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a b s t r a c t

Study objectives: While anxiety rates are alarmingly high in short sleeping insomniacs, the relationship
between insomnia and anxiety symptoms has not been extensively studied, especially in comparison to
the relationship between insomnia and depressive symptoms. Using residency training as a naturalistic
stress exposure, we prospectively assessed the role of sleep disturbance and duration on anxiety-risk in
response to stress.
Methods: Web-based survey data from 1336 first-year training physicians (interns) prior to and then
quarterly across medical internship. Using mixed effects modeling, we examined how pre-internship
sleep disturbance and internship sleep duration predicted symptoms of anxiety, using an established
tool for quantifying symptom severity in generalized anxiety disorder (GAD).
Results: Pre-internship poor sleepers are at more than twice the odds of having short sleep (�6 h) during
internship as good sleepers (OR ¼ 2.38, 95% CI ¼ 1.61, 3.57). Poor sleepers were also at twice the odds for
screening positive for probable GADdiagnosis (OR¼ 2.08, 95% CI¼ 1.26, 3.45). Notably, sleep onset insomnia
strongly predicted anxiety development under stress (OR ¼ 3.55, 95% CI ¼ 1.49, 8.45). During internship,
short sleep associated with concurrent anxiety symptoms (b¼ �0.26, 95% CI¼ �0.38,�0.14) and predicted
future anxiety symptoms even more strongly (b ¼ �0.39, 95% CI ¼ �0.76, �0.03).
Conclusions: Poor sleepers, particularly those with sleep onset insomnia symptoms, are vulnerable to
short sleep and GAD anxiety and worry during chronic stress.

© 2018 Published by Elsevier B.V.
1. Introduction

Clinical anxiety is the most highly prevalent form of mental
illness in the US [1,2] with enormous personal and financial costs
[3,4]. Identifying individuals at risk for developing anxiety disor-
ders prior to disease onset could foster preventive or early in-
terventions and reduce the public health burden. A burgeoning
literature identifies problematic sleep as a common precursor to
mental illness, particularly depression [5e9], and growing evidence
suggests that concomitant short sleep may augment the pathoge-
nicity of sleep disturbance during stress [10e13]. As much of the
University of Michigan Med-
USA.
work on psychiatric illness in the context of poor sleep has centered
on depression, anxiety is an often overlooked epidemic in insomnia
[10,14,15]. Recent epidemiological data suggest that individuals
with both short sleep and insomnia (which are distinct types of
sleep disruption [10,11,16]) experience more anxiety symptoms
than those with short sleep or insomnia alone [12,17].

GAD is a common and disabling form of clinical anxiety that
affects 9.0% of US adults across the lifespan [18], and typically runs a
chronic course with symptomatic ebbs and flows [19]. Its defining
characteristic is persistent and excessive worry, which involves
recurrent and intrusive thoughts about potential negative out-
comes signaled by perceived threats [20,21]. Worrying and per-
severating on stressors precludes adaptive emotion regulation,
thereby giving rise to and prolonging negative and anxious affect
states [22e24]. Although GAD patients are known to sleep poorly
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(sleep disturbance is one of its diagnostic criteria), whether poor
sleep precedes anxiety development or is an expression or conse-
quence of its presence is unknown.

Possibly linking sleep disturbance to GAD, cognitive arou-
saldincluding worry and other formsdis a key component in
current models of insomnia [14,25e29]. However, causality may
run in both directions in creating a link between sleep disturbance
and GAD. Individuals who struggle to initiate and maintain sleep
may be especially vulnerable to worry and to GAD by extension,
given that the inability to sleep creates a period of solitary and
unstructured time in bed at night. Potentially compounding this
anxiogenic cognitive environment, poor sleepers with short sleep
duration (eg, �6 h/night [30]) exhibit poorer ability to regulate
stress than those with normal sleep duration [10,31]. A substantial
portion of cognitive arousal in poor sleepers occurs during the pre-
sleep period [25,32], thus poor sleepers presenting primarily with
sleep onset insomnia symptoms may be especially prone to
nocturnal pathological worry when stressed. Despite evidence
suggesting that individuals with short and disturbed sleep are
highly vulnerable to stress and to psychopathology, anxiety re-
mains understudied as a consequence of sleep problems. No pro-
spective research to-date has examined the independent and
combined effects of sleep disturbance and short sleep on anxiety
development during chronic stress.

Stress-diathesis research faces many logistical challenges
including reliance on retrospective assessments and substantial
variation in the type and intensity of stress between subjects.
Medical internship is a rare situation where we can prospectively
predict that a large cohort of individuals will experience dramatic
increases in stress, thus offering a unique paradigm to study stress-
related risk factors in mental illness. Indeed, medical internship
year is a difficult transition marked by high stress [33,34], long
workdays and burnout [35,36], and inadequate sleep [37e42]. Prior
studies have shown these factors to create an environment fertile
for developing psychiatric illness [13,43e47]. Significantly, nearly
one-fifth of training physicians report significant sleep disturbance
complaints in the months preceding intern year, and these
disturbed sleepers are at more than twice the odds to develop
depression during internship than good sleepers [39]. Further,
medical interns report high rates of short sleep [38e40], which has
been shown to increase depression-risk [13,40]. However, it is
presently unclear whether both short and disturbed sleep confer
stress-related vulnerabilities to other debilitating forms of psy-
chopathology, like GAD.

The present study investigated whether sleep disturbance and
short sleep predict GAD symptoms during stress. We collected
sleep and anxiety data from training physicians across the US prior
to and then quarterly across the intern year. Leveraging internship
as a naturalistic stress exposure, we prospectively characterized
changes in sleep and anxiety in response to stress. We hypothe-
sized that sleep disturbance and short sleep (�6 h/night) would
predict higher anxiety under stress. As cognitive arousal among
poor sleepers often dominates the presleep period, we also hy-
pothesized that subjects reporting nocturnal symptoms of sleep
onset insomnia would be particularly vulnerable to anxiety during
stress.

2. Methods

2.1. Participants

The Intern Health Study is a multi-site prospective cohort study
that assesses stress, mood, sleep, and work-related behaviors
before and across the internship year. The study was approved by
the University of Michigan institutional review board and all
subjects provided informed consent. Trainees were recruited via
email with 1342 interns (58% participation rate) in 10 specialties
across 33 institutions agreeing to participate in the study. Of these
subjects, 1336 reported anxiety symptoms (our primary outcome
variable, measured quarterly) at least once prior to and during
intern year (Pre-internship n ¼ 1326; Q1 n ¼ 996; Q2 n ¼ 985; Q3
n ¼ 934; Q4 n ¼ 908).

2.2. Procedure

Data were collected using web-delivered surveys hosted by
Qualtrics. Procedures have been outlined in detail elsewhere
[43,48]. Briefly, participants were recruited after internship match
and those enrolled were emailed web-based surveys on mood,
health behaviors, stress, internship factors, and demographics at
five time-points: 1e2 months prior to internship (pre-internship),
then quarterly across intern year (at 3, 6, 9, and 12 months).

2.3. Measures

Age, gender, and medical specialty were collected prior to
internship start, along with measures of anxiety, depression, and
sleep. Symptoms of GAD were measured using the Generalized
Anxiety Disorder 7-item [49] scale (GAD-7), a brief self-report
measure of symptom severity in GAD (including worry, restless-
ness, and difficulty relaxing). Scores �10 were interpreted as
screening positive for GAD. Validation research has shown this �10
cut-point to boast good sensitivity (89%) and specificity (82%) for
detecting clinical GAD [49]. Symptoms of depression were
measured with the Patient Health Questionnaire-9 (PHQ-9) [50], a
9-item self-report measure of depressive symptom severity. The
PHQ-9 has 88% sensitivity and 93% specificity for detecting clinical
depression, with scores �10 interpreted as screening positive for
depression [50]. The GAD-7 and the PHQ-9 were repeated quarterly
over the internship year.

The 19-item Pittsburgh Sleep Quality Index [51] (PSQI) was used
prior to internship to assess sleep quality based on self-reported
sleep duration, sleep onset latency, sleep efficiency, subjective
sleep quality, and sleep interfering-behaviors. A global cutoff score
of >5 yields good sensitivity (90%) and specificity (87%) in dis-
tinguishing good from poor sleepers. Higher scores on the PSQI
indicate greater sleep disturbance. Estimated sleep latency was
derived from PSQI item #2 (‘How long in minutes has it taken you
to fall asleep each night?’), with latencies >30 m identified as
problematic per established quantitative cutoffs [52]. Sleep onset
insomnia was assessed with PSQI item #5a (‘During the past
month, how often have you had trouble sleeping because you
cannot get to sleep within 30 min’), with responses of ‘Three or
more times a week’ indicating the presence of nocturnal sleep
onset insomnia symptoms. Responses to PSQI item#4a (‘During the
past month, howmany hours of actual sleep did you get at night?’)
were used to estimate pre-internship sleep duration.

Sleep duration was also assessed quarterly during internship,
along with the GAD-7 and PHQ-9, using the question: “On average,
how many hours per day have you slept per night over the past
week?” Individuals who reported sleeping a nightly average of�6 h
were identified as short sleepers per empirically derived cutoffs for
neurobehavioral dysfunction [53]. Weekly work hours were also
estimated quarterly in response to the question: “On average, how
many hours have you worked in the past week?”

2.4. Analysis

Analyses were conducted using SPSS 24 and STATA SE 15.1, with
a significance threshold of p < 0.05. First, we compared non-
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anxious interns (those who never screened positive for anxiety)
and anxious interns (screened positive at any time prior to or
during internship) on demographics, internship factors, and mood
and sleep parameters to examine differences in group character-
istics. To test our specific hypotheses, linear mixed effects modeling
with random intercepts was used to estimate internship anxiety
symptoms (as a within-subjects factor) as predicted by pre-
internship sleep disturbance (between-subjects factor) and
internship sleep duration (within-subjects factor), while control-
ling for demographic and internship factors such as gender,
internship work hours (within-subjects factor), internship
depression symptoms (between-subjects factor), and time (as
repeated measures during internship showed significant change
over time). Mixed effects logistic regression was used when pre-
dicting anxiety status (negative vs positive screen) during intern
year. Lastly, we used c2 analyses and dummy coded logistic
regression to compare odds for developing new onset anxiety
among different sleep classifications based on pre-internship sleep
disturbance, pre-internship sleep onset insomnia symptoms, and
internship sleep duration.
3. Results

3.1. Demographics and sample characteristics

Consistent with internship as a naturalistic stress exposure that
increases stress-related anxiety symptoms, rates of positive GAD
screens increased from 3.2% in the pre-internship period to
10.4e15.3% during intern year (see Table 1 for quarterly de-
scriptives). Prior to testing hypotheses, we compared demographics
and characteristics across two groups: interns who never screened
positive for clinical anxiety prior to or during internship vs those
who screened positive for clinical anxiety at any time prior to or
during internship. Overall, anxious interns were at greater odds of
being female and endorsed greater sleep disturbance, shorter sleep,
greater sleep aid use, and more depression than non-anxious in-
terns; see Table 1 for full results.
3.2. Sleep, stress, and anxiety

We first examined whether pre-internship sleep quality predicts
duration of sleep obtained during internship. Logistic mixed
modeling showed that pre-internship poor sleepers had more than
twice the odds as good sleepers of developing short sleep (b¼�0.87,
z ¼ �4.41, OR�1 ¼ 2.38, 95% CI ¼ 1.61e3.57), even while controlling
for gender (p ¼ 0.17), pre-internship anxiety status (p ¼ 0.61), work
hours (OR ¼ 1.09, 95% CI ¼ 1.08e1.10), and time (p ¼ 0.61).

We next assessed whether pre-internship factors predict anxi-
ety under internship stress using linear mixed modeling (see
Table 2, Model 1). Sleep disturbance (b ¼ 0.09, p ¼ 0.04), female
gender (b ¼ 0.86, p < 0.001), and pre-internship anxiety (b ¼ 0.47,
p < 0.001) but not pre-internship depression (p ¼ 0.09) predicted
GAD-7 anxiety symptoms during internship.

We then identified within-internship factors predictive of
internship anxiety (Table 2, Model 2). Linear mixed modeling
showed that shorter sleep was linked to greater anxiety within the
internship year (b¼�0.26, p< 0.001). Importantly, the relationship
between internship sleep duration and anxiety remained signifi-
cant even after controlling for internship depression (b ¼ 0.66,
p < 0.001), work hours (b ¼ 0.02, p < 0.001), and pre-internship
factors. A parallel logistic mixed effects model with GAD status
(negative vs positive screen) as the outcome showed that pre-
internship poor sleepers were at two-fold greater odds for
screening positive for GAD (OR ¼ 2.08, p < 0.01; Table 2, Model 3)
and that interns more than doubled their anxiety-risk when
sleeping� 6 h per night during internship (OR�1 ¼ 2.33, p < 0.001).

After finding that short sleep duration and anxiety were asso-
ciated during internship, we tested directionality by lagging
within-internship predictors in our mixed effects models. We first
found that shorter sleep during internship predicts greater anxiety
three months later (b ¼ �0.39, p ¼ 0.03; Table 2, Model 4).
Importantly, this relationship was not accounted for by lagged
values for work hours (p ¼ 0.97) or anxiety (b ¼ 2.32, p < 0.001). In
a follow-up model examining the opposite direction (Table 2,
Model 5), we found that internship anxiety (b ¼ 0.03, p < 0.001)
predicted shorter sleep later during internship. Notably, the effect
size of short sleep on future anxiety (b ¼ 0.39) was considerably
larger than the effect size of anxiety on future sleep (b ¼ 0.03).

3.3. Sleep onset insomnia and short sleep duration: anxiety risk
factors

Sleep onset insomnia is considered critical in linking sleep
disturbance and anxiety during stress. To test anxiety-risk associ-
ated with sleep onset insomnia specifically, we ran a logistic mixed
model estimating intern anxiety status as predicted by pre-
internship sleep onset insomnia symptoms, while controlling for
pre-internship short sleep, internship short sleep, and previously
identified covariates (Table 2, Model 6). Training physicians with
sleep onset insomnia prior to internship were at three-to-four-fold
greater odds for screening positive for GAD than those with good
sleep (OR ¼ 3.55, 95% CI ¼ 1.49, 8.45). Of note, short sleep during
internship was also significant in the model (OR ¼ 2.50, p < 0.001),
whereas pre-internship short sleep was not (p ¼ 0.88).

3.4. Rates of new onset anxiety: comparing sleep groups

Lastly, we evaluated rates of new onset anxiety during intern-
ship based on sleep classification. To examine new onset anxiety
specifically, we included only subjects who did not meet the clinical
cut-off for GAD prior to internship. Sleep disturbance and sleep
onset insomnia were based on pre-internship PSQI, whereas short
sleep classification here was based on average sleep duration re-
ported during internship (minimum of two observations). Consis-
tent with the mixed models, problematic sleepers with significant
sleep disturbance, sleep onset insomnia symptoms, and short sleep
durationwere significantly more likely than good sleepers to newly
reach clinical levels of anxiety symptom endorsement when under
stress (see Table 3 for full results).

Because sleep disturbance/insomnia symptoms have synergistic
effects with short sleep duration on morbidity, we also compared
anxiety rates among good vs poor sleepers with and without short
sleep (Table 3, Model: Sleep disturbance & short sleep). A dummy
coded logistic regression model (good and sufficient sleepers as the
reference group) showed that interns with poor quality but suffi-
cient sleep (OR ¼ 2.44, 95% CI ¼ 1.52e3.91, p < 0.001) and interns
with poor quality and short sleep (OR ¼ 3.03, 95% CI ¼ 1.72e5.33,
p < 0.001) were at greater risk for anxiety than good sleepers with
sufficient sleep. However, interns with good quality but short sleep
were not at elevated anxiety-risk (OR ¼ 1.39, 95% CI ¼ 0.94e2.07,
p ¼ 0.10).

We repeated the above analysis to examine for synergistic ef-
fects between sleep onset insomnia symptoms and short sleep
(Table 3 Model: Sleep onset insomnia & short sleep). Dummy coded
logistic regression (subjects with sufficient sleep and no insomnia
as reference group) showed that insomniacs with sufficient sleep
(OR¼ 3.13, 95% CI¼ 1.49e6.60, p < 0.01) and insomniacs with short
sleep (OR ¼ 4.35, 95% CI ¼ 1.83e10.33, p < 0.01) were both at
elevated anxiety-risk.



Table 1
Sample characteristics (n ¼ 1336).

Non-anxious interns (n ¼ 1089) Anxious interns (n ¼ 247)

Age (M ± SD) 27.49 y ± 2.82 27.73 y ± 2.81 t ¼ 1.20, p ¼ 0.23
Female (n, %) 487/1078; 45.2% 113/184; 61.4% c2 ¼ 16.61***, RR ¼ 1.36
Race (%)
White 61.8% 61.2% ns
Black 3.9% 2.9% ns
Asian 21.8% 24.5% ns
Latino 3.1% 3.3% n/a
Native American 0.0% 0.4% n/a
Pacific Islander 0.1% 0.4% ns
Multi-racial 4.6% 3.3% ns
“Other” 4.7% 4.1% ns

Specialty (%)
Internal Medicine 35.9% 32.4% ns
Surgery 11.8% 11.3% ns
Obstetrics and Gynecology 4.0% 5.7% RR ¼ 1.43, p < 0.05
Pediatrics 9.9% 15.8% ns
Psychiatry 5.7% 6.9% ns
Emergency Medicine 6.8% 4.9% ns
Medicine/Pediatrics 2.2% 2.0% ns
Family Practice 5.9% 4.5% ns
“Other” 16.9% 15.0% ns
Transitional 1.0% 1.6% n/a

Anxiety (M ± SD, prevalence)
Pre-internship 1.62 ± 1.94 5.40 ± 4.50 t ¼ 19.06***, d ¼ 1.09; 3.2%
3 months 2.72 ± 2.45 10.96 ± 4.02 t ¼ 33.65***, d ¼ 2.48; 11.3%
6 months 2.66 ± 2.41 10.26 ± 4.85 t ¼ 28.83***, d ¼ 1.98; 11.9%
9 months 2.72 ± 2.45 9.57 ± 5.31 t ¼ 23.71***, d ¼ 1.66; 10.4%
12 months 3.49 ± 3.37 10.27 ± 4.99 t ¼ 19.66***, d ¼ 1.59; 15.3%

Sleep
Pre-internship
Disturbance; % poor 3.45 ± 2.40; 16.6% 4.82 ± 3.16; 36.1% t ¼ 7.42***, d ¼ 0.49, RR ¼ 2.17
Latency; % > 30 m 16.03 m ± 12.05; 5.7% 18.89 m ± 14.49; 12.2% t ¼ 3.19**, d ¼ 0.21, RR ¼ 2.14
Sleep onset insomnia n,% 48/1020, 4.5% 30/243, 12.3% c2 ¼ 21.81***, RR ¼ 2.73
Duration; % short (�6 h) 7.35 h ± 1.15; 20.4% 7.16 h ± 1.28; 28.2% t ¼ �1.95*, d ¼ 0.14, RR ¼ 1.38
Sleep aid use 12.7% 24.0% c2 ¼ 19.91, p < 0.001

Within-internship
Duration at 3 months, % short 6.44 h ± 0.94; 47.1% 6.21 h ± 0.97; 54.5% t ¼ �3.16**, d ¼ 0.24, RR ¼ 1.16
Duration at 6 months, % short 6.49 h ± 0.93; 47.1% 6.35 h ± 1.09; 53.3% t ¼ 2.00*, d ¼ 0.14, RR ¼ 1.13
Duration at 9 months, % short 6.50 h ± 1.10; 47.1% 6.39 h ± 1.10; 50.3% t ¼ �1.28, p ¼ 0.20
Duration at 12 months, % short 6.50 h ± 0.92; 49.0% 6.43 h ± 1.11; 53.5% t ¼ �0.84, p ¼ 0.40

Depression (M ± SD)
Pre-internship 2.12 ± 2.48 4.63 ± 4.07 t ¼ 11.41***, d ¼ 0.75
3 months 4.47 ± 3.39 10.68 ± 4.98 t ¼ 18.98***, d ¼ 1.46
6 months 4.60 ± 3.55 10.51 ± 5.23 t ¼ 17.15***, d ¼ 1.32
9 months 4.69 ± 3.57 9.77 ± 5.37 t ¼ 13.82***, d ¼ 1.11
12 months 4.50 ± 3.80 9.92 ± 5.05 t ¼ 14.38***, d ¼ 1.21

Work hours (M ± SD)
3 months 65.52 h ± 16.86 71.45 h ± 12.94 t ¼ 4.13***, d ¼ 0.39
6 months 65.37 h ± 17.30 65.93 h ± 19.62 t ¼ 0.36, p ¼ 0.72
9 months 64.67 h ± 17.00 64.90 h ± 18.89 t ¼ 0.15, p ¼ 0.88
12 months 62.53 h ± 18.62 63.07 h ± 21.12 t ¼ 30, p ¼ 0.76

Non-anxious interns never screened positive for anxiety before or during internship. Anxious interns screened positive for anxiety at any time prior to or during internship. Pre-
internship sleep assessed by the Pittsburgh Sleep Quality Index. Internship sleep and work hours were self-reported. Sleep onset insomnia indicated by endorsing ‘Cannot get to
sleep within 30 min three or more times a week’ (PSQI item #5a, ‘Cannot get to sleep within 30min’ on�3 days/week). Anxiety assessed by the Generalized Anxiety Disorder 7-
item scale. Depression assessed by the Patient Health Questionnaire 9-item scale. M ¼ mean. SD ¼ standard deviation. t ¼ t-statistic. p ¼ significance value. d ¼ Cohen's d.
c2 ¼ chi-square. RR ¼ relative risk. *p < 0.05, **p < 0.01, ***p < 0.001. ns ¼ non-significant difference in column proportions. n/a ¼ insufficient observations in at least one cell
to compare column proportions.
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4. Discussion

Leveraging medical internship as a natural stress exposure, this
study examined whether sleep disturbance and short sleep predict
symptoms of GAD during stress in 1336 training physicians. Phy-
sicians with significant sleep disturbance prior to internship were
vulnerable to both short sleep and anxiety development during
chronic stress exposure. Short sleep during internship further
increased risk for anxiety. Difficulty falling asleep was the strongest
predictor of stress-related vulnerability to anxiety, suggesting that
individuals struggling to fall asleep may be especially vulnerable to
worry in the context of stress.We found evidence for a bidirectional
relationship between short sleep and GAD symptoms during
internship (Fig. 1).

Rates of positive GAD screens were consistently elevated among
resident physicians with problematic sleep. Importantly, 45.5% of
those who endorsed symptoms of sleep onset insomnia (sleep la-
tency > 30 on �3 nights/week for at least one month) and habitual
short sleep (�6 h/night) screened positive for GAD during intern-
ship. These rates were nearly three times as high as individuals
without either insomnia or short sleep (16.1%). These rates of
clinical level GAD symptom endorsement are drastically higher
than 12-month GAD prevalence rates of 3.1% in US adults [2], which
highlights the magnitude of general risk for development of



Table 2
Anxiety during internship as estimated by sleep disturbance.

b (SE) 95% CI z p

Model 1: Pre-internship factors predicting internship anxiety (obs ¼ 3536)
Pre-internship Predictors
Age 0.04 (0.04) e0.03, 0.11 1.19 0.24
Female gender 0.86 (0.19) 0.48, 1.23 4.47 <0.001
Anxiety 0.47 (0.04) 0.39, 0.55 11.56 <0.001
Depression 0.07 (0.04) e0.01, 0.16 1.67 0.09
Sleep disturbance 0.09 (0.04) 0.00, 0.17 2.01 0.04

Internship Predictors
Time 0.19 (0.05) 0.10, 0.27 4.55 <0.001

Model 2: Pre-internship & internship factors predicting anxiety (obs ¼ 3529)
Pre-Internship Predictors
Age 0.02 (0.03) e0.03, 0.07 0.73 0.47
Female gender 0.30 (0.13) 0.04, 0.56 2.25 0.03
Anxiety 0.34 (0.03) 0.29, 0.40 12.02 <0.001
Depression e0.17 (0.03) e0.23, �0.11 �5.34 <0.001
Sleep disturbance e0.02 (0.03) e0.08, 0.04 e0.76 0.45

Internship Predictors
Time 0.24 (0.04) 0.16, 0.31 5.98 <0.001
Sleep duration e0.26 (0.06) e0.38, �0.14 �4.33 <0.001
Work hours 0.02 (0.00) 0.02, 0.03 7.62 <0.001
Depression 0.66 (0.02) 0.62, 0.70 32.50 <0.001

Model 3: Short and disturbed sleep predicting intern anxiety status (obs ¼ 3529)
Pre-Internship Predictors OR; 95% CI
Age 0.01 (0.04) e 0.29 0.77
Female gender 0.72 (0.24) 2.05; 1.30, 3.25 3.08 <0.001
Anxious vs non-anxious 2.02 (0.58) 7.55; 2.44, 23.36 3.51 <0.001
Depressed vs non-depressed 1.41 (0.57) 4.10; 1.34, 12.54 2.48 0.01
Poor vs good sleep 0.73 (0.26) 2.08; 1.26, 3.45 2.85 <0.01

Internship Predictors
Time 0.19 (0.06) 1.21; 1.07, 1.37 3.07 <0.01
Short sleep (�6 h) e0.84 (0.21) 2.33*; 1.54, 3.57 �3.99 <0.001
Work hours (>70 h) 0.02 (0.04) e 0.61 0.55
Depressed vs non-depressed 0.30 (0.06) 1.35; 1.21, 1.50 5.42 <0.001

Model 4: Internship sleep duration predicting future anxiety (obs ¼ 2281)
Pre-Internship Predictors
Age 0.01 (0.02) e0.05, 0.06 0.18 0.86
Female gender 0.19 (0.16) e0.11, 0.50 1.24 0.22
Anxiety 0.80 (0.37) 0.07, 1.53 2.16 0.03
Depression 0.55 (0.34) e0.13, 1.23 1.58 0.11
Sleep disturbance 0.22 (0.17) e0.11, 0.56 1.32 0.19

Internship Predictors
Time 0.18 (0.09) e0.00, 0.36 1.93 0.05
Sleep duration, lagged e0.39 (0.19) e0.76, �0.03 �2.12 0.03
Work hours, lagged 0.00 (0.06) e0.11, 0.11 0.03 0.97
Anxiety, lagged 2.32 (0.21) 1.92, 2.72 11.28 <0.001
Depression 0.17 (0.03) 0.10, 0.23 5.09 <0.001

Model 5: Anxiety symptoms predicting future sleep duration (obs ¼ 2305)
Pre-Internship Predictors
Age e0.01 (0.01) e0.02, 0.01 e0.90 0.37
Female gender 0.07 (0.04) e0.00, 0.15 1.89 0.06
Anxiety 0.00 (0.01) e0.02, 0.02 0.05 0.96
Depression 0.02 (0.01) 0.00, 0.04 2.32 0.02
Sleep disturbance e0.02 (0.01) e0.03, �0.00 �2.01 0.04

Internship Predictors
Time �0.01 (0.02) �0.05, 0.04 �0.31 0.75
Anxiety, lagged 0.03 (0.01) 0.02, 0.04 4.77 <0.001
Work hours, lagged 0.00 (0.00) �0.00, 0.00 1.10 0.27
Sleep duration, lagged 0.41 (0.02) 0.35, 0.45 17.12 <0.001
Depression �0.06 (0.01) �0.07, �0.05 �8.12 <0.001

Model 6: Insomnia and short sleep predicting intern anxiety status (obs 3553)
Pre-Internship Predictors OR; 95% CI
Age 0.00 (0.04) e 0.10 0.92
Female gender 0.71 (0.23) 2.03; 1.29, 3.20 3.04 <0.01
Anxious vs non-anxious 2.20 (0.57) 9.06; 2.94, 27.93 3.84 <0.001
Depressed vs non-depressed 1.61 (0.56) 5.02; 1.68, 15.15 2.87 <0.01
Sleep onset insomnia 1.27 (0.44) 3.55; 1.49, 8.45 2.86 <0.01
Short sleep (�6 h) e0.05 (0.28) e -0.16 0.88

Internship Predictors
Time 0.19 (0.21) 1.20; 1.07, 1.36 3.00 <0.01
Short sleep (�6 h) e0.92 (0.21) 2.50*; 1.67, 3.70 �4.38 <0.001
Work hours (>70 h) 0.03 (0.04) e 0.64 0.52
Depressed vs non-depressed 0.29 (0.06) 1.34; 1.20, 1.50 5.34 <0.001

n ¼ sample size. b ¼ unstandardized regression coefficient. SE ¼ standard error.
CI ¼ confidence interval. z ¼ z-statistic. p ¼ significance value. c2 ¼ chi-square.
obs ¼ number of observations in model. OR ¼ Odds Ratio, not reported for pa-
rameters with p-values > 0.10. * ¼ OR inversed to improve interpretability. Pre-
Internship Predictors regard between-subjects effects, whereas Internship Pre-
dictors concern within-subjects effects. Anxiety measured by the Generalized Anx-
iety Disorders 7-item scale. Depression measured by the Patient Health Questionnaire
9-item scale. Pre-internship sleep latency and duration measured by items #2 and
#4a of the Pittsburgh Sleep Quality Index (PSQI), respectively. Sleep onset insomnia
indicated by endorsing ‘Cannot get to sleep within 30 min three or more times a
week’ (PSQI item #5a, ‘Cannot get to sleep within 30 min’ on � 3 days/week). Time
measured quarterly. Internship sleep duration and work hours were estimated by
subjects.

D.A. Kalmbach et al. / Sleep Medicine 55 (2019) 40e4744
significant GAD symptoms during the chronic stress of medical
internship and the markedly increased vulnerability for problem-
atic sleepers.

These findings add support for sleep disturbance as a potential
diathesis for GADda disorder flush with unmoored worries about
perceived future threats and stressorsdduring chronic stress.
Nocturnal wakefulness provides a breeding ground for worrisome
thoughts, and nocturnal cognitive arousal is well-documented in
disturbed sleep and insomnia [26,27,29,54e57]. Indeed, poor
sleepers are more likely to engage in presleep negative repetitive
thinking and to do so for longer durations than good sleepers [55].
Stress exposure may amplify this tendency for nocturnal cognitive
arousal among those struggling to sleep by providing fodder for
worry. Moreover, the inability to fall asleep can itself trigger negative
schema (eg, helplessness) that provide additional content for pre-
sleep cognitive arousal [58]. Building on findings that sleep onset
difficulties are often prodromal and presage more severe and
debilitating forms of insomnia [59,60] and are linked to cognitive
arousal and worry [61e63], our work adds further evidence impli-
cating prolonged sleep latency as a key factor in stress vulnerability.
By comparison, good sleepers may be resilient in the face of stress, as
falling and staying asleep at night may serve as an adaptive reprieve
from worrisome thoughts that dominate during the day.

Our results also lend support to the growing recognition that
various dimensions of sleep-wake function independently and
aggregately impact health [16]. A burgeoning literature highlights
the synergistically detrimental effects of sleep disturbance
(reduced efficiency) and objectively measured short sleep (reduced
duration) on psychiatric illness and other morbidities
[10,11,64e68]. In a recent epidemiological cross-sectional analysis
on insomnia and short sleep, we found that insomniacs with short
sleep endorse higher rates of anxiety than those with insomnia or
short sleep alone [12]. Our data here expand on these findings by
prospectively demonstrating that short sleep during stress may
augment the influences of pre-existing sleep disturbance and
insomnia on GAD symptom development in the context of stress.
Consistent with our findings, others have shown that insomniacs
who also had short sleep duration demonstrate greater encepha-
lographic cortical activity during sleep than insomniacs with
normal sleep duration [69]. This may reflect heightened vulnera-
bility to stress-activated cognitive arousal intruding on and further
disrupting efforts to sleep. The causal sequence here remains un-
certain. Poor sleep may set the stage for symptom development in
the context of stress, which then further undermines sleep. It may
also reflect an underlying GAD-related vulnerability, with sleep
onset insomnia as a predictive marker, and short sleep in the
context of stress as a subsequent development that then fosters full
expression of the disorder. It is necessary to emphasize here that
objectively measured short sleep (via polysomnography or wearable
technology) is ultimately critical for determining risk of adverse
outcomes associated with sleep disturbance and insomnia. Future

research is needed to replicate findings of the current study with
objective sleep duration data to better understand the long-term



Table 3
Rates of anxiety onset during internship based on sleep disturbance and duration.

Anxiety rates Model fit

Never-anxious Anxiety onset Onset rates

Sleep disturbance c2 ¼ 18.36, p < 0.001
Good sleepers 856 135 13.6%
Poor sleepers 170 57 25.1% RR ¼ 1.85

Sleep duration Х2 ¼ 7.16, p < 0.01
Sufficient sleepers 591 142 19.4%
Short sleepers 245 89 26.6% RR ¼ 1.37

Sleep onset insomnia Х2 ¼ 19.69, p < 0.001
No insomnia 1020 176 14.7%
Insomniacs 48 25 34.2% RR ¼ 2.33

Sleep disturbance & short sleep Х2 ¼ 24.82, p < 0.001
Good and sufficient 492 85 14.7%
Good, but short 191 46 19.4% RR ¼ �
Poor, but sufficient 76 32 29.6% RR ¼ 2.01
Poor and short sleep 42 22 34.4% RR ¼ 2.34

Sleep onset insomnia & short sleep c2 ¼ 21.49, p < 0.001
No insomnia, sufficient 548 105 16.1%
No insomnia, short 221 58 20.8% RR ¼ �
Insomnia, sufficient 20 12 37.5% RR ¼ 2.33
Insomnia, short 12 10 45.5% RR ¼ 2.83

Sample presented here only consists of subjects who screened negative for clinical anxiety prior to internship on the Generalized Anxiety Disorders 7-item scale. Never-
anxious ¼ never screened positive for anxiety during study. Anxiety onset ¼ screened positive for anxiety at any time during internship. Sleep disturbance measured by the
Pittsburgh Sleep Quality Index (PSQI). Good sleepers scored <5 on the PSQI, whereas Poor sleepers scored�5. Sleep duration was estimated by subjects during internship. Short
sleepers reported an average sleep duration across intern year of �6 h/night with at least two observations, whereas Sufficient sleepers averaged >6 h/night with at least two
observations. Sleep onset insomnia measured by PSQI item #5a ‘Cannot get to sleep within 30 min’ Subjects with insomnia reported inability to fall asleep within 30 m on � 3
days/week for at least one month, whereas subjects with No insomnia did not. Onset rate¼ % of subjects in each sleep classification who screened positive for GAD at any time
during internship. Model fit ¼ c2 analysis comparing sleep groups on anxiety rates. RR ¼ relative risk, relative to the best sleepers in each sleep classification.

Fig. 1. Prospective associations among sleep problems, anxiety, and pre-internship factors.

D.A. Kalmbach et al. / Sleep Medicine 55 (2019) 40e47 45
consequences of insomnia symptoms and short sleep on prospec-
tive anxiety-risk.

Our data support the idea that sleep onset insomnia may be a
marker of vulnerability, since it predicted later anxiety symptoms.
Although our data indicate a bidirectional relationship between
sleep duration and anxiety during chronic stress (which is consis-
tent with prior research [70]), short sleep had a substantially larger
impact on future anxiety, than vice versa. Notably, this finding has
been demonstrated in an independent cohort in the Intern Health
Study utilizing objective sleep data and daily mobile health moni-
toring [42]. Further work is needed to more precisely dissect the
causal pathways here and to determine their relevance to GAD as a
clinical disorder.

4.1. Limitations

Given that the sample consisted of training physicians, its de-
mographics do not represent the broader US adult population.
However, other literature on sleep disturbance, short sleep, and
psychiatric illness in non-physician populations [10,11,71] sug-
gests that our findings are not unique to this specialized sample,
with the exception of prevalence rates which are elevated among
interns. The GAD-7 has excellent diagnostic utility [49], but clin-
ical interviews are necessary for accurate diagnosis of DSM-
defined disorders. Similarly, collecting subjective ratings is an
important aspect of sleep measurement, but optimal assessment
would also include objective indicators (ie, polysomnography,
actigraphy). Further, sleep disorders were not evaluated in this
study, and sleep disturbance and sleep aid use were not assessed
during internship. Rather, only sleep duration itself was
measuring during internship. As such, the potential contributing
effects of sleep disorders, such as insomnia and shift work disor-
der, and internship-related sleep disturbances on anxiety were
not examined. Along these lines, shift work is common to medical
internship. Our prior work has shown that shift work related shifts
in sleep lead to shortened objective sleep and worsened mood
[42], but the effects of shift work were not accounted for in the
present study.
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Short sleep during internship likely represents a combination of
endogenously and exogenously reduced sleep duration. Although
internship work schedules likely truncated sleep opportunity in the
present study, stress exposure itself also disrupts and even shortens
sleep, particularly among those with sensitive sleep systems
[72e74]. This phenomenonmay have driven the effect we observed
wherein poor sleepers (with presumably less robust sleep systems,
hence the poor sleep) were twice as likely to have short sleep
during high stress than good sleepers.While we cannot disentangle
the effects of work-related sleep deprivation vs stress-related short
sleep on anxiety here, plenty of evidence shows that both endog-
enous and exogenous short sleep enhances negative emotionality
[10] and may thus augment the pathogenicity of sleep disturbance
(even if specific underlying mechanisms differ, which is likely the
case). Even so, future prospective investigations on stress and sleep
would benefit from differentiation between the effects of endoge-
nous vs exogenous short sleep on the risk relationship between
sleep disturbance and morbidity.

4.2. Conclusion and recommendations

Prolonged stress appears to amplify vulnerability to anxiety and
worry in those with short and disturbed sleep. First-year residents
are especially vulnerable to anxiety due to compromised sleep
during training; sleep is particularly poor among those consistently
working extended shifts, rotating shifts, and on-call nights [41,42].
Interventions targeting sleep onset insomnia and short sleep may
improve resilience to anxiety during stress. Early identification of
individuals with disrupted or short sleep may provide opportunity
to prevent anxiety. Personalized interventions focusing on
improving sleep, especially its initiation, may improve resilience to
anxiety, particularly among thosewho are prone toworry. Internet-
based delivery of cognitive behavioral therapy for insomnia (iCBTI)
[75e78] may be a cost-effective and easily accessible intervention
option to potentially reduce risk for clinical anxiety and escalating
sleep disruption; and early evidence supports iCBTI for treating
anxiety [78] and depressive symptoms [79,80]. Even so, internship
work schedules will likely present challenges for CBTI. Those with a
complex clinical presentations or comorbid psychiatric illness may
be likely best served to consult their primary health provider or a
specialist in sleep or mental health services for early and personally
tailored intervention.
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