American AcademyofNursing has recom-
mended not waking patients unless criti-
cal to the patient’s care as part of its
Choosing Wisely campaign (26).

This study has several limitations. Be-
cause this was an observational study,
we cannot assume a direction of causal-
ity. It is possible that patients with hyper-
glycemia have worse sleep for metabolic
reasons that are related to the hypergly-
cemia itself. For example, patients who
have inflammation may also have both
hyperglycemia and poor sleep because
of an inflammatory response. If we as-
sume that sleep the night before is caus-
ing the hyperglycemia, a patient with
diabeteswho ismore likely to havemorn-
ing hyperglycemia may have shorter
sleep in the hospital because of frequent
checks on their blood glucose. Although
this could explain the case for patients
with diabetes, it is unlikely that patients
without diabetes would have blood glu-
cose checks ordered at night, and so this
cannot explain this relationship in pa-
tients without diabetes. Similar to fre-
quent mechanical stimuli such as blood

Figure 1—Ordinal logistic regressions separated by diabetes diagnosis status comparing sleep time
(top) and sleep efficiency (bottom). 0 refers to the probability of having glucosewithin normal limits
(60–110mg/dL), 1 refers to the probability of having elevated glucose (110–126mg/dL), and 2 refers
to the probability of having hyperglycemia ($126 mg/dL) (using World Health Organization criteria).
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glucose checks, noise could be a substan-
tial interruption for our patients, as this
has been previously shown to affect in-
sulin sensitivity (27,28). However, all of
the patients enrolled in this study were
in single-occupancy rooms, and after
controlling for objective noise as mea-
suredby soundmeters,we sawnochange
in our primary results (Supplementary
Tables 1 and 2).
Moreover, the study was performed

on a single ward at a single institution,
which limits the ability to generalize the
findings. Additionally, the reasons for
admissionwere not included in our anal-
ysis because the general medicine ward
considered in our study has a wide het-
erogeneity of admitting diagnoses, with
the 10 most popular reasons for admis-
sion constituting only 37% of the total
principal diagnoses. We did not control
for diabetic pharmacologic regimen or
glucose control prior to hospitalization.
We were unable to determine the true
incidence of hospital-associated hyper-
glycemia, because that would require
follow-up to ascertain if hyperglycemia
normalized. It is possible that a patient
with no known diagnosis of diabetes in

the hospital, upon further outpatient
follow-up and treatment, may have been
found to have a diagnosis of diabetes.
We also did not perform oral glucose
tolerance tests on patients to formally
identify the risk of diabetes. Although we
abstracted morning blood glucose lev-
els between 4 and 6 A.M. from chart re-
viewwith the assumption that thesewere
fasting values, it is certainly possible, al-
though extremely unlikely, that a patient
ingested calories in the middle of the
night. Patients had to have a BMP as-
sessed in order to be eligible for analysis,
and although a BMP may be more likely
to be assessed for certain diagnoses, it is
a routine laboratory test performed on a
daily basis for most patients in their
stay. Our study did not assess napping
behavior, but only measured nocturnal
sleep duration and efficiency. Lastly, un-
like polysomnography, the use of actigra-
phy in this study means that we cannot
examine sleep architecture, but only
sleep duration and efficiency.

Shorter sleep duration during hospi-
talization was associated with increased
odds of elevated blood glucose and hy-
perglycemia in both patients with and

without diabetes. Although there have
been many epidemiologic and labora-
tory studies linking hyperglycemia to
sleep deprivation, to our knowledge,
this is the first that shows this relation-
ship in the real-world setting of the hos-
pital ward. Along with the epidemiologic
and laboratory studies showing a rela-
tionship between reduced sleep dura-
tion and/or quality and hyperglycemia,
the detected association between insuf-
ficient and/or poor sleep in the hospital
and hyperglycemia highlights the need
for further studies to explore whether
optimizing inpatient sleep could im-
prove inpatient glycemic control. Future
research should test whether improving
patient sleep in hospitals could re-
present a novel nonpharmacological
approach to reducing the risk of hyper-
glycemia during hospitalization and ulti-
mately lead to better health and reduced
health care costs.

Acknowledgments. The authors thank Kristen
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Table 2—Ordinal logistic regressions for comparison of sleep duration and sleep efficiency as measured by actigraphy watch
to elevated morning fasting blood glucose (110–126 mg/dL) and hyperglycemia (‡126 mg/dL)

Association between odds of blood glucose level (normal, elevated, and hyperglycemic) and sleep
duration (in hour increments) (n = 368 mornings from 212 subjects)

Covariate Model 1 Model 2 Model 3

Sleep duration (hours) 0.89* (0.80, 0.99) 0.89* (0.79, 0.99) 0.89* (0.80, 0.9966)

Diabetes diagnosis 4.28* (2.55, 7.17) 4.25* (2.54, 7.12) 3.56* (2.06, 6.17)

Female d 1.14 (0.65, 1.99) 0.99 (0.55, 1.77)

Age d d 1.04 (0.84, 1.30)

BMI $25 d d 1.78* (1.03, 3.06)

African American d d 1.42* (0.75, 2.69)

OSA risk d d 1.74* (1.04, 2.94)

Cutpoint 1 0.34 0.53 1.24

Cutpoint 2 1.10 1.29 2.02

Association between odds of blood glucose levels (normal, elevated, and hyperglycemic) and sleep
efficiency (in 10% increments) (n = 368 mornings from 212 subjects)

Sleep efficiency (10% increments) 0.82* (0.75, 0.90) 0.81* (0.74, 0.89) 0.81* (0.74, 0.89)

Diabetes diagnosis 4.55* (2.73, 7.58) 4.51* (2.71, 7.50) 3.77* (2.19, 6.51)

Female d 1.26 (0.72, 2.18) 1.09 (0.61, 1.94)

Age d d 1.02 (0.82, 1.27)

BMI $25 d d 1.77* (1.03, 3.05)

African American d d 1.43* (0.75, 2.70)

OSA risk d d 1.76* (1.06, 2.91)

Cutpoint 1 20.40 20.11 0.55

Cutpoint 2 0.38 0.68 1.35

Cutpoints are the estimated point on the latent variable (sleep) used to differentiate normal blood glucose from elevated blood glucose and elevated
blood glucose from hyperglycemia when the predictor variables are evaluated at zero. *P , 0.05.
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