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Abstract

Sleep disturbances are common in Posttraumatic Stress Disorder (PTSD) and can have major 

impacts on workplace performance and functioning. Although effects between PTSD and sleep 

broadly have been documented, little work has tested their day-to-day, temporal relationship 

particularly in those exposed to occupational trauma. The present study examined daily, 

bidirectional associations between PTSD symptoms and self-reported sleep duration and quality in 

World Trade Center (WTC) responders oversampled for PTSD.

A sample of WTC responders (N = 202; 19.3% with current PTSD diagnosis) were recruited from 

the Long Island site of the WTC health program. Participants were administered the Structured 

Clinical Interview for DSM-IV Disorders and completed daily assessments of PTSD symptoms 

and sleep duration and quality for seven days.

PTSD symptoms on a given day were prospectively associated with shorter sleep duration (β = −.

13) and worse sleep quality (β = −.18) later that night. Reverse effects were also significant but 

smaller, with reduced sleep duration (not quality) predicting increased PTSD the next day (β = −.

04). Effects of PTSD on sleep duration and quality were driven by numbing symptoms whereas 

effects of sleep duration on PTSD were largely on intrusion symptoms.
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PTSD symptoms and sleep have bi-directional associations that occur on a daily basis, 

representing potential targets to disrupt maintenance of each. Improving PTSD numbing 

symptoms may improve sleep, and increasing sleep duration may improve intrusion symptoms in 

individuals with exposure to work-related traumatic events. Specific targeting of symptoms may 

maximize benefits to improve work performance and functioning.
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Certain classes of occupations, such as first responders, are exposed to traumatic events on a 

frequent basis due to the nature of their work (McFarlane, Williamson, & Barton, 2009). 

Psychological and physical sequelae of occupational trauma exposure are numerous and 

appear to persist for many years (Huizink et al., 2006). In particular, first responders are at 

an elevated risk of developing posttraumatic stress disorder (PTSD; Skogstad et al., 2013). 

Among first responders, the prevalence of PTSD ranges from 5–40% (Galea, Nandi, & 

Vlahov, 2005), which is substantially higher than the general population (5–10%; Wise & 

Beck, 2015). PTSD is associated with significant functional impairment in occupational 

domains (Rodriguez, Holowka, & Marx, 2012), and exposure to occupational trauma 

specifically has wide-ranging physical and psychological effects (Graham, 2012).

Occupational trauma and subsequent PTSD have been linked with numerous consequences 

in the workplace including absenteeism, presenteeism, decrease in work productivity (el-

Guebaly et al., 2007; Honkonen et al., 2007; Kessler & Frank, 1997; Osinubi et al., 2008), 

difficulty managing time demands, output demands, and mental-interpersonal demands at 

work (Wald, 2009). A study reporting on the WHO World Mental Health Surveys of over 

60,000 people across 24 countries demonstrated those with PTSD reported an average of 43 

days of work missed compared to the overall average of 15 days missed (Alonso et al., 

2011). PTSD among first responders in particular has been linked with specific performance 

deficits in job-related domains like verbal memory, focused attention, complex cognitive 

tasks, and commission errors (Brewin, Kleiner, Vasterling, & Field, 2007; Horner, Mintzer, 

Turner, Edmiston, & Brawman-Mintzer, 2013; LeBlanc et al., 2011; LeBlanc et al., 2012; 

Regehr, LeBlanc, Shlonsky, & Bogo, 2010). Trauma exposure and consequent PTSD are 

clearly linked with poor occupational outcomes across many domains and thus ameliorating 

PTSD should be a top priority for employers in occupations at high risk of trauma exposure. 

However, PTSD occurring as a result of traumatic events in occupational settings is 

understudied (McFarlane & Bryant, 2007).

Occupational Trauma of World Trade Center Responders

Responders to the 9/11 attacks on the World Trade Center (WTC) were exposed to 

significant physical and emotional trauma during the rescue, recovery, and clean-up efforts 

(Landrigan et al., 2004; Neria, Digrande, & Adams, 2011). Up to 20% reported symptoms 

consistent with PTSD at some point since 9/11 (Berninger et al., 2010; Chiu et al., 2011; 

Cukor et al., 2011; Evans, Giosan, Patt, Spielman, & Difede, 2006; Evans, Patt, Giosan, 
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Spielman, & Difede, 2009; Jayasinghe, Giosan, Evans, Spielman, & Difede, 2008; Luft et 

al., 2012; Perrin et al., 2007; Stellman et al., 2008) with a significant portion of responders 

(up to 9.7%) still reporting clinical levels of PTSD symptoms over a decade after the attacks 

(Bromet et al., 2016). In addition to PTSD symptoms, WTC and other disaster responders 

commonly report various sleep disturbances (Benedek, Fullerton, & Ursano, 2007; de la Hoz 

et al., 2012; Giosan et al., 2015; Sunderram et al., 2011; Thormar et al., 2014). Studies have 

consistently found sleep disturbances are associated with PTSD symptom severity and also 

impact daytime occupational functioning, concentration, and memory in similarly exposed 

populations (Giosan et al., 2015; Sunderram et al., 2011). A cross-sectional study found 

increased subjective sleep disturbances were linked with greater PTSD symptom severity, 

suggesting disturbed sleep may exacerbate PTSD symptoms or vice versa (Germain, Buysse, 

Shear, Fayyad, & Austin, 2004). Existing evidence about the directionality of the temporal 

relationship between sleep disturbances and PTSD symptoms is still unclear (Babson & 

Feldner, 2010; Germain, 2013; Spoormaker & Montgomery, 2008). Examining the 

experience of WTC responders almost two decades after 9/11 gives us the unique 

opportunity to examine the long-lasting impacts of occupational trauma on PTSD and sleep.

PTSD and Sleep Disturbances

Few studies have examined the link between occupational trauma and subsequent sleep 

disturbances, particularly among first responders (Jones, 2017). Previous studies of first 

responders have estimated the prevalence of sleep disturbances (e.g., sleep deprivation, 

“poor sleep”) to be between 51–70%, which is much higher than the general population 

(Carey, Al-Zaiti, Dean, Sessanna, & Finnell, 2011; Courtney, Francis, & Paxton, 2013; 

Vargas de Barros, Martins, Saitz, Bastos, & Ronzani, 2013). One study compared sleep in 

747 police officers and 338 non-first responder controls and found police officers 

demonstrated significantly worse subjective sleep quality and significantly shorter subjective 

sleep duration (Neylan et al., 2002). Among police officers, exposure to critical incidents 

was associated with worse subjective sleep quality and nightmares (Neylan et al., 2002). 

Evidence suggests even minor occupational traumas such as workplace verbal aggression, 

harassment, bullying, injustice, violence, unwanted sexual attention, and accidents are 

related with subsequent sleep disturbances (Hansen et al., 2016; Khubchandani & Price, 

2015; Min, Park, Kim, & Min, 2014; Niedhammer et al., 2009). Due to the scarcity of 

literature, it is difficult to make firm conclusions about the link between occupational trauma 

and sleep disturbances. However, if occupational trauma follows a similar course to non-

occupational trauma, it is likely that sleep disturbance is a core feature of the post-traumatic 

period.

Disturbed sleep may be one explanation for the relationship between PTSD and poor work 

outcomes, as substantial research has demonstrated a relationship between sleep 

disturbances and negative workplace outcomes across numerous domains. Sleep difficulties 

like insomnia are related to higher rates of sick leave and absenteeism (Alonso et al., 2011; 

Bolge, Doan, Kannan, & Baran, 2009; Daley, Morin, LeBlanc, Grégoire, & Savard, 2009; 

Jacquinet-Salord, Lang, Fouriaud, Nicoulet, & Bingham, 1993; Kuppermann et al., 1995; 

Linton & Bryngelsson, 2000; Swanson et al., 2011), leaving work early (Swanson et al., 

2011), and clinical burnout (Söderström, Jeding, Ekstedt, Perski, & Åkerstedt, 2012). Sleep 
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difficulties have also been linked with presenteeism, specifically across domains such as 

reduced productivity and efficiency (Bolge et al., 2009; Daley et al., 2009; Erman, Guiraud, 

Joish, & Lerner, 2008; Stoller, 1994; Swanson et al., 2011; Walsh et al., 2007), poor 

performance in motor and cognitive domains (e.g., difficulty with concentration and 

organization; Erman et al., 2008; Kuppermann et al., 1995; Linton & Bryngelsson, 2000; 

Pilcher & Huffcutt, 1996; Swanson et al., 2011) and falling asleep at work (Swanson et al., 

2011). Finally, insomnia has been linked with increased risk for occupational injuries or 

accidents (Brossoit et al., 2018; Kao, Spitzmueller, Cigularov, & Wu, 2016; Swanson et al., 

2011), which may put individuals at risk for experiencing additional traumatic events. Sleep 

represents a unique intervention point to improve worker productivity and wellbeing and 

thus benefit both employers and employees (Magnavita & Garbarino, 2017). However, more 

research is needed to understand the relationship of sleep and PTSD in the context of 

occupational trauma.

Sleep Disturbances and PTSD

Mounting evidence suggests sleep disturbances may be a risk factor for PTSD, not merely a 

secondary symptom of the disorder (Koffel, Khawaja, & Germain, 2016; Taylor et al., 2016). 

First, disturbed sleep prior to a traumatic event may put people at greater risk for 

development of PTSD (Bryant, Creamer, O’Donnell, Silove, & McFarlane, 2010). For 

example, one longitudinal study of over 300 U.S. construction workers that found baseline 

insomnia symptoms were associated with workplace cognitive failures at 6 months and 

worse safety participation and minor workplace injuries at 12 months (Brossoit et al., 2018). 

Extended further, this may suggest that individuals with pre-existing sleep disturbances may 

be more likely to experience occupational accidents related with post-traumatic stress, 

although studies exploring this relationship are limited. Second, sleep following a trauma 

may meaningfully alter the course of PTSD, demonstrated by Kleim, Wysokowsky, Schmid, 

Seifritz, and Rasch (2016) who exposed 65 women to a laboratory trauma and found those 

randomly assigned to sleep directly afterwards reported significantly fewer intrusive 

memories than those assigned to stay awake. Similarly, a longitudinal study of 102 victims 

of motor vehicle accidents found insomnia symptoms at 1 month following the trauma 

predicted development of PTSD diagnosis at 12-month follow-up (Klein, Koren, Arnon, & 

Lavie, 2003). Finally, sleep disturbances may not merely reflect secondary symptoms of 

PTSD, but instead be independent comorbid disorders with a life of their own. This is 

suggested by a study of 108 active duty Army soldiers, a group frequently exposed to 

workplace traumatic events, which found after successful treatment for PTSD, insomnia 

complaints remained in 77% of the sample (Pruiksma et al., 2016).

The short-term dynamics between sleep and symptoms of PTSD are not well-understood. 

Studies using ecological momentary assessment (EMA) or daily diary methods are 

necessary to capture the daily fluctuations in PTSD symptoms and sleep duration and quality 

(Black et al., 2016). Research that looks at the two independently indicates significant short-

term within-person variability for both PTSD and sleep (Black et al., 2016; Buysse, Cheng, 

et al., 2010; Gaher et al., 2014; McFarlane, 2000; Possemato et al., 2012). Most previous 

research has failed to examine such dynamics on a daily basis, which may be important for 

understanding how symptoms of sleep disturbance and/or PTSD are maintained because the 
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dynamics between PTSD and sleep may play out in the very short term (e.g., day-to-day). 

Recently, Short, Allan, and Schmidt (2017) examined daily relationships between overall 

PTSD symptom severity and sleep disturbances (i.e., nightmares, sleep quality, duration, 

efficiency) in a community sample with PTSD (N = 30; 61% female) and found PTSD 

symptom severity predicted next-day nightmares but no other sleep domains. This study also 

found sleep quality and efficiency (not duration) predicted next day PTSD symptom severity 

and negative affect. However, the results of this study are only moderately comparable to the 

current sample of WTC responders with varying levels of PTSD symptoms, as participants 

all had a PTSD diagnosis, were primarily female, and the majority endorsed sexual assault 

as their Criterion A traumatic event. Thus, additional research is necessary to understand the 

short-term links between PTSD and sleep disturbances in a group whose symptoms are 

related to a traumatic workplace event that occurred many years prior. Given these previous 

findings, in the current study we hypothesized greater overall PTSD symptom severity 

during the day would predict shorter sleep duration and worse sleep quality that night 

(Hypothesis 1a). We also expected to find a reciprocal relationship, and therefore 

hypothesized shorter sleep duration and worse sleep quality the previous night would predict 

greater overall PTSD symptoms the next day (Hypothesis 1b).

Dimensions of PTSD and Sleep

Beyond looking at overall dynamics, PTSD is a heterogeneous syndrome (Zoellner, Pruitt, 

Farach, & Jun, 2014) and therefore sleep may have more relevance for some dimensions of 

the syndrome than others. Previous research has provided strong evidence for at least four 

dimensions underlying PTSD (Elhai & Palmieri, 2011; Yufik & Simms, 2010), yet most 

previous research on sleep disturbances and PTSD has examined PTSD as a whole 

(Mellman, Pigeon, Nowell, & Nolan, 2007). To our knowledge, only one cross-sectional 

study (Babson et al., 2011) has examined the associations between sleep disturbances and 

each PTSD symptom dimension separately. The four dimensions commonly described in 

PTSD, namely hyperarousal, numbing, avoidance, and intrusion, may be differentially 

related to sleep disturbances and act through varying mechanisms.

The links between hyperarousal symptoms and sleep disturbances have received the most 

attention in this area, but the directionality of the relationship is still unclear. Research 

suggests individuals with PTSD demonstrate greater cognitive and physiological arousal 

during sleep and alterations in sleep architecture compared to individuals without PTSD 

(Kobayashi, Boarts, & Delahanty, 2007; Woodward, Murburg, & Bliwise, 2000). One 

proposed mechanism for this relationship is that chronic hyperarousal may spur the 

development of insomnia due to the inappropriate and chronic simultaneous activation of the 

sleep and arousal systems (Bonnett & Arand, 2010). Simultaneously, sleep disturbances at 

night may result in next-day hyperarousal, evidenced by previous research that demonstrated 

short sleep duration and poor sleep quality are associated with daytime increases in 

sympathetic nervous system activation (Castro-Diehl et al., 2016; Stamatakis & Punjabi, 

2010). Thus, we hypothesized greater hyperarousal during the day would predict worse sleep 

quality and shorter sleep duration that night (Hypothesis 2a). We also hypothesized worse 

sleep quality and shorter sleep duration the previous night would predict greater 

compensatory hyperarousal the next day (Hypothesis 2b).
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Limited research has examined links between intrusion and sleep disturbances but existing 

evidence suggests intrusions may be associated with poor sleep quality. In a cross-sectional 

study, Babson et al. (2011) reported daytime re-experiencing, one form of intrusion, was 

related to sleep onset problems, sleep maintenance difficulties and nightmares in women 

with PTSD. One mechanism that may be responsible for this finding is that repeated 

intrusive thoughts and memories that occur during the day and prior to bedtime may 

contribute to cognitive rumination and arousal that is not conducive to restful sleep, 

manifesting as increased sleep onset latency (Zoccola, Dickerson, & Lam, 2009) or poor 

sleep quality (Berset, Elfering, Lüthy, Lüthi, & Semmer, 2011; Guastella & Moulds, 2007). 

Similarly, previous research suggests that specifically work-related affective rumination and 

perseverative cognitions are associated with poor sleep quality (Berset et al., 2011; Querstret 

& Cropley, 2012; Radstaak, Geurts, Beckers, Brosschot, & Kompier, 2014). Given existing 

evidence, we hypothesized greater intrusions during the day would predict worse sleep 

quality that night (Hypothesis 3).

Previous research on avoidance and sleep disturbances is limited and does not demonstrate 

strong evidence for a relationship between these variables. Indeed, Babson et al. (2011) 

found in a cross-sectional study that avoidance was not related to sleep onset, sleep 

maintenance, or nightmares in a group of women with PTSD. We might expect that avoiding 

reminders of the traumatic event might be associated with a short-term reduction in negative 

affect and thus not directly impact sleep on a daily basis above the impact of other PTSD 

symptom dimensions. Given the limited evidence in this area, we do not expect to find any 

relationship between avoidance and sleep variables.

To our knowledge, no studies have examined relationships between emotional numbing and 

sleep disturbances in a PTSD population, but some limited work has been done in other 

populations. For example, several studies in healthy individuals have demonstrated short 

sleep duration, both chronic and acute, is associated with daytime blunting in emotional 

intensity in response to positive stimuli (McGlinchey et al., 2011; Minkel, Htaik, Banks, & 

Dinges, 2011; Van Der Helm, Gujar, & Walker, 2010). Further, in a trauma-exposed 

population, poor sleep quality was linked with emotion regulation difficulties which may 

result in emotional numbing (Pickett, Barbaro, & Mello, 2016). We hypothesized worse 

sleep quality and shorter sleep duration the previous night would predict greater emotional 

numbing the next day (Hypothesis 4).

The Current Study

Previous literature has demonstrated relationships between traumatic stress at work, sleep 

disturbances, and PTSD symptoms. However, no studies have addressed this relationship in 

a sample with a remote history of traumatic work stress such as WTC responders. 

Furthermore, few studies have accounted for the heterogeneous nature of PTSD symptoms 

by examining the four PTSD dimensions’ independent relationships with sleep. To address 

these critical gaps in understanding short-term dynamics between sleep and PTSD, the 

present study examined daily, bi-directional associations between sleep duration/quality and 

PTSD symptom dimensions in a sample of WTC responders.
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Method

Participants

A total of 202 participants (Mage = 54.28, SD = 9.69) were recruited from the Long Island 

site of the World Trade Center Health Program for a larger EMA study examining 

associations between PTSD and respiratory problems between October 2014 and February 

2016. All participants worked or volunteered as a part of rescue, recovery, restoration, or 

cleanup of the WTC sites. Several recruitment methods were used, including flyers posted in 

the WTC clinic and direct presentation of study information by nurses in the clinic.

The sample was deliberately oversampled for PTSD symptoms based on stratification: a 

certain n was selected for four levels of PTSD symptom severity on a screening measure and 

after that n was achieved the stratum was closed. Specifically, in the present sample, 39 

(19.3%) participants carried a current diagnosis of PTSD, 32 (15.8%) participants carried a 

current diagnosis of Major Depressive Episode (MDE), and 20 (9.9%) participants had both 

diagnoses at the time of baseline assessment. Participants were primarily male (82.7%, n = 

167), Caucasian (88.1%, n = 178), and non-Hispanic (80.7%, n = 163), with an average of 

14.82 (SD = 2.26) years of education. The majority were current or former police (62.9%, n 
= 127) and almost half (48.5%, n = 98) were retired, although several reported they 

continued to work part-time (n = 7). More than half (56.4%, n = 114) of the participants 

arrived and responded in the dust cloud of 9/11 and 66.3% of the sample (n = 167) was 

exposed to human remains during response. Most of the participants (82.7%, n = 167) were 

early arrival responders (i.e., arriving on the day of the attack). All participants provided 

informed consent and the study was approved by the Stony Brook Committees on Research 

Involving Human Subjects.

Procedure

Once participants signed informed consent and enrolled in the study, they proceeded to 

complete the baseline assessment which included a battery of self-report questionnaires and 

the Structured Clinical Interview for DSM-IV (SCID; First, Spitzer, Gibbon, & Williams, 

1997). Participants were then trained on the EMA component of the study, which allowed 

participants to become familiar with the research device and app interface, as well as ask any 

questions they may have about the study. Given the specific occupational background of this 

sample, assessment times were predetermined and fixed to each participant based on the 

schedules they provided at baseline.

Participants completed the EMA surveys on an iPod provided by the research site. 

Participants were prompted prior to the pre-designated assessment times. PTSD symptoms 

were assessed three times (i.e., mid-morning, afternoon, and evening) per day over seven 

consecutive days. Sleep variables were assessed upon awakening. The average adherence 

rate (i.e., percentage of completed surveys) for the EMA was 93.8% in the present sample.

Measures

PTSD diagnosis.—Trained Masters-level diagnostic interviewers administered the SCID 

to participants at baseline. All interviewers were supervised by two clinical psychologists 
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(R.K. and C.R.). PTSD diagnosis was operationalized as meeting the DSM-IV diagnostic 

criteria (American Psychiatric Association, 2000). Previous assessments of reliability of the 

trained interviewers in this population demonstrated very good inter-rater agreement (κ = 

0.82; Bromet et al., 2016).

PTSD assessments.—Momentary PTSD symptoms were assessed using eight items 

drawn from the PTSD Checklist for DSM-5 (PCL-5; Weathers et al., 2013). The PCL-5 is a 

self-report questionnaire consisting of 20 items corresponding to the 20 PTSD symptoms in 

DSM-5 (American Psychiatric Association, 2013). Items were selected based on the 

emotional numbing model of PTSD symptoms, which posits PTSD is composed of four 

factors: intrusion, avoidance, numbing, and hyperarousal (King, Leskin, King, & Weathers, 

1998). This model was selected for the present study because (1) the model has received 

strong empirical support (Grubaugh, Long, Elhai, Frueh, & Magruder, 2010; Mansfield, 

Williams, Hourani, & Babeu, 2010; Palmieri, Weathers, Difede, & King, 2007) and (2) it 

was very similar to the four-factor model proposed in the DSM-5, with only four items being 

added to the DSM-5. In the present study, based on factor analytic results in each PTSD 

symptom dimension and an intention of balancing reliability and validity to avoid the 

“attenuation paradox,” (Loevinger, 1954; Tucker, 1946) two items were chosen for each of 

the four PTSD dimensions to assess momentary PTSD symptoms resulting in a total of eight 

items. Items were as follows: Intrusion items included (1) disturbing memories, thoughts, or 

images and (2) being upset by reminders; Avoidance items included: (1) avoidance of 

thinking or talk about the experience and (2) avoiding activities related to it; Numbing items 

included: (1) feeling distant and (2) feeling emotionally numb; and Hyperarousal items 

included (1) being “super alert” and (2) feeling jumpy or startled. Each of the momentary 

items began with the stem “In the past 5 hours…” For this abbreviated version of the PCL-5, 

the within-person reliability (i.e., reliability of change) was RC = .78, and the between-

person reliability was RKF = .99 (both calculated according to equations provided by Mehl 

& Cornner, 2012).

Sleep assessments.—Participants reported on the previous night’s sleep each morning. 

They completed two items, one asking about their subjective sleep duration (in hours), 

adapted from the Pittsburgh Sleep Quality Index (Buysse, Reynolds, Monk, Berman, & 

Kupfer, 1989); “How many hours did you sleep last night? Don’t include time spent in bed 
not sleeping [or previous daytime naps]. Round to the nearest half hour.” and one asking 

about their subjective sleep quality, adapted from the Patient-Reported Outcomes 

Measurement Information System (PROMIS) sleep disturbance (Buysse, Yu, et al., 2010): 

“My sleep quality last night was…”) with responses on a Likert scale ranging from 1 = very 
poor to 5 = very good.

Analytic Plan

Prior to the analyses, data were inspected for any missingness. One participant completed 

less than 50% of the EMA and therefore was removed, leaving a sample of 201 participants 

in the final analyses. Daily overall PTSD symptom severity was calculated by averaging the 

three momentary PCL-5 total scores on a given day. The same calculation was repeated for 

each symptom dimension. Prior to running analyses, all predictors and outcomes for the 
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current study were standardized using the PROC STANDARD procedure in SAS® 9.3 (SAS 

Insitute Inc., 2011) across the entire sample.

Multilevel modeling (MLM) was used to assess daily associations between PTSD symptoms 

and sleep. MLM was chosen because of its ability to model the nested structure of the data 

(Peugh, 2010). In the present study, the models consisted of two levels, with Level 1 being 

the within-person level (i.e., repeated assessments) and Level 2 being the between-person 

level. All models were estimated with random effects in the intercept and the slope. Because 

of the repeated assessments design, an autoregressive structure, AR(1), was estimated in the 

models (Bolger & Laurenceau, 2013). Missing data were estimated using maximum 

likelihood. Daily variables, including sleep duration, sleep quality, and PTSD symptoms, 

were considered within-person variables and therefore entered as Level 1 predictors. 

Importantly, each Level 1 predictor was entered independently. For the present study the 

Level 1 equation can be written:

Yij = β0j + β1jX1 + εij

Where Yij is the outcome variable (i.e., overall PTSD, intrusion, avoidance, numbing, 

hyperarousal, sleep duration, and sleep quality) at the ith time of participant j, β0j is the 

intercept of participant j, and β1j represents the slope of predictors X1 (i.e., overall PTSD, 

intrusion, avoidance, numbing, hyperarousal, sleep duration, and sleep quality) of participant 

j. Because each Level 1 predictor was entered independently, there was only one predictor in 

the above Level 1 equation. εij is the residual at the ith time of participant j. At the between-

person level (Level 2), because no Level 2 predictor was estimated in the present study, the 

intercept and the slope were only estimated with a fixed effect and variance around the 

corresponding the fixed effect. The equations are written:

β0j = γ00 + μ0j

β1j = γ10 + μ1j

Where γ00 and γ10 are the intercepts, and μ0j and μ1j are the errors at between-person level. 

All models were estimated using PROC MIXED procedure in SAS® 9.3 (SAS Insitute Inc., 

2011). Prior to testing hypotheses, we estimated an unconditional model with a random 

intercept for each outcome variable (i.e., overall PTSD, intrusion, avoidance, numbing, 

hyperarousal, sleep duration, and sleep quality) separately and calculated intraclass 

correlation (ICC) for each model.

Primary analyses to assess the bidirectional relationships between sleep and PTSD 

symptoms were conducted in two ways. First, we examined the prospective effects of PTSD 

symptoms on sleep. In this model, sleep duration and sleep quality on a given night were 

predicted by overall PTSD severity or the severity of each of the PTSD symptom dimensions 

during the day. Because sleep variables were assessed in the morning, we lagged overall 
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PTSD and PTSD symptom dimensions by one day in order to capture the daytime PTSD 

symptoms. Accordingly, we included the lagged overall PTSD or each PTSD symptom 

dimension as a Level 1 predictor independently on sleep duration and sleep quality at night. 

Notably, we did not included lagged effects of the outcome variable in the model because 

doing so leads to substantial bias in the size of the coefficients (i.e., underestimating 

coefficients for predictors of interest; Allison, Williams, & Moral-Benito, 2017).

Second, we examined the prospective effects of sleep duration and quality on PTSD 

symptoms. In this model, the severity of overall PTSD or the severity of each of the PTSD 

symptom dimensions on a given day was predicted by sleep duration or sleep quality on the 

preceding night. Accordingly, sleep duration or sleep quality on the preceding night was 

entered as a Level 1 predictor independently. Since there is no consensus on which effect 

size index is the most appropriate to report in longitudinal MLM (Peugh, 2010; Singer & 

Willett, 2003), following the recommendations by Singer and Willett (2003) we calculated 

proportion reduction in variance (PRV; Peugh, 2010) as an index of effect size using the 

equation: PRV = [σ2
(null model) - σ2 (model of interest)]/ σ2

(null model) where σ2 represents 

within-person (Level 1) variance estimated in the present study. In the present study, PRVs 

are reported as proportion reduction in the within-person (Level 1) variance after adding a 

given predictive variable.

Primary analyses were repeated using the same SAS procedure to control for three potential 

covariates: age, sex, and current PTSD diagnosis. Moreover, given that nearly half of the 

sample was retired, the analyses were also repeated with retirement status (i.e., retired versus 

not retired) being included as a covariate in each model. Each covariate was included as a 

between-person (Level 2) predictor independently. Random intercept and slope were 

estimated in all the models with a given covariate. The additional analyses were run to 

investigate the robustness of daily associations between PTSD symptoms and sleep.

Results

Table 1 presents descriptive statistics for outcome variables and ICC for each unconditional 

model with the corresponding outcome. Average sleep duration across the week in this non-

representative sample was between 6–7 hours a night and the average sleep quality was 

between fair and good. There was a large degree of within-person variability in both 

duration and quality of sleep (i.e., ICC’s of .42 and .37, respectively, corresponding to 58% 

and 63% of variability due to within-person change). Current PTSD was diagnosed in 18.3% 

of the sample. Unlike with sleep, variability in daily PTSD symptoms was largely from 

between-person differences (ICC =.85). Among the four symptom dimensions, hyperarousal 

had the highest daily mean score and most variability. Between 68–87% of the variance in 

PTSD symptom dimensions was explained at the between-person level.

Sleep: Within-person Associations with PTSD

Table 2 summarizes the fixed-effect parameter estimates and PRV calculated for the models 

with PTSD symptoms during the day predicting sleep duration or quality at night. Consistent 

with Hypothesis 1a, PTSD during the day was a significant predictor of sleep duration (β = 

−.13, p = .014, PRV = 2.9%) and quality (β = −.18, p < .001, PRV = 0.9%) the subsequent 
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night. Specifically, greater overall PTSD symptom severity predicted shorter sleep duration 

and worse sleep quality later that night.

When examining the effect of each symptom dimension separately, results showed only 

numbing symptoms predicted shorter sleep duration (β = −.17, p = .001, PRV = 4.2%). That 

is, the within-person residual variance of numbing symptoms decreased by 4.2% after 

adding sleep duration. This was partially inconsistent with Hypotheses 2a and 3; however, 

partially consistent with these Hypotheses was the finding that all four PTSD symptom 

dimensions predicted poor sleep quality (βs = −.21 to −.12, ps < .001 to .007, PRV = 0.6% 

to 3.8%) that night.

Additional analyses with covariates indicated the predictive effects of PTSD symptoms on 

both sleep duration and sleep quality were robust. Specifically, after controlling for age, 

overall PTSD remained a significant predictor of sleep duration (β = −.12, p = .017) and 

sleep quality (β = −.18, p < .001) the subsequent night. Numbing significantly predicted 

shorter sleep duration (β = −.18, p = .001) and all four symptom dimensions remained 

significant predictors of poor sleep quality at night (βs = −.21 to −.12, ps < .001 to .004). 

Similarly, after controlling for sex, daily PTSD symptoms remained significant predictors of 

sleep duration (β = −.15, p = .014 for overall PTSD; β = −.10, p = .050 for avoidance; and β 
= −.21, p < .001 for numbing) and sleep quality (βs = −.25 to −.15, ps < .001 to .004). 

Regardless of current PTSD diagnosis, numbing significantly predicted sleep duration (β = 

−.16, p = .027). Daily PTSD symptoms, including overall PTSD, intrusion, and numbing, 

remained significant predictors of sleep quality (βs = −.22 to −.10, ps < .001 to .05), with 

numbing showing the strongest predictive effect (β = −.22, p < .001).i Additionally, after 

including retirement status in the analyses, numbing remained as a significant predictor of 

shorter sleep duration (β = −.20, p = .007) the subsequent night, although the effect of 

overall PTSD on sleep duration was not significant (β = −.12, p = .098). Overall PTSD (β = 

−.13, p = .020), intrusion (β = −.12, p = .024), and numbing (β = −.18, p < .001) remained 

significant predictors of poor sleep quality the subsequent night. Importantly, the interaction 

effect between retirement status and overall PTSD, as well as the interaction with each 

PTSD symptom dimension was not significant in any of the models.

PTSD: Within-person Associations with Sleep

Table 3 reports the fixed-effect parameter estimates for the models with sleep predicting 

PTSD symptoms the next day. Consistent with Hypothesis 1b, shorter sleep duration 

significantly predicted greater overall PTSD symptom severity (β = −.04, p = .004). 

Consistent with Hypothesis 2a, shorter sleep duration specifically predicted greater 

hyperarousal (β = −.03, p = .011). Shorter sleep duration also predicted greater intrusion (β 
= −.06, p <.001). The within-person residual variance decreased by 0.6% to 3.7% after 

adding sleep duration. Although the predictive effect of sleep quality on all PTSD variables 

iAdditional analyses were conducted to examine whether timing of PTSD assessment would meaningfully alter the results. In these 
models, we focused on the relationship between sleep during the previous night predicting PTSD symptoms at the following morning 
assessment. Results from the analysis using individual time points showed that sleep duration was a significant predictor of overall 
PTSD (β = −.05, p = .023), intrusion (β = −.06, p = .042), and hyperarousal (β = −.06, p = .002) the next morning. The predictive 
effects of sleep quality were not significant, except for the effects on avoidance (β = −.05, p = .021) and hyperarousal (β = −.05, p = .
015). These results were similar to what we originally reported using the average of the three assessments within a given day.
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the next day was not statistically significant (partially inconsistent with Hypotheses 1b, 2b, 

and 4), adding sleep quality to the model produced PRV ranging from 3.8% to 9.8%.ii

The significant effects of sleep duration predicting PTSD remained significant even after 

controlling for age, sex, current PTSD diagnosis, and retirement status. Specifically, after 

controlling for age, sleep duration remained a significant predictor of daily PTSD symptoms 

(β = −.03, p = .013 for overall PTSD, and β = −.03, p = .016 for hyperarousal). After 

controlling for sex, sleep duration significantly predicted overall PTSD (β = −.03, p = .020), 

intrusion (β = −.04, p = .004), and hyperarousal (β = −.04, p = .008). Regardless of current 

PTSD diagnosis, sleep duration remained a significant predictor of daily overall PTSD (β = 

−.04, p = .026). Similarly, when including retirement status in the models, shorter sleep 

duration remained a significant predictor of greater overall PTSD symptom severity (β = −.

05, p = .014), greater intrusion (β = −.06, p = .041), and greater hyperarousal (β = −.05, p = .

018). Unlike the model without retirement status, the predictive effect of sleep duration on 

numbing was also significant (β = −.06, p = .028) in the model including retirement status as 

a covariate, with shorter sleep duration being associated with more severe numbing 

symptoms the next day. Similar to the results in Table 3, the predictive effects of sleep 

quality on overall PTSD symptom severity and each individual symptom dimension were 

not significant when including retirement status in the model. The interaction effect between 

retirement status and sleep duration, as well as the interaction with sleep quality were also 

not significant in any of the models. Taken together, these results suggested that the patterns 

of sleep and PTSD reported in the current sample were largely robust to the influence of age, 

sex, current PTSD diagnosis, and retirement status.

Discussion

The current study examined daily relationships between sleep (i.e., subjective sleep duration 

and quality) and overall PTSD symptoms and PTSD symptom dimensions (i.e., intrusion, 

avoidance, numbing, hyperarousal) in a sample of WTC responders. We examined daytime 

PTSD symptoms as predictors of that night’s sleep duration and quality, and nighttime sleep 

duration and quality as predictors of the next day’s PTSD symptoms.

PTSD Symptoms and Sleep that Night

Consistent with Hypothesis 1a and with previous research, overall PTSD symptoms during 

the day predicted shorter subjective sleep duration and worse sleep quality that night. For 

specific symptom dimensions, the results are partially consistent with Hypotheses 2a and 3. 

For sleep duration this finding appears to be largely driven by daytime numbing. For sleep 

quality all symptom dimensions contributed to the model although daytime numbing was the 

strongest predictor. These findings were surprising given our lack of hypotheses about sleep 

predicting emotional numbing. Daytime numbing may contribute to poor sleep that night in 

iiAdditional analyses were conducted to examine whether timing of PTSD assessment would meaningfully alter the results. In these 
models, we focused on the relationship between PTSD symptoms at the evening time point predicting subsequent sleep duration and 
sleep quality that night. Results from this analysis showed that overall PTSD (β = −.16, p < .001), intrusion (β = −.08, p = .016), 
avoidance (β = −.10, p = .011), numbing (β = −.14, p < .001), and hyperarousal (β = −.16, p < .001) in the evening significantly 
predicted sleep duration that night. Similarly, overall PTSD and the symptom dimensions, except avoidance (β = −.07, p = .076), in 
the evening significantly predicted sleep quality that night.
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a variety of ways. First, similar to individuals with depression, disengagement from 

enjoyable activities may result in decreased circadian signaling and a diminished sleep drive 

that contributes to reduced sleep duration and quality (Nutt, Wilson, & Paterson, 2008). 

Second, disengagement from emotional experiences throughout the day may result in sleep-

incongruent behaviors (e.g., delay of bedtime) which lead to reduced sleep opportunity or 

disturbed sleep. Previous cross-sectional research in a sample of first responders suggested 

sleep disturbances and negative affect were linked through emotion dysregulation and 

specifically a lack of access to emotion regulation strategies (Hom et al., 2016). In the 

current study, this suggests inability to regulate emotion during the day may carry over and 

interfere with sleep that night. Finally, “sleep quality” is a broad, heterogeneous construct 

that encompasses sleep disturbances across many domains (e.g., nighttime arousals, 

insomnia, irregular sleep architecture; Ohayon et al., 2017). Further research is needed to 1) 

better understand the mechanisms linking daytime numbing to shortened sleep, 2) examine 

sleep-related effects of PTSD interventions targeting emotional numbing, and 3) explore 

differential relationships between PTSD symptom dimensions and sleep domains.

Sleep Disturbances and PTSD Symptoms the Next Day

Importantly, our study found reverse effects as well. Partially consistent with Hypothesis 1b, 

subjective sleep duration at night predicted global next-day PTSD symptoms, although sleep 

quality was minimally related to next-day PTSD. Inconsistent with Hypotheses 2b and 4, the 

relationship between sleep duration and PTSD appears to be primarily driven by intrusion, 

which is congruent with a previous finding that experimental sleep deprivation resulted in an 

increase in intrusive memories (Kleim et al., 2016). One proposed mechanism is that 

shortened or disturbed sleep duration may limit the opportunity for memory consolidation 

during the night, resulting in the intrusion of emotional memories the next day (Kleim et al., 

2016). However, more research is needed to understand the specific aspects of short 

subjective sleep duration that contribute to increased intrusions the following day.

We have considered two possible explanations for the differences in results between sleep 

duration and sleep quality predicting next-day PTSD symptoms. From a measurement 

perspective, sleep duration was assessed as a continuous variable, whereas sleep quality was 

assessed on a 1–5 scale thereby limiting variability in the responses. Although sleep duration 

significantly predicted next-day PTSD, the effect sizes (PRV) were, in some cases, larger for 

sleep quality than for sleep duration. Therefore, although sleep quality was not a statistically 

significant predictor of next-day PTSD, it did lead to variance reduction when included in 

the model. A second possibility is that self-reported “sleep quality” is a broad term that may 

reflect different aspects of sleep across different individuals (Krystal & Edinger, 2008). 

Sleep quality may capture sleep duration in addition to other sleep constructs such as 

underlying apnea, pain, and social or environmental interferences. Unlike sleep duration, 

there is no single objective marker of sleep quality (Krystal & Edinger, 2008). The 

broadness of sleep quality may have resulted in too much error to reliably detect a 

relationship with next-day PTSD symptoms.
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Occupational Trauma, Sleep, and PTSD symptoms

The findings have clinical implications for the care of WTC responders and others exposed 

to work-related traumatic stress. Results suggest that targeted interventions focused on 

improving numbing or dysphoria related symptoms of PTSD may improve sleep. 

Alternatively, responders who receive treatments focused on sleep could have ancillary 

benefits for PTSD (Riedel & Lichstein, 2000) particularly in the domain of intrusions. 

Indeed, previous research has pointed out the benefits of treating insomnia as a preparatory 

step in treating PTSD (Baddeley & Gros, 2013; Germain, Shear, Hall, & Buysse, 2007; 

Pigeon et al., 2015). Treating insomnia symptoms prior to PTSD may bolster PTSD 

treatment outcomes by improving cognitive and emotional processing (Pace-Schott, 

Germain, & Milad, 2015; Pace-Schott et al., 2009) which is considered a primary 

mechanism of action in behavioral interventions for PTSD (Foa & Kozak, 1986). Moreover, 

this work provides impetus for development of highly targeted, ecological momentary 

interventions (Heron & Smyth, 2010), particularly ones that can be delivered to disrupt 

symptoms as they emerge for populations expected to be exposed to traumatic stress in a 

work context like disaster responders.

The impact of traumatic work events is long-lasting and pervasive, as demonstrated by the 

prevalence of PTSD symptoms and sleep disturbances in the current sample of WTC 

responders. The extended chronicity of PTSD is not unique to this group, with significant 

prevalence of PTSD for 40+ years in a variety of groups including Holocaust survivors 

(Yehuda, Kahana, Schmeidler, & Southwick, 1995), World War II Veterans (Port, Engdahl, 

& Frazier, 2001), and Vietnam Veterans (Schnurr, Lunney, Sengupta, & Waelde, 2003). Not 

only is further work needed to examine PTSD symptoms and sleep in workers with remote 

occupational trauma exposure, but ongoing work is needed to examine the experiences of 

workers with recent trauma exposure.

Potential Interventions in the Context of Occupational Trauma

The prevalence and impact of traumatic events in the workplace among disaster responders 

suggests a high need for early intervention following traumatic exposure which may help to 

minimize suffering and reduce functional impairments. It is well-documented that symptoms 

of acute stress following traumatic events and workplace stress in general can have 

significant repercussions in the work environment, such as absenteeism and decreased 

productivity (Byron & Peterson, 2002). Additionally, poor sleep has been linked with poor 

outcomes in the workplace including worse productivity, difficulties with self-control, 

cognitive failures, and unethical behavior (Barnes, Schaubroeck, Huth, & Ghumman, 2011; 

Budnick & Barber, 2015). Thus, it is in employers’ best interests to ensure that employees’ 

symptoms of PTSD and sleep disturbances are ameliorated as quickly as possible.

Previous research has demonstrated early interventions following traumatic exposure can 

reduce the chance of progression from acute stress to posttraumatic stress disorder (Birur, 

Moore, & Davis, 2017; Feldner, Monson, & Friedman, 2007), but this is a relatively new 

line of research. Several studies have demonstrated work-related interventions for 

occupational trauma show promise, although further research is needed to examine tailoring 

of work-related interventions for specific populations (e.g., first responders; Stergiopoulos, 
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Cimo, Cheng, Bonato, & Dewa, 2011). One important area in which employers could 

intervene would be to increase screening for PTSD symptoms among workers exposed to 

occupational stress and the provision of appropriate referrals. After identification of 

individuals at-risk for the development of PTSD, provision of evidence-based interventions 

targeting either information processing or cognitive avoidance and emotion regulation show 

promise as early interventions for PTSD (Feldner et al., 2007). One implication of the 

current findings is that an area for future research is in brief interventions that target 

emotional numbing symptoms of PTSD as an intervention point to improve sleep quality 

and increase sleep duration.

Cognitive behavioral interventions for insomnia and related sleep disorders have excellent 

empirical support (Qaseem, Kansagara, Forciea, Cooke, & Denberg, 2016; Trauer, Qian, 

Doyle, Rajaratnam, & Cunnington, 2015) and have been shown to be deliverable in a work 

context (Atlantis, Chow, Kirby, & Singh, 2006). One study examined the impact of treating 

insomnia using a web-based cognitive behavioral treatment and demonstrated improvements 

on negative affect, job satisfaction, and self-control (Barnes, Miller, & Bostock, 2017). The 

results of the current study suggest an area for future research is to examine the impact of 

brief, focused interventions that target sleep extension, particularly as a means of improving 

PTSD symptoms like intrusions and hyperarousal. Further, a brief intervention targeting 

both PTSD symptoms and sleep disturbances might be an efficient means of improving 

employee wellness.

Limitations

The current study had several limitations. First, the present study investigated the daily 

associations between sleep disturbance and PTSD symptoms in WTC responders only, so it 

remains unknown whether results generalize to groups with other types of trauma (e.g., 

childhood sexual abuse, combat trauma). Second, daily PTSD symptom scores used in the 

present analyses were calculated by averaging the symptom scores across the three 

assessment points within a given day. This approach may have a disadvantage of introducing 

bias to the within-person variance, which may speak to the high ICC values reported in the 

present study. However, averaging across multiple assessment points also had an advantage 

of obtaining reliable information on daily symptom severity. Third, the present study used 

only subjective and brief (i.e., single-item) assessments of limited sleep domains (i.e., 

duration and quality), as well as self-reported PTSD symptoms. It is well-established that 

subjective and objective sleep parameters are distinct yet related constructs (Lauderdale, 

Knutson, Yan, Liu, & Rathouz, 2008) and previous studies have demonstrated a stronger 

relationship between subjective sleep parameters and PTSD compared to objective measures 

(Kleim et al., 2016; Stout et al., 2017). Therefore, we cannot assume our findings are 

consistent across objective markers of sleep duration and quality or other sleep domains. 

However, it is also possible that the present study under-estimated effects. Briefer measures 

are less reliable, and test theory shows lower reliability attenuates effects. The fact that the 

present study found effects, despite this attenuation, speaks to the potential strength of the 

associations. Regardless, future research is needed to examine the relationship of PTSD 

symptoms, assessed both subjectively via self-report and objectively via clinician ratings, 

and objective sleep parameters in individuals exposed to occupational trauma. Fourth, the 
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present study did not assess nightmares, which is a very common sleep disturbance in PTSD 

(Lamarche & De Koninck, 2007). Fifth, results are naturalistic. Future research must 

confirm whether intervening on sleep duration disrupts maintenance of PTSD generally and 

intrusive thoughts in particular or similarly how intervening on daytime numbing might 

improve nighttime sleep quality and increase sleep duration.

Future Directions

Additional research in this sample and related samples with a history of occupational stress 

is warranted, as these groups demonstrate unique needs and concerns. In particular, 

examination of work-related factors such as levels of work stress and current work hours 

may provide fruitful insights into the mechanisms that continue driving PTSD symptoms 

and sleep disturbances many years after trauma. Examination of the impact of shift work or 

rotating shift schedules on the perpetuation of both PTSD symptoms and sleep disturbances 

may provide additional insight into potential intervention points within a work context. 

Additionally, the use of objective measures of sleep in combination with subjective measures 

may provide additional insight into the nature of sleep complaints that are associated with 

PTSD symptoms. Sleep is an essential domain that must be examined in order to fully 

investigate the functioning of an employee during work hours (Crain, Brossoit, & Fisher, 

2018) and improvement of sleep assessment in research will increase precision and accuracy 

of results. Further work is needed to examine whether sleep is a mediator of the relationship 

between occupational trauma and impaired workplace functioning. Finally, more work is 

needed to develop and test interventions integrated into the workplace to remediate the 

impact of occupational trauma on both PTSD symptoms and sleep disturbances (Graham, 

2012; Stergiopoulos et al., 2011).

Summary and Conclusions

The present work points to a critical dynamic between sleep disturbances and PTSD in 

individuals exposure to occupational trauma, even in the very short term. Such links 

represent a potential pathway by which symptoms are maintained as well as an opportunity 

to develop and implement highly targeted and momentary interventions focused on 

disrupting this dynamic for disaster responders and other individuals who work in stressful 

environments with a high chance of trauma exposure.

Acknowledgements

We gratefully acknowledge the support of the World Trade Center responders for generously contributing their time 
and energy to this project. We also thank Evelyn Bromet and Katherine Guerrera for facilitating the study, as well as 
study staff: Melissa Carr and Rachel Roger, Chris Ray and Peter Allen. Special thanks to Evelyn Bromet for her 
comments and edits to the manuscript.

Funding: This work was supported by the National Institute for Occupational Safety and Health (NIOSH) [grant 
U01OH010712 (PI: R Kotov, C Ruggero)], and the National Institute of Allergy and Infectious Diseases (NIAID) 
[grant R01AI128359–01 (PI: D Taylor)].

References

Allison PD, Williams R, & Moral-Benito E (2017). Maximum likelihood for cross-lagged panel 
models with fixed effects. Socius, 3, 1–17. doi: 10.1177/2378023117710578

Dietch et al. Page 16

J Occup Health Psychol. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Alonso J, Petukhova M, Vilagut G, Chatterji S, Heeringa S, Üstün TB, … Bromet E (2011). Days out 
of role due to common physical and mental conditions: results from the WHO World Mental Health 
surveys. Molecular Psychiatry, 16(12), 1234. doi: 10.1192/bjpo.bp.115.002402 [PubMed: 
20938433] 

American Psychiatric Association. (2000). Diagnostic and Statistical Manual of Mental Disorders: 
DSM-IV-TR. Washington, DC: American Psychiatric Association.

American Psychiatric Association. (2013). Diagnostic and Statistical Manual of Mental Disorders 
(DSM-5®). Washington, DC: American Psychiatric Association.

Atlantis E, Chow C, Kirby A, & Singh M (2006). Worksite intervention effects on sleep quality: a 
randomized controlled trial. Journal of Occupational Health Psychology, 11(4), 291–304. doi: 
10.1037/1076-8998.11.4.291 [PubMed: 17059294] 

Babson KA, Feldner M, Badour C, Trainor C, Blumenthal H, Sachs-Ericsson N, & Schmidt N (2011). 
Posttraumatic stress and sleep: differential relations across types of symptoms and sleep problems. 
Journal of Anxiety Disorders, 25(5), 706–713. doi: 10.1016/j.janxdis.2011.03.007 [PubMed: 
21482065] 

Babson KA, & Feldner MT (2010). Temporal relations between sleep problems and both traumatic 
event exposure and PTSD: a critical review of the empirical literature. Journal of Anxiety Disorders, 
24(1), 1–15. doi: 10.1016/j.janxdis.2009.08.002 [PubMed: 19716676] 

Baddeley JL, & Gros DF (2013). Cognitive behavioral therapy for insomnia as a preparatory treatment 
for exposure therapy for posttraumatic stress disorder. American Journal of Psychotherapy, 67(2), 
199–210. doi: 10.1176/appi.psychotherapy.2013.67.2.203

Barnes C, Miller J, & Bostock S (2017). Helping employees sleep well: Effects of cognitive behavioral 
therapy for insomnia on work outcomes. The Journal of Applied Psychology, 102(1), 104–113. doi: 
10.1037/apl0000154 [PubMed: 27690480] 

Barnes C, Miller J, & Bostock S (2017). Helping employees sleep well: Effects of cognitive behavioral 
therapy for insomnia on work outcomes. The Journal of Applied Psychology, 102(1), 104–113. 
doi: 10.1037/apl0000154 [PubMed: 27690480] 

Benedek DM, Fullerton C, & Ursano RJ (2007). First responders: Mental health consequences of 
natural and human-made disasters for public health and public safety workers. Annual Review 
Public Health, 28, 55–68. doi: 10.1146/annurev.pubhealth.28.021406.144037

Berninger A, Webber MP, Cohen HW, Gustave J, Lee R, Niles JK, … Kelly K (2010). Trends of 
elevated PTSD risk in firefighters exposed to the World Trade Center disaster: 2001–2005. Public 
Health Reports, 125(4), 556–566. doi: 10.1177/003335491012500411 [PubMed: 20597456] 

Berset M, Elfering A, Lüthy S, Lüthi S, & Semmer NK (2011). Work stressors and impaired sleep: 
Rumination as a mediator. Stress and Health, 27(2), e71–e82. doi: 10.1002/smi.1337 [PubMed: 
27486625] 

Birur B, Moore N, & Davis L (2017). An evidence-based review of early intervention and prevention 
of posttraumatic stress disorder. Community Mental Health Journal, 53(2), 183–201. doi: 10.1007/
s10597-016-0047-x [PubMed: 27470261] 

Black AC, Cooney NL, Justice AC, Fiellin LE, Pietrzak RH, Lazar CM, & Rosen MI (2016). 
Momentary assessment of PTSD symptoms and sexual risk behavior in male OEF/OIF/OND 
Veterans. Journal of Affective Disorders, 190, 424–428. doi: 10.1016/j.jad.2015.10.039 [PubMed: 
26551400] 

Bolge SC, Doan JF, Kannan H, & Baran RW (2009). Association of insomnia with quality of life, 
work productivity, and activity impairment. Quality of Life Research, 18(4), 415–422. doi: 
10.1007/s11136-009-9462-6 [PubMed: 19288223] 

Bolger N, & Laurenceau J (2013). Intensive longitudinal methods. New York, NY: Guilford.

Bonnett M, & Arand DL (2010). Hyperarousal and insomnia: State of the science. Sleep Medicine 
Reviews, 14(1), 9–15. doi: 10.1016/j.smrv.2009.05.002 [PubMed: 19640748] 

Brewin CR, Kleiner JS, Vasterling JJ, & Field AP (2007). Memory for emotionally neutral information 
in posttraumatic stress disorder: A meta-analytic investigation. Journal of Abnormal Psychology, 
116(3), 448. doi: 10.1037/0021-843x.116.3.448 [PubMed: 17696700] 

Bromet E, Hobbs M, Clouston S, Gonzalez A, Kotov R, & Luft B (2016). DSM-IV post-traumatic 
stress disorder among World Trade Center responders 11–13 years after the disaster of 11 

Dietch et al. Page 17

J Occup Health Psychol. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



September 2001 (9/11). Psychological Medicine, 46(4), 771–783. doi: 10.1017/
s0033291715002184 [PubMed: 26603700] 

Brossoit RM, Crain TL, Leslie JJ, Hammer LB, Truxillo DM, & Bodner TE (2018). The effects of 
sleep on workplace cognitive failure and safety. Journal of Occupational Health Psychology, 
Advance online publication. doi: 10.1037/ocp0000139

Bryant RA, Creamer M, O’Donnell M, Silove D, & McFarlane AC (2010). Sleep disturbance 
immediately prior to trauma predicts subsequent psychiatric disorder. Sleep, 33(1), 69–74. doi: 
10.1093/sleep/33.1.69 [PubMed: 20120622] 

Budnick CJ, & Barber LK (2015). Behind sleepy eyes: Implications of sleep loss for organizations and 
employees. Translational Issues in Psychological Science, 1(1), 89–96. doi: 10.1037/tps0000014

Buysse DJ, Cheng Y, Germain A, Moul DE, Franzen PL, Fletcher M, & Monk TH (2010). Night-to-
night sleep variability in older adults with and without chronic insomnia. Sleep Medicine, 11(1), 
56–64. doi: 10.1016/j.sleep.2009.02.010 [PubMed: 19962939] 

Buysse DJ, Reynolds CF, Monk TH, Berman SR, & Kupfer DJ (1989). The Pittsburgh Sleep Quality 
Index: a new instrument for psychiatric practice and research. Psychiatry Research, 28(2), 193–
213. doi: 10.1016/0165-1781(89)90047-4 [PubMed: 2748771] 

Buysse DJ, Yu L, Moul DE, Germain A, Stover A, Dodds NE, … Pilkonis PA (2010). Development 
and validation of patient-reported outcome measures for sleep disturbance and sleep-related 
impairments. Sleep, 33(6), 781–792. doi: 10.1093/sleep/33.6.781 [PubMed: 20550019] 

Byron K, & Peterson S (2002). The impact of a large-scale traumatic event on individual and 
organizational outcomes: Exploring employee and company reactions to September 11, 2001. 
Journal of Organizational Behavior, 23(8), 895–910. doi: 10.1002/job.176

Carey MG, Al-Zaiti SS, Dean GE, Sessanna L, & Finnell DS (2011). Sleep problems, depression, 
substance use, social bonding, and quality of life in professional firefighters. Journal of 
Occupational and Environmental Medicine, 53(8), 928. doi: 10.1097/jom.0b013e318225898f 
[PubMed: 21785370] 

Castro-Diehl C, Diez AR, Redline S, Seeman T, McKinley P, Sloan R, & Shea S (2016). Sleep 
duration and quality in relation to autonomic nervous system measures: the Multi-Ethnic Study of 
Atherosclerosis (MESA). Sleep, 39(11), 1927–1940. doi: 10.5665/sleep.6218 [PubMed: 
27568797] 

Chiu S, Webber MP, Zeig-Owens R, Gustave J, Lee R, Kelly KJ, … North CS (2011). Performance 
characteristics of the PTSD Checklist in retired firefighters exposed to the World Trade Center 
disaster. Annals of Clinical Psychiatry, 23(2), 95–104. [PubMed: 21547269] 

Courtney JA, Francis AJ, & Paxton SJ (2013). Caring for the country: fatigue, sleep and mental health 
in Australian rural paramedic shiftworkers. Journal of Community Health, 38(1), 178–186. doi: 
10.1007/s10900-012-9599-z [PubMed: 22843315] 

Crain TL, Brossoit RM, & Fisher GG (2018). Work, nonwork, and sleep (WNS): A review and 
conceptual framework. Journal of Business and Psychology, 33(6), 675–697. doi: 10.1007/
s10869-017-9521-x

Cukor J, Wyka K, Mello B, Olden M, Jayasinghe N, Roberts J, … Difede J (2011). The longitudinal 
course of PTSD among disaster workers deployed to the World Trade Center following the attacks 
of September 11th. Journal of Traumatic Stress, 24(5), 506–514. doi: 10.1002/jts.20672 [PubMed: 
22095774] 

Daley M, Morin CM, LeBlanc M, Grégoire J-P, & Savard J (2009). The economic burden of insomnia: 
direct and indirect costs for individuals with insomnia syndrome, insomnia symptoms, and good 
sleepers. Sleep, 32(1), 55–64. doi: 10.5665/sleep/32.1.55 [PubMed: 19189779] 

de la Hoz RE, Mallea JM, Kramer SJ, Bienenfeld LA, Wisnivesky JP, & Aurora RN (2012). 
Polysomnographic diagnoses among former World Trade Center rescue workers and volunteers. 
Archives of Environmental & Occupational Health, 67(4), 239–242. doi: 
10.1080/19338244.2012.725230 [PubMed: 23074981] 

el-Guebaly N, Currie S, Williams J, Wang J, Beck CA, Maxwell C, & Patten SB (2007). Association 
of mood, anxiety, and substance use disorders with occupational status and disability in a 
community sample. Psychiatric Services, 58(5), 659–667. doi: 10.1176/ps.2007.58.5.659 
[PubMed: 17463347] 

Dietch et al. Page 18

J Occup Health Psychol. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Elhai JD, & Palmieri PA (2011). The factor structure of posttraumatic stress disorder: A literature 
update, critique of methodology, and agenda for future research. Journal of Anxiety Disorders, 
25(6), 849–854. doi: 10.1016/j.janxdis.2011.04.007 [PubMed: 21793239] 

Erman M, Guiraud A, Joish VN, & Lerner D (2008). Zolpidem extended-release 12.5 mg associated 
with improvements in work performance in a 6-month randomized, placebo-controlled trial. Sleep, 
31(10), 1371–1378. doi: 10.5665/sleep/31.10.1371 [PubMed: 18853934] 

Evans S, Giosan C, Patt I, Spielman L, & Difede J (2006). Anger and its association to distress and 
social/occupational functioning in symptomatic disaster relief workers responding to the 
September 11, 2001, World Trade Center disaster. Journal of Traumatic Stress, 19(1), 147–152. 
doi: 10.1002/jts.20107 [PubMed: 16568457] 

Evans S, Patt I, Giosan C, Spielman L, & Difede J (2009). Disability and posttraumatic stress disorder 
in disaster relief workers responding to September 11, 2001 World Trade Center disaster. Journal 
of Clinical Psychology, 65(7), 684–694. doi: 10.1002/jclp.20575 [PubMed: 19388060] 

Feldner MT, Monson CM, & Friedman MJ (2007). A critical analysis of approaches to targeted PTSD 
prevention: current status and theoretically derived future directions. Behavior Modification, 31(1), 
80–116. doi: 10.1177/0145445506295057 [PubMed: 17179532] 

First M, Spitzer R, Gibbon M, & Williams JB (1997). Structured clinical interview for DSM-IV 
clinical version (SCID-I/CV): Washington DC: American Psychiatric Press.

Foa EB, & Kozak MJ (1986). Emotional processing of fear: Exposure to corrective information. 
Psychological Bulletin, 99(1), 20–35. doi: 10.1037/0033-209.99.1.20 [PubMed: 2871574] 

Gaher RM, Simons JS, Hahn AM, Hofman NL, Hansen J, & Buchkoski J (2014). An experience 
sampling study of PTSD and alcohol-related problems. Psychology of Addictive Behaviors, 28(4), 
1013. doi: 10.1037/a0037257 [PubMed: 25134021] 

Galea S, Nandi A, & Vlahov D (2005). The epidemiology of post-traumatic stress disorder after 
disasters. Epidemiologic Reviews, 27(1), 78–91. doi: 10.1093/epirev/mxi003 [PubMed: 15958429] 

Germain A (2013). Sleep disturbances as the hallmark of PTSD: where are we now? American Journal 
of Psychiatry, 170(4), 372–382. doi: 10.1176/appi.ajp.2012.12010432 [PubMed: 23223954] 

Germain A, Buysse DJ, Shear MK, Fayyad R, & Austin C (2004). Clinical correlates of poor sleep 
quality in posttraumatic stress disorder. Journal of Traumatic Stress, 17(6), 477–484. doi: 10.1007/
s10960-004-5796-6 [PubMed: 15730066] 

Germain A, Shear MK, Hall M, & Buysse DJ (2007). Effects of a brief behavioral treatment for PTSD-
related sleep disturbances: a pilot study. Behaviour Research and Therapy, 45(3), 627–632. doi: 
10.1016/j.brat.2006.04.009 [PubMed: 16777060] 

Giosan C, Malta LS, Wyka K, Jayasinghe N, Evans S, Difede J, & Avram E (2015). Sleep disturbance, 
disability, and posttraumatic stress disorder in utility workers. Journal of Cinical Psychology, 
71(1), 72–84. doi: 10.1002/jclp.22116

Graham J (2012). Cognitive behavioural therapy for occupational trauma: a systematic literature 
review exploring the effects of occupational trauma and the existing CBT support pathways and 
interventions for staff working within mental healthcare including allied professions. The 
Cognitive Behaviour Therapist, 5(1), 24–45. doi: 10.1017/s1754470×12000025

Grubaugh AL, Long ME, Elhai JD, Frueh BC, & Magruder KM (2010). An examination of the 
construct validity of posttraumatic stress disorder with veterans using a revised criterion set. 
Behaviour Research and Therapy, 48(9), 909–914. doi: 10.1016/j.brat.2010.05.019 [PubMed: 
20541179] 

Guastella AJ, & Moulds ML (2007). The impact of rumination on sleep quality following a stressful 
life event. Personality and Individual Differences, 42(6), 1151–1162. doi: 10.1016/j.paid.
2006.04.028

Hansen ÅM, Gullander M, Hogh A, Persson R, Kolstad HA, Willert MV, … Grynderup MB (2016). 
Workplace bullying, sleep problems and leisure-time physical activity: a prospective cohort study. 
Scandinavian Journal of Work, Environment & Health, 42(1), 26–33. doi: 10.5271/sjweh.3537

Heron KE, & Smyth JM (2010). Ecological momentary interventions: incorporating mobile 
technology into psychosocial and health behaviour treatments. British Journal of Health 
Psychology, 15(1), 1–39. doi: 10.1348/135910709×466063 [PubMed: 19646331] 

Dietch et al. Page 19

J Occup Health Psychol. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Hom MA, Stanley IH, Rogers ML, Tzoneva M, Bernert RA, & Joiner TE (2016). The association 
between sleep disturbances and depression among firefighters: emotion dysregulation as an 
explanatory factor. Journal of Clinical Sleep Medicine, 12(2), 235–245. doi: 10.5664/jcsm.5492 
[PubMed: 26350604] 

Honkonen T, Virtanen M, Ahola K, Kivimäki M, Pirkola S, Isometsä E, … Lönnqvist J (2007). 
Employment status, mental disorders and service use in the working age population. Scandinavian 
Journal of Work, Environment & Health, 33(1), 29–36. doi: 10.5271/sjweh.1061

Horner MD, Mintzer JE, Turner TH, Edmiston KR, & Brawman-Mintzer O (2013). Attentional 
functioning in patients with posttraumatic stress disorder: a preliminary study. CNS Spectrums, 
18(2), 90–94. doi: 10.1017/s1092852912000909 [PubMed: 23298713] 

Huizink AC, Slottje P, Witteveen AB, Bijlsma JA, Twisk JW, Smidt N, … Bouter LM (2006). Long 
term health complaints following the Amsterdam Air Disaster in police officers and fire-fighters. 
Occupational and Environmental Medicine, 63(10), 657–662. doi: 10.1136/oem.2005.024687 
[PubMed: 16644894] 

Jacquinet-Salord M, Lang T, Fouriaud C, Nicoulet I, & Bingham A (1993). Sleeping tablet 
consumption, self reported quality of sleep, and working conditions. Group of Occupational 
Physicians of APSAT. Journal of Epidemiology & Community Health, 47(1), 64–68. doi: 10.1136/
jech.47.1.64 [PubMed: 8094733] 

Jayasinghe N, Giosan C, Evans S, Spielman L, & Difede J (2008). Anger and posttraumatic stress 
disorder in disaster relief workers exposed to the 9/11/01 World Trade Center Disaster: One-year 
follow-up study. The Journal of Nervous and Mental Disease, 196(11), 844. doi: 10.1097/nmd.
0b013e31818b492c [PubMed: 19008736] 

Jones S (2017). Describing the mental health profile of first responders: A systematic review. Journal 
of the American Psychiatric Nurses Association, 23(3), 200–214. doi: 
10.1177/1078390317695266 [PubMed: 28445653] 

Kao K-Y, Spitzmueller C, Cigularov K, & Wu H (2016). Linking insomnia to workplace injuries: A 
moderated mediation model of supervisor safety priority and safety behavior. Journal of 
Occupational Health Psychology, 21(1), 91–104. doi: 10.1037/a0039144 [PubMed: 26011243] 

Kessler RC, & Frank RG (1997). The impact of psychiatric disorders on work loss days. Psychological 
Medicine, 27(4), 861–873. doi: 10.1017/s0033291797004807 [PubMed: 9234464] 

Khubchandani J, & Price JH (2015). Workplace harassment and morbidity among US adults: Results 
from the National Health Interview Survey. Journal of Community Health, 40(3), 555–563. doi: 
10.1007/s10900-014-9971-2 [PubMed: 25399052] 

King DW, Leskin GA, King LA, & Weathers FW (1998). Confirmatory factor analysis of the clinician-
administered PTSD Scale: Evidence for the dimensionality of posttraumatic stress disorder. 
Psychological Assessment, 10(2), 90–96. doi: 10.1037/1040-3590.10.2.90

Kleim B, Wysokowsky J, Schmid N, Seifritz E, & Rasch B (2016). Effects of sleep after experimental 
trauma on intrusive emotional memories. Sleep, 39(12), 2125–2132. doi: 10.5665/sleep.6310 
[PubMed: 27748249] 

Klein E, Koren D, Arnon I, & Lavie P (2003). Sleep complaints are not corroborated by objective sleep 
measures in post-traumatic stress disorder: a 1-year prospective study in survivors of motor vehicle 
crashes. Journal of Sleep Research, 12(1), 35–41. doi: 10.1046/j.1365-2869.2003.00334.x 
[PubMed: 12603785] 

Kobayashi I, Boarts JM, & Delahanty DL (2007). Polysomnographically measured sleep abnormalities 
in PTSD: a meta-analytic review. Psychophysiology, 44(4), 660–669. doi: 10.1111/j.
1469-8986.2007.537.x [PubMed: 17521374] 

Koffel E, Khawaja IS, & Germain A (2016). Sleep disturbances in posttraumatic stress disorder: 
Updated review and implications for treatment. Psychiatric Annals, 46(3), 173–176. doi: 
10.3928/00485713-20160125-01 [PubMed: 27773950] 

Krystal AD, & Edinger JD (2008). Measuring sleep quality. Sleep Medicine, 9, S10–S17. doi: 
10.1016/s1389-9457(08)70011-x [PubMed: 18929313] 

Kuppermann M, Lubeck DP, Mazonson PD, Patrick DL, Stewart AL, Buesching DP, & Filer SK 
(1995). Sleep problems and their correlates in a working population. Journal of General Internal 
Medicine, 10(1), 25–32. doi: 10.1007/bf02599573 [PubMed: 7699483] 

Dietch et al. Page 20

J Occup Health Psychol. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Lamarche L, & De Koninck J (2007). Sleep disturbance in adults with posttraumatic stress disorder: a 
review. The Journal of Clinical Psychiatry, 68(8), 1257–1270. doi: 10.4088/jcp.v68n0813 
[PubMed: 17854251] 

Landrigan PJ, Lioy PJ, Thurston G, Berkowitz G, Chen L, Chillrud SN, … Levin S (2004). Health and 
environmental consequences of the World Trade Center disaster. Environmental Health 
Perspectives, 112(6), 731–739. doi: 10.1289/eph.6702 [PubMed: 15121517] 

Lauderdale DS, Knutson KL, Yan LL, Liu K, & Rathouz PJ (2008). Self-reported and measured sleep 
duration: how similar are they? Epidemiology, 19(6), 838–845. doi: 10.1097/ede.
0b013e318187a7b0 [PubMed: 18854708] 

LeBlanc VR, Regehr C, Birze A, King K, Scott AK, MacDonald R, & Tavares W (2011). The 
association between posttraumatic stress, coping, and acute stress responses in paramedics. 
Traumatology, 17(4), 10–16. doi: 10.1177/1534765611429078

LeBlanc VR, Regehr C, Tavares W, Scott AK, MacDonald R, & King K (2012). The impact of stress 
on paramedic performance during simulated critical events. Prehospital and Disaster Medicine, 
27(4), 369–374. doi: 10.1017/s1049023×12001021 [PubMed: 22831965] 

Linton SJ, & Bryngelsson L (2000). Insomnia and its relationship to work and health in a working-age 
population. Journal of Occupational Rehabilitation, 10(2), 169–183. doi: 10.1023/A:
1009408204694

Loevinger J (1954). The attenuation paradox in test theory. Psychological Bulletin, 51(5), 493–504. 
doi: 10.1037/h0058543 [PubMed: 13204488] 

Luft B, Schechter C, Kotov R, Broihier J, Reissman D, Guerrera K, … Friedman-Jimenez G (2012). 
Exposure, probable PTSD and lower respiratory illness among World Trade Center rescue, 
recovery and clean-up workers. Psychological Medicine, 42(5), 1069–1079. doi: 10.1017/
s003329171100256x [PubMed: 22459506] 

Magnavita N, & Garbarino S (2017). Sleep, health and wellness at work: A scoping review. 
International Journal of Environmental Research and Public Health, 14(11), 1347. doi: 10.3390/
ijerph14111347

Mansfield AJ, Williams J, Hourani LL, & Babeu LA (2010). Measurement invariance of posttraumatic 
stress disorder symptoms among US military personnel. Journal of Traumatic Stress, 23(1), 91–99. 
doi: 10.1002/jts.20492 [PubMed: 20135678] 

McFarlane AC (2000). Posttraumatic stress disorder: a model of the longitudinal course and the role of 
risk factors. The Journal of Clinical Psychiatry, 61, 15–23.

McFarlane AC, & Bryant RA (2007). Post-traumatic stress disorder in occupational settings: 
anticipating and managing the risk. Occupational Medicine, 57(6), 404–410. doi: 10.1093/occmed/
kqm070 [PubMed: 17728313] 

McFarlane AC, Williamson P, & Barton CA (2009). The impact of traumatic stressors in civilian 
occupational settings. Journal of Public Health Policy, 30(3), 311–327. doi: 10.1057/jphp.2009.21 
[PubMed: 19806072] 

McGlinchey EL, Talbot LS, Chang K. h., Kaplan KA, Dahl RE, & Harvey AG (2011). The effect of 
sleep deprivation on vocal expression of emotion in adolescents and adults. Sleep, 34(9), 1233–
1241. doi: 10.5665/sleep.1246 [PubMed: 21886361] 

Mehl MR, & Cornner TS (Eds.). (2012). Handbook of Research Methods for Studying Daily Life. 
New York, NY, US: Guilford Press.

Mellman TA, Pigeon WR, Nowell PD, & Nolan B (2007). Relationships between REM sleep findings 
and PTSD symptoms during the early aftermath of trauma. Journal of Traumatic Stress, 20(5), 
893–901. doi: 10.1002/jts.20246 [PubMed: 17955526] 

Min J-Y, Park S-G, Kim S-S, & Min K-B (2014). Workplace injustice and self-reported disease and 
absenteeism in South Korea. American Journal of Industrial Medicine, 57(1), 87–96. doi: 10.1002/
ajim.22233 [PubMed: 24038205] 

Minkel J, Htaik O, Banks S, & Dinges D (2011). Emotional expressiveness in sleep-deprived healthy 
adults. Behavioral Sleep Medicine, 9(1), 5–14. doi: 10.1080/15402002.2011.533987 [PubMed: 
21218289] 

Dietch et al. Page 21

J Occup Health Psychol. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Neria Y, Digrande L, & Adams BG (2011). Posttraumatic stress disorder following the September 11, 
2001, terrorist attacks: a review of the literature among highly exposed populations. American 
Psychologist, 66(6), 429–446. doi: 10.1037/a0024791 [PubMed: 21823772] 

Neylan TC, Metzler TJ, Best SR, Weiss DS, Fagan JA, Liberman A, … Lipsey TL (2002). Critical 
incident exposure and sleep quality in police officers. Psychosomatic Medicine, 64(2), 345–352. 
doi: 10.1097/00006842-200203000-00019 [PubMed: 11914452] 

Niedhammer I, David S, Degioanni S, Drummond A, Philip P, & Physicians O (2009). Workplace 
bullying and sleep disturbances: findings from a large scale cross-sectional survey in the French 
working population. Sleep, 32(9), 1211–1219. doi: 10.1093/sleep/32.9.1211 [PubMed: 19750926] 

Nutt D, Wilson S, & Paterson L (2008). Sleep disorders as core symptoms of depression. Dialogues in 
Clinical Neuroscience, 10(3), 329–336. [PubMed: 18979946] 

Ohayon M, Wickwire EM, Hirshkowitz M, Albert SM, Avidan A, Daly FJ, … Gozal D (2017). 
National Sleep Foundation’s sleep quality recommendations: First report. Sleep Health, 3(1), 6–
19. doi: 10.1016/j.sleh.2016.11.006 [PubMed: 28346153] 

Osinubi OY, Gandhi SK, Ohman-Strickland P, Boglarsky C, Fiedler N, Kipen H, & Robson M (2008). 
Organizational factors and office workers’ health after the World Trade Center terrorist attacks: 
long-term physical symptoms, psychological distress, and work productivity. Journal of 
Occupational and Environmental Medicine, 50(2), 112–125. doi: 10.1097/jom.0b013e31815e92bd 
[PubMed: 18301168] 

Pace-Schott EF, Germain A, & Milad MR (2015). Sleep and REM sleep disturbance in the 
pathophysiology of PTSD: the role of extinction memory. Biology of Mood & Anxiety Disorders, 
1(5), 1–19. doi: 10.1186/s13587-015-0018-9

Pace-Schott EF, Milad MR, Orr SP, Rauch SL, Stickgold R, & Pitman RK (2009). Sleep promotes 
generalization of extinction of conditioned fear. Sleep, 32(1), 19–26. doi: 10.5665/sleep/32.1.19 
[PubMed: 19189775] 

Palmieri PA, Weathers FW, Difede J, & King D (2007). Confirmatory factor analysis of the PTSD 
Checklist and the Clinician-Administered PTSD Scale in disaster workers exposed to the World 
Trade Center Ground Zero. Journal of Abnormal Psychology, 116(2), 329–341. doi: 
10.1037/0021-843x.116.2.329 [PubMed: 17516765] 

Perrin MA, DiGrande L, Wheeler K, Thorpe L, Farfel M, & Brackbill R (2007). Differences in PTSD 
prevalence and associated risk factors among World Trade Center disaster rescue and recovery 
workers. American Journal of Psychiatry, 164(9), 1385–1394. doi: 10.1176/appi.ajp.
2007.06101645 [PubMed: 17728424] 

Peugh JL (2010). A practical guide to multilevel modeling. Journal of School Psychology, 48(1), 85–
112. doi: 10.1016/j.jsp.2009.09.002 [PubMed: 20006989] 

Pickett SM, Barbaro N, & Mello D (2016). The relationship between subjective sleep disturbance, 
sleep quality, and emotion regulation difficulties in a sample of college students reporting trauma 
exposure. Psychological Trauma: Theory, Research, Practice, and Policy, 8(1), 25–33. doi: 
10.1037/tra0000064

Pigeon WR, Heffner KL, Crean H, Gallegos AM, Walsh P, Seehuus M, & Cerulli C (2015). 
Responding to the need for sleep among survivors of interpersonal violence: A randomized 
controlled trial of a cognitive–behavioral insomnia intervention followed by PTSD treatment. 
Contemporary Clinical Trials, 45, 252–260. doi: 10.1016/j.cct.2015.08.019 [PubMed: 26343743] 

Pilcher JJ, & Huffcutt AI (1996). Effects of sleep deprivation on performance: a meta-analysis. Sleep, 
19(4), 318–326. doi: 10.1093/sleep/19.4.318 [PubMed: 8776790] 

Port CL, Engdahl B, & Frazier P (2001). A longitudinal and retrospective study of PTSD among older 
prisoners of war. American Journal of Psychiatry, 158(9), 1474–1479. doi: 10.1176/appi.ajp.
158.9.1474 [PubMed: 11532734] 

Possemato K, Kaier E, Wade M, Lantinga LJ, Maisto SA, & Ouimette P (2012). Assessing daily 
fluctuations in posttraumatic stress disorder symptoms and substance use with Interactive Voice 
Response technology: protocol compliance and reactions. Psychological Services, 9(2), 185–196. 
doi: 10.1037/a0027144 [PubMed: 22662732] 

Pruiksma KE, Taylor DJ, Wachen JS, Mintz J, Young-Mccaughan S, Peterson AL, … Litz BT (2016). 
Residual sleep disturbances following PTSD treatment in active duty military personnel. 

Dietch et al. Page 22

J Occup Health Psychol. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Psychological Trauma: Theory, Research, Practice and Policy, 8(6), 697–701. doi: 10.1037/
tra0000150

Qaseem A, Kansagara D, Forciea MA, Cooke M, & Denberg TD (2016). Management of chronic 
insomnia disorder in adults: a clinical practice guideline from the American College of 
Physicians. Annals of Internal Medicine, 165(2), 125–133. doi: 10.7326/p16-9016 [PubMed: 
27136449] 

Querstret D, & Cropley M (2012). Exploring the relationship between work-related rumination, sleep 
quality, and work-related fatigue. Journal of Occupational Health Psychology, 17(3), 341–353. 
doi: 10.1037/e604062012-039 [PubMed: 22746369] 

Radstaak M, Geurts SA, Beckers DG, Brosschot JF, & Kompier MA (2014). Work stressors, 
perseverative cognition and objective sleep quality: A longitudinal study among Dutch Helicopter 
Emergency Medical Service (HEMS) pilots. Journal of Occupational Health, 56(6), 469–477. 
doi: 10.1539/joh.14-0118-oa [PubMed: 25744087] 

Regehr C, LeBlanc V, Shlonsky A, & Bogo M (2010). The influence of clinicians’ previous trauma 
exposure on their assessment of child abuse risk. The Journal of Nervous and Mental Disease, 
198(9), 614–618. doi: 10.1016/j.ypsy.2011.03.007 [PubMed: 20823721] 

Riedel BW, & Lichstein KL (2000). Insomnia and daytime functioning. Sleep Medicine Reviews, 4(3), 
277–298. doi: 10.1053/smrv.1999.0074 [PubMed: 12531170] 

Rodriguez P, Holowka DW, & Marx BP (2012). Assessment of posttraumatic stress disorder-related 
functional impairment: A review. Journal of Rehabilitation Research and Development, 49(5), 
649–665. doi: 10.1682/jrrd.2011.09.0162 [PubMed: 23015577] 

SAS Insitute Inc. (2011). The SAS system for Windows (Version 9.3). Cary, NC: SAS Inst.

Schnurr P, Lunney C, Sengupta A, & Waelde L (2003). A descriptive analysis of PTSD chronicity in 
Vietnam veterans. Journal of Traumatic Stress, 16(6), 545–553. doi: 10.1023/b:jots.
0000004077.22408.cf [PubMed: 14690351] 

Short NA, Allan NP, & Schmidt NB (2017). Sleep disturbance as a predictor of affective functioning 
and symptom severity among individuals with PTSD: An ecological momentary assessment 
study. Behaviour Research and Therapy, 97, 146–153. doi: 10.1016/j.brat.2017.07.014 [PubMed: 
28772196] 

Singer JD, & Willett JB (2003). Applied longitudinal data analysis: modeling change and event 
occurrence: Oxford University Press.

Skogstad M, Skorstad M, Lie A, Conradi H, Heir T, & Weisæth L (2013). Work-related post-traumatic 
stress disorder. Occupational Medicine, 63(3), 175–182. doi: 10.1093/occmed/kqt003 [PubMed: 
23564090] 

Söderström M, Jeding K, Ekstedt M, Perski A, & Åkerstedt T (2012). Insufficient sleep predicts 
clinical burnout. Journal of Occupational Health Psychology, 17(2), 175–183. doi: 10.1037/
a0027518 [PubMed: 22449013] 

Spoormaker VI, & Montgomery P (2008). Disturbed sleep in post-traumatic stress disorder: secondary 
symptom or core feature? Sleep Medicine Reviews, 12(3), 169–184. doi: 10.1016/j.smrv.
2007.08.008 [PubMed: 18424196] 

Stamatakis KA, & Punjabi NM (2010). Effects of sleep fragmentation on glucose metabolism in 
normal subjects. Chest, 137(1), 95–101. doi: 10.1378/chest.09-0791 [PubMed: 19542260] 

Stellman J, Smith R, Katz C, Sharma V, Charney D, Herbert R, … Udasin I (2008). Enduring mental 
health morbidity and social function impairment in world trade center rescue, recovery, and 
cleanup workers: the psychological dimension of an environmental health disaster. 
Environmental Health Perspectives, 116(9), 1248–1253. doi: 10.1289/ehp.11164 [PubMed: 
18795171] 

Stergiopoulos E, Cimo A, Cheng C, Bonato S, & Dewa CS (2011). Interventions to improve work 
outcomes in work-related PTSD: a systematic review. BMC Public Health, 11(1), 838. doi: 
10.1186/1471-2458-11-838 [PubMed: 22040066] 

Stoller MK (1994). Economic effects of insomnia. Clinical Therapeutics, 16(5), 873–897. [PubMed: 
7859246] 

Dietch et al. Page 23

J Occup Health Psychol. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Stout JW, Beidel DC, Alfano CA, Mesa F, Trachik B, & Neer SM (2017). Sleep disturbances among 
combat military veterans: a comparative study using subjective and objective sleep assessments. 
Military Psychology, 29(3), 189–201. doi: 10.1037/mil0000161

Sunderram J, Udasin I, Kelly-McNeil K, Ko S, Cepeda C, Marroccoli B, … Kipen H (2011). Unique 
features of obstructive sleep apnea in World Trade Center responders with aerodigestive 
disorders. Journal of Occupational and Environmental Medicine, 53(9), 975–980. doi: 10.1097/
jom.0b013e3182305282 [PubMed: 21866046] 

Swanson LM, Arnedt JT, Rosekind MR, Belenky G, Balkin TJ, & Drake C (2011). Sleep disorders and 
work performance: findings from the 2008 National Sleep Foundation Sleep in America poll. 
Journal of Sleep Research, 20(3), 487–494. doi: 10.1111/j.1365-2869.2010.00890.x [PubMed: 
20887396] 

Taylor DJ, Pruiksma KE, Hale WJ, Kelly K, Maurer D, Peterson AL, … Williamson DE (2016). 
Prevalence, correlates, and predictors of insomnia in the US Army prior to deployment. Sleep, 
39(10), 1795–1806. doi: 10.5665/sleep.6156 [PubMed: 27450687] 

Thormar SB, Gersons BP, Juen B, Djakababa MN, Karlsson T, & Olff M (2014). The impact of 
disaster work on community volunteers: the role of peri-traumatic distress, level of personal 
affectedness, sleep quality and resource loss, on post-traumatic stress disorder symptoms and 
subjective health. Journal of Anxiety Disorders, 28(8), 971–977. doi: 10.1016/j.janxdis.
2014.10.006 [PubMed: 25445088] 

Trauer JM, Qian MY, Doyle JS, Rajaratnam SM, & Cunnington D (2015). Cognitive behavioral 
therapy for chronic insomnia: a systematic review and meta-analysis. Annals of Internal 
Medicine, 163(3), 191–204. doi: 10.7326/m14-2841 [PubMed: 26054060] 

Tucker LR (1946). Maximum validity of a test with equivalent items. Psychometrika, 11(1), 1–13. doi: 
10.1007/bf02288894 [PubMed: 21018318] 

Van Der Helm E, Gujar N, & Walker MP (2010). Sleep deprivation impairs the accurate recognition of 
human emotions. Sleep, 33(3), 335–342. doi: 10.1093/sleep/33.3.335 [PubMed: 20337191] 

Vargas de Barros V, Martins LF, Saitz R, Bastos RR, & Ronzani TM (2013). Mental health conditions, 
individual and job characteristics and sleep disturbances among firefighters. Journal of Health 
Psychology, 18(3), 350–358. doi: 10.1177/1359105312443402 [PubMed: 22517948] 

Wald J (2009). Work limitations in employed persons seeking treatment for chronic posttraumatic 
stress disorder. Journal of Traumatic Stress, 22(4), 312–315. doi: 10.1002/jts.20430 [PubMed: 
19588512] 

Walsh JK, Krystal AD, Amato DA, Rubens R, Caron J, Wessel TC, … Roth T (2007). Nightly 
treatment of primary insomnia with eszopiclone for six months: effect on sleep, quality of life, 
and work limitations. Sleep, 30(8), 959–968. doi: 10.1093/sleep/30.8.959 [PubMed: 17702264] 

Weathers F, Litz B, Keane T, Palmieri P, Marx B, & Schnurr P (2013). The PTSD Checklist for DSM-5 
(PCL-5). Scale available from the National Center for PTSD at http://www.ptsd.va.gov.

Wise EA, & Beck JG (2015). Work-related trauma, PTSD, and workers compensation legislation: 
Implications for practice and policy. Psychological Trauma: Theory, Research, Practice, and 
Policy, 7(5), 500–506. doi: 10.1037/tra0000039

Woodward SH, Murburg MM, & Bliwise DL (2000). PTSD-related hyperarousal assessed during 
sleep. Physiology & Behavior, 70(1), 197–203. doi: 10.1016/s0031-9384(00)00271-7 [PubMed: 
10978496] 

Yehuda R, Kahana B, Schmeidler J, & Southwick SM (1995). Impact of cumulative lifetime trauma 
and recent stress on current posttraumatic stress disorder symptoms in Holocaust survivors. The 
American Journal of Psychiatry, 152(12), 1815–1818. doi: 10.1176/ajp.152.12.1815 [PubMed: 
8526254] 

Yufik T, & Simms LJ (2010). A meta-analytic investigation of the structure of posttraumatic stress 
disorder symptoms. Journal of Abnormal Psychology, 119(4), 764–776. doi: 10.1037/a0020981 
[PubMed: 21090877] 

Zoccola PM, Dickerson SS, & Lam S (2009). Rumination predicts longer sleep onset latency after an 
acute psychosocial stressor. Psychosomatic Medicine, 71(7), 771–775. doi: 10.1097/psy.
0b013e3181ae58e8 [PubMed: 19622710] 

Dietch et al. Page 24

J Occup Health Psychol. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.ptsd.va.gov


Zoellner LA, Pruitt LD, Farach FJ, & Jun JJ (2014). Understanding heterogeneity in PTSD: Fear, 
dysphoria, and distress. Depression and Anxiety, 31(2), 97–106. doi: 10.1002/da.22133 
[PubMed: 23761021] 

Dietch et al. Page 25

J Occup Health Psychol. Author manuscript; available in PMC 2020 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Dietch et al. Page 26

Table 1

Descriptive Statistics and Intraclass Correlation for Unconditional models of PTSD, Symptom Dimensions, 

and Sleep Variables

Outcomes M SD Minimum Maximum ICC
a

PTSD 12.85 5.44 8.00 33.37 .85

Intrusion 2.94 1.20 2.00 7.00 .68

Avoidance 3.42 1.78 2.00 9.95 .79

Numbing 2.98 1.37 2.00 8.95 .81

Hyperarousal 3.52 1.81 2.00 10.00 .87

Sleep duration (hrs) 6.43 1.14 2.08 9.00 .42

Sleep quality 3.19 .67 1.00 5.00 .37

Note. PTSD = Posttraumatic Stress Disorder; ICC = Intraclass correlation.

a
The ICCs calculated and reported here for PTSD and symptom dimensions were based on averaged daily scores. Using the scores for each 

assessment point, the ICC values were .79 for overall PTSD, .57 for intrusion, .72 for avoidance and numbing, and .82 for hyperarousal.
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Table 3

Multilevel Modeling Within-person Fixed-effect of Sleep Duration and Sleep Quality on the Preceding Night 

Predicting PTSD Symptoms the Next Day

Model Predictor
a AIC BIC β SE p PRV (%)

Outcome: PTSD

Sleep duration 1522.50 1539.00 −.04 .01 .005 1.6

Sleep quality 1484.00 1500.30 −.01 .02 .432 8.0

Outcome: Intrusion

Sleep duration 2156.40 2169.60 −.06 .01 <.001 3.7

Sleep quality 2132.60 2149.00 −.01 .02 .609 7.8

Outcome: Avoidance

Sleep duration 1749.50 1965.90 −.03 .02 .070 3.0

Sleep quality 1663.90 1680.30 −.02 .02 .284 9.8

Outcome: Numbing

Sleep duration 1845.10 1861.50 −.03 .02 .056 1.8

Sleep quality 1834.80 1851.20 −.02 .02 .346 7.1

Outcome: Hyperarousal

Sleep duration 1351.30 1364.50 −.03 .01 .011 0.6

Sleep quality 1325.60 1341.90 −.01 .01 .319 3.8

Note. PTSD = Posttraumatic Stress Disorder; PRV = Proportion reduction in variance.

a
Each predictor was entered in the model independently, and therefore, each predictor had its own model. As such, a total of 10 models were 

estimated.
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