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Abstract

Approximately 50% to 80% of individuals with posttraumatic stress disorder (PTSD) also meet 

criteria for major depressive disorder (MDD). Sleep disturbance is a major concern in both PTSD 

and MDD, and is associated with poor treatment response, poor functional outcome, and increased 

suicide risk. Social rhythm regularity, or the consistency of daily habitual behaviors, is 

theoretically linked to circadian rhythms and may be disturbed in both PTSD and MDD. The 

present study examined the relationship between social rhythm regularity, sleep disruption, and 

MDD and PTSD symptoms in a sample of veterans with comorbid PTSD and MDD. Baseline data 

were obtained from 56 male veterans who met DSM-IV criteria for PTSD and MDD. Veterans 

completed the Social Rhythm Metric (SRM), a self-report questionnaire that assesses the 

regularity of routines by determining how regularly individuals completed 17 different types of 

activities. In a linear regression model, increased minutes awake after sleep onset (WASO) was a 

significant predictor of increased depression scores on the Hamilton Rating Scale for Depression 

(p < .05). SRM scores did not significantly predict depressive symptoms, however the interaction 

of WASO and SRM significantly predicted depressive symptoms (p = <.05), with significant 

relationships found at SRM scores less than 3.62. Neither minutes awake after sleep onset, SRM 

scores, nor their interaction was associated with PTSD symptom severity. Social and possibly 

circadian rhythm regularity may represent a risk or resilience factor for individuals with comorbid 

PTSD and MDD. Findings highlight the importance of exploring the interactions of sleep and 

social/circadian rhythms in depression in order to inform continued treatment development.
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Introduction

Posttraumatic stress disorder (PTSD) is a major mental health concern among veterans. 

Approximately 4.5% to 11.2% of Vietnam War,1 10.1% of Gulf War,2 and 23% of Operation 

Enduring Freedom/Operation Iraqi Freedom veterans3 are diagnosed with PTSD in a given 

year. In addition, 50% to 80% of individuals with PTSD also meet criteria for major 

depressive disorder (MDD)4,5 and are thus more likely to experience a number of poor 

outcomes including severe anxiety,6 suicide risk,7,8 and poor physical health-related quality 

of life.6 Comorbidity, particularly comorbid mental health conditions, can complicate 

interventions and outcomes;9 thus, research addressing modifiable processes that may be 

directly related to symptom severity in both disorders is critical to improving care for this 

vulnerable population.

One potential such process is sleep disturbance, which has been found to be relevant to the 

onset, severity and course of both MDD and PTSD. Sleep disturbances, including difficulty 

initiating and maintaining sleep, have been identified as predictors of both MDD10 and 

PTSD11 onset. After diagnosis, sleep disturbances are reported by up to 90% of individuals 

with MDD12 and PTSD.13 Sleep disturbance has been linked with maintenance of MDD,14 

and, compared to MDD without sleep disturbance, is associated with lower rates of 

treatment response15 as well as greater risk of relapse15 and suicidality.16,17 Sleep 

disturbance is similarly linked to maintenance of PTSD. It has been proposed that poor sleep 

quality elicits greater reactivity to traumatic triggers, thus increasing avoidance behaviors.18 

Additionally, Mellman19 has proposed that disturbed sleep impacts the emotional processing 

of traumatic memories, hampering recovery. Evidence for the role of sleep disturbance in the 

maintenance and severity of both MDD and PTSD is also borne out by studies 

demonstrating that treatment of sleep disturbance yields reductions in the severity of 

symptoms of MDD20,21as well as PTSD22,23. Given the prevalence of sleep disturbances in 

both disorders, sleep may in fact be a modifiable target for improving symptom severity in 

individuals with comorbid PTSD and MDD.

Another promising target is the regularity of daily routines, or social rhythms. The original 

social rhythm model of MDD24 theorizes that stressful life events disturb daily routines or 

“zeitgebers,” which are external environmental cues that entrain internal circadian rhythms. 

More recent research has led to a revision of this theory that specifies that circadian 

entrainment happens as a result of behaviors that modulate access to light exposure.25 In 

both iterations of the theory, however, disruption of internal circadian rhythms is thought to 

bring about depressive symptoms and episodes. There is abundant evidence of disturbed 

social and circadian rhythms in MDD;26 however, these disturbances in PTSD are relatively 

understudied. Among the limited evidence available in the extant literature is research 

showing that alterations in circadian rhythms are associated with suicidality in patients with 

PTSD,27 and that feedback between the circadian and stress response systems has been 

implicated in the risk for PTSD onset.28 From a social rhythm perspective, a pilot study of 

Cognitive Behavioral Social Rhythm Therapy (CBSRT) for individuals with PTSD, MDD, 

and sleep disturbance demonstrated that regularization of social rhythms was associated with 

reductions in PTSD symptoms following treatment.29
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A limitation of studies examining sleep disturbance or social/circadian rhythms in 

psychiatric disorders is that their relative contributions to symptoms are examined, but 

potential interactive effects are ignored. This is perhaps because these two constructs are 

thought to be highly inter-correlated. Studies have shown that low social rhythm regularity is 

associated with increased risk of depression.26, 30 Greater social rhythm regularity has also 

been associated with better sleep in depressed30 and healthy31,32samples; however, sleep 

quality and social rhythm regularity are not always positively correlated. Monk and 

colleagues,33 for example, found that older adults experienced disturbed sleep relative to 

controls despite exhibiting greater regularity of daytime routines. To date, no study has 

examined how the interaction of sleep and social rhythm regularity may impact symptoms of 

MDD. As social rhythms represent an overarching behavioral pattern in which sleep occurs, 

we were interested in how sleep disturbance may impact depression as a function of social 

rhythm regularity. A greater understanding of this relationship, particularly in individuals 

with comorbid diagnoses, can help to improve intervention efforts.

The current study aimed to characterize the relationship between sleep disturbance and 

social rhythm regularity in their contribution to MDD and PTSD symptoms using baseline 

data from sample of veterans with co-occurring MDD and PTSD who were to be treated 

with CBSRT. Consistent with the literature, we hypothesized that greater sleep disturbance 

and lower social rhythm regularity would be associated with greater MDD and PTSD 

symptom severity. Given previous evidence of reduced depression following CBSRT in 

veterans with sleep disturbance, we also hypothesized that the regularity of routines could 

modify relationships between sleep disturbance and symptom severity, such that sleep 

disturbance may not be associated with MDD or PTSD symptom severity in the context of 

highly regular routines.

Materials and Methods

The sample for this study is comprised of participants from two treatment studies: a pilot 

open-case study (n = 20) and a pilot randomized controlled trial (RCT; n = 36) testing the 

response to Cognitive Behavioral Social Rhythm Therapy.29 Data were collected from 2009 

to 2011. All study procedures were approved by the University of Arizona Human Subjects 

Protection Program or the Southern Arizona VA Health Care System Institutional Review 

Board.

Participants

Participants were 56 male veterans who met DSM-IV-TR34 criteria for (1) current PTSD, 

with the Criterion A exposure to trauma occurring after the age of 18; and (2) current MDD. 

To participate in the studies, veterans were also required to have disturbances in daily 

routine or sleep. Individuals who reported experiencing significant distress or impairments 

in functioning due to variability in their routine (i.e., a self-reported awakening, retiring, or 

meal time that varies by > 1 hour each day) were considered to have a daily routine 

disturbance. Disturbances in sleep constituted either (a) a positive DSM-IV-TR diagnosis of 

primary insomnia, insomnia related to PTSD, or nightmare disorder (without the PTSD 

exclusion) on the Duke Structured Interview for Sleep Disorders35 or (b) a Pittsburgh Sleep 
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Quality Index (PSQI)36 global score > 5 (Buysse et al., 1989) or PSQI PTSD Addendum37 

score > 3 (Germain et al., 2005). A full clinical sleep interview was conducted if the 

participant’s responses on self-reports indicated a primary sleep disorder to exclude potential 

participants with strong suspicion of sleep disordered breathing, restless leg syndrome, 

narcolepsy, circadian rhythm disorders, and parasomnias (note that nightmare disorder was 

not diagnosed in the presence of PTSD). If not excluded based on semi-structured interview, 

subjects then participated in an overnight sleep study to rule out primary sleep disorders. 

Studies were scored in accordance with the American Academy of Sleep Medicine Manual 

for the Scoring of Sleep and Associated Events38 utilizing 30 second epochs and reviewed 

by physicians who were board-certified in sleep medicine. Participants were excluded if they 

had a respiratory distress index ≥ 3039 or a periodic limb movement index ≥ 25.40

To maintain a representative sample of individuals with PTSD, participants were not 

excluded if they had mild sleep disorders or mild traumatic brain injuries (mTBI), as these 

disturbances are often comorbid with PTSD. Patients were excluded if they sustained 

moderate or severe TBI (e.g., altered or loss of consciousness > 30 minutes, posttraumatic 

amnesia > 24 hours) or if the mTBI occurred within the last 3 months.41 Individuals were 

included in the analysis if they had at least four days of data to compute a Social Rhythm 

Metric score.

Procedure

Participants were screened for PTSD and MDD diagnoses using the Structured Clinical 

Interview for the DSM IV-TR (see Measures). Severity of symptoms was assessed with the 

Clinician Administered PTSD Scale for the DSM-IV-TR (CAPS) and the Hamilton Rating 

Scale for Depression (HRSD). Once sleep disorders were ruled-out via overnight sleep 

study, participants were trained on the Social Rhythm Metric and daily sleep diary and 

instructed to complete the measures for 7 days. All participants were required to telephone 

the results of their daily sleep diary every morning to the study phone line. Staff phoned 

participants who did not call-in their results. These procedures were put in place to minimize 

retrospective recall bias.

Measures

All research staff completed structured training programs for the completion of diagnostic 

and clinical interviews. Raters were considered competent when they achieved independent 

scores of videotaped interviews that were within 1 point of the reference score for each item 

and a total summed score within 4 points of the reference total score. The reference score 

was provided by a licensed clinical psychologist with 10+ years of clinical and research 

experience providing PTSD care within the VA (PLH). Upon achieving competency, all 

raters had to establish an interclass correlation coefficient (ICC) of >.80 with reference 

ratings for an additional 3 videotaped interviews. Thereafter, raters participated in weekly 

conferences for interview integrity checks to prevent rater drift, and reliability analyses were 

conducted at 6 month intervals.
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Screening Measures.

Structured Clinical Interview for the DSM-IV.: The SCID42 is a standardized semi-

structured interview for diagnosing DSM-IV-TR (formerly) Axis I mental disorders. The 

SCID has been shown to have adequate reliability and validity for most diagnoses, and it is 

considered the gold standard for psychiatric diagnostic assessment.

Duke Structured Interview for Sleep Disorders35: The DSI is a standardized, semi-

structured interview for diagnosing both DSM-IV-TR and International Classification for 

Sleep Disorder-2 current and lifetime sleep disorders.

Pittsburgh Sleep Quality Index (PSQI) with Addendum36,37.: The PSQI is a self-report 

measure used to assess sleep quality and sleep disturbances over a one-month period of time. 

The 7-item addendum assesses the frequency of disruptive nocturnal behaviors commonly 

reported by PTSD patients (Germain et al., 2005).

Outcome Measures

Hamilton Rating Scale for Depression (HRSD). 43: The HRSD is a clinician-rated 

assessment of depressive symptoms with adequate internal reliability, convergent and 

discriminant validity.44 The current study utilized the standard 17-item version with the 

sleep items removed (e.g., items 4 [early insomnia], 5 [middle insomnia], and 6 [late 

insomnia]). Total scores range from 0 to 52.

Clinician Administered PTSD Scale for the DSM-IV-TR (CAPS) 45: The CAPS is a 

clinician-administered, structured interview of PTSD symptomatology developed by the 

National Center for PTSD that is considered a reliable and valid measure of PTSD symptom 

severity.46 Sleep items were removed for analyses (e.g., item 2 - experiencing unpleasant 

dreams, waking from dreams and having difficulty getting back to sleep). Scores range from 

0 to 120.

Daily Sleep Diary.: A daily sleep diary was used to record subjective sleep/wake behaviors. 

In the morning upon waking, participants recorded information about their sleep from the 

previous night including what time they got into bed, the time they intended to begin 

sleeping, the time of their final morning awakening, and what time they arose from bed in 

the morning. They also recorded their own estimates of the time it took them to fall asleep 

(sleep onset latency), the time they spent asleep during the night (total sleep time), the 

number of awakenings they experienced in the middle of the night and the length of these 

awakenings, whether or not they took daytime naps, nightmare intensity and frequency, and 

subjective sleep quality every day for the previous night. Data were included if participants 

completed a minimum of four nights on the daily sleep diary to reflect the majority of the 

week. Average days’ completion across the sample was 6.69 days (SD = .69).

Social Rhythm Metric (SRM). 47: The SRM is a daily self-report measure designed to 

assess social rhythms in a manner similar to a daily sleep diary. Participants are asked to 

report when and with whom 18 different types of events occurred; two of which are “write-

ins” to represent two additional activities he/she performs at least three times per week that 
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are not otherwise represented on the questionnaire. Participants completed the SRM each 

evening prior to going to sleep. SRM scores were derived based on the Monk et al. 

algorithm,47 using up to 7 days’ worth of logs analyzed as a single unit. Range of possible 

scores for the SRM are 0 – 7. Participants completed the SRM for 1 week. An individual’s 

SRM score is representative of the regularity of an individual’s life, with greater scores 

indicating greater regularity of daily routines. Data were included for participants who 

completed a minimum of 4 days of recording as this represented the majority of the week. 

Average days’ completion across the sample was 6.68 (SD = .72).

Data Analysis

Analyses were conducted using SPSS Version 25 (SPSS Inc., Chicago, IL, USA). To limit 

multiple testing, we operationalized sleep disturbance as indices of sleep onset latency and 

wake after sleep onset (WASO) derived from self-reported daily sleep diaries. These indices 

were selected for several reasons: they are clinical targets used for assessing insomnia 

severity and frequency,48 within our sample, they were significantly correlated with other 

indices of sleep disturbance (e.g., total sleep time, sleep quality, ps <.03), and they were not 

derived from other indices of sleep disturbance (e.g., sleep efficiency, which is a ratio of 

time in bed and total sleep time). Analyses were conducted using multiple linear regression 

with all sleep items and SRM scores plus interactions of SRM and onset latency and WASO 

as independent variables. Conditional effects of SRM scores on the depression/insomnia 

relationship were obtained using the PROCESS syntax from Preacher and Hayes49 using 

Johnson- Neyman50 output to obtain region of significance for continuous moderators. 

Separate models were used to predict HRSD and CAPS symptoms.

Results

Descriptive Statistics

On average, participants were 52.2 years old (SD = 11.8 years), predominantly Caucasian 

(70%) and predominantly veterans of the Vietnam War (57%). Participants presented with 

moderate to severe symptoms of MDD (HSRD M = 22.0; SD = 5.2) and PTSD (CAPS M = 

73.4; SD = 19.4). There were no significant differences between the pilot and RTC samples 

on any clinical variable. For the purposes of analyses, sleep items were removed from the 

CAPS and HRSD to avoid double counting the effects of sleep disturbance on symptom 

severity (HRSD without sleep problems M =18.0 SD =4.6; CAPS without sleep items M 
=62.6; SD =17.7). The average MDD and PTSD symptom severity calculated without 

corresponding sleep disturbance items still met severe thresholds (e.g., “moderate” CAPS 

and HRSD ranges are 40–59 and 14–18 respectively; “severe” CAPS and HRSD ranges are 

≥ 60 and ≥ 19 respectively).

Average SRM scores of participants was 3.10 (SD = 1.00). As social rhythm regularity is 

typically only studied in psychiatric samples, a “healthy” level of social rhythm regularity is 

not often reported in the literature. However, in one study of 1249 subjects, social rhythm 

metric scores in a healthy population demonstrated average scores of 3.48 during a typical 

week.51 A single-sample t-test revealed the mean SRM scores in our sample are significantly 

lower than those of healthy individuals (t = −2.75, p <.05); and 58.9% of our sample had 
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SRM scores below 3.48. Complete means and standard deviations of demographic and 

clinical variables are presented in Table 1.

Depressive Symptoms

In the linear model predicting MDD symptom severity, greater wake time after sleep onset 

(B = .150; p <0.05) was associated with greater depression severity, such that for every 

minute of time spent awake after sleep onset, depression scores will increase by .15 points. 

Greater sleep onset latency did not significantly predict depressive symptoms, nor did social 

rhythm regularity. Although social rhythm regularity did not independently predict 

depressive symptom severity, the interaction of social rhythm regularity with wake after 

sleep onset was significant (B = −0.036, p <0.05 ). Visual review of the Johnson-Neyman 

region of significance output from the PROCESS macro revealed that greater time spent 

awake after sleep onset significantly related to depressive symptoms only when SRM scores 

were below 3.62. Scores below this threshold reflect a majority of the third and all of the 

fourth quartiles of SRM scores in the sample (see Figure 1).

PTSD Symptoms

No indices of sleep disturbance or social rhythms, nor their interaction, were significantly 

associated with PTSD symptoms. See Table 2 for complete results.

Discussion

The present study examined the associations of sleep disturbance and social rhythms with 

MDD and PTSD symptoms in veterans with comorbid diagnoses. We found partial support 

for our hypotheses. While social rhythm regularity was not significantly associated with 

MDD or PTSD symptom severity, greater levels of wakefulness after sleep onset were 

associated with greater levels of depressive symptoms. Additionally, social rhythm regularity 

significantly interacted with wakefulness after sleep onset to predict MDD severity but not 

PTSD severity. Specifically, wakefulness after sleep onset was only significantly associated 

with MDD symptom severity when social rhythm regularity was low. The point at which 

WASO becomes significantly associated with MDD severity is at an SRM score of 

approximately 3.6. As mentioned previously, the average SRM score of healthy individuals 

has been reported to be approximately 3.5.51 Thus, it appears that even slight reductions in 

“healthy” levels of routine regularity may make an individual with wakefulness after sleep 

onset more prone to depressive symptoms. This is a relationship that warrants further 

research in longitudinal studies.

The cross-sectional nature of the analyses prohibits causal interpretations; however it is 

helpful to consider hypotheses for future longitudinal studies. It is possible that activities 

that individuals engage in when awake during the middle of the night (e.g., using electronics 

and exposing themselves to light, ruminating in bed) may extend their wakefulness, make it 

difficult for them to have a consistent wake time, and cause a domino effect of future social 

rhythm irregularity leading to worsening of depressive symptoms. As Haynes and colleagues 

(2016) have suggested,25 access to light exposure can influence circadian entrainment. In 

this way, mid-sleep light exposure may have direct effects on internal circadian rhythms 
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leading to depressive symptoms in vulnerable individuals. Conversely, individuals with 

strong social rhythms may avoid altering their schedules greatly even in the face of 

continued mid-sleep awakenings, thus preventing the disruption of internal circadian 

rhythms and, hypothetically, the onset of depressive symptoms. The plausibility of these 

explanations as well as the direction of effects should be pursued in future research.

Our results suggest that social and possibly, by extension, circadian rhythm regularity may 

represent a risk/resilience factor for individuals with PTSD and MDD. It follows that 

treatment of sleep disturbance in individuals with PTSD and MDD that also emphasizes 

stability of daily routines may be particularly useful. Indeed, a possible mechanism of the 

aforementioned CBT-I is the stabilization of routines elicited through stimulus control 

strategies and regularization of the sleep/wake cycle. This is of course speculative, but a 

hypothesis that may be worth pursuing in future studies.

This study has several important strengths. First, this study examined the interaction of 

social rhythm regularity and sleep disturbance rather than focusing only on the relationship 

of one or the other to depression symptom severity. The relationship of sleep, social rhythms 

and depression is likely complex, and thus advances in treatments for MDD will be 

advanced by examining these factors in an interactive manner. Second, severity of MDD and 

PTSD was clinician-rated rather than self-reported, and the outcome variables of symptom 

severity were independent of the contribution of sleep disturbance, thus limiting the potential 

confound of the fact that sleep disturbance comprises diagnostic criteria for both disorders. 

Finally, sleep and social rhythm regularity were recorded on a daily basis, thus limiting the 

effects of retrospective bias. These strengths notwithstanding, there were also limitations. 

First, the sample is entirely male, which limits generalizability and misses the contributions 

of sex differences to sleep and circadian functioning. Future studies should incorporate both 

sexes. Unlike symptom severity, sleep disturbance was entirely self-reported via daily sleep 

diaries. As individuals with insomnia have been shown to over-report time spent awake 

relative to objective measures of sleep (e.g., actigraphy or polysomnography);52 it is possible 

that findings would be different with objective measures of sleep. Although seven 

consecutive days of daily recording of social rhythms and sleep are recommended, we 

included individuals who had at least 4 days’ worth of recordings as they represented the 

majority of the week. The relationship between social and circadian rhythms is still largely 

theoretical; while there is evidence that both social and circadian rhythm disruption leads to 

depressive symptoms, the full chain of events as outlined in the social rhythm hypothesis 

remains unconfirmed. In our study, we conceptualized social rhythm regularity as a 

moderator of the sleep and depression relationship, however it is also possible to conceive of 

sleep disturbance as the moderating variable. For example, greater sleep disturbance could 

strengthen the relationship between low daily routine regularity and increased depression 

symptoms. As more studies examine interactive relationships of sleep and social rhythms, 

evidence may emerge to support one conceptualization as opposed to the other. Finally, as 

previously mentioned, the cross-sectional nature of the analyses prohibits the confirmation 

of causal hypothesis.

Together, our results suggest that future examinations of sleep and social rhythm disturbance 

should be examined in terms of their potential interactive relationships to depressive 
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symptoms, and highlight the importance of better understanding the intersection of sleep and 

circadian rhythms in MDD. Individuals with comorbid PTSD and MDD are at increased risk 

for a number of poor clinical and functional outcomes. Our results support the potential of 

both sleep and social rhythms as independent as well as interactive treatment targets for this 

vulnerable population.
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Figure 1. Interaction of wake after sleep onset and social rhythm regularity predicting 
depression severity.
The 1st quartile represents the lowest 25% of social rhythm regularity scores among 

participants; the 4th quartile represents the highest 25% of social rhythm regularity scores 

among participants. WASO is significantly related to depression severity in 62.5% of the 

sample, from the first to within approximately mid-way through the 3rd quartile of SRM 

values. WASO was derived from daily sleep diaries; Depression severity was derived from 

the Hamilton Rating Scale for Depression with the sleep items removed.
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Table 1.

Clinical and demographic characteristics of study sample (n=56).

Demographic/Clinical Mean (SD)

Age 52.24 (11.79)

HRSD 22.01 (5.22)

HRSD without sleep items 17.99 (4.57)

CAPS 73.42 (19.38)

CAPS without sleep items 62.55 (17.68)

SRM 3.11 (1.01)

Sleep Onset Latency (minutes) 46.23 (52.06)

Wake After Sleep Onset (minutes) 46.72 (47.08)

Gender/Ethnicity n (%)

Male 56 (100%)

Caucasian 39 (70%)

Hispanic 11 (20%)

African American 1 (1.8%)

Pacific Islander 1 (1.8%)

Native American 2 (3.6%)

Other 2 (3.6%)

Military Era n (%)

Vietnam 32 (57.1%)

OEF/OIF 11 (19.6%)

Gulf War/Desert Storm 7 (12.5%)

Other 6 (10.7%)

CAPS = Clinician Rated PTSD Scale; HRSD = Hamilton Rating Scale for Depression; OEF/OIF = Operation Enduring Freedom/Operation Iraqi 
Freedom; SRM = Social Rhythm Metric
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Table 2.

Sleep disturbance and social rhythm regularity predicting depression and PTSD symptom severity.

Predicting Depression Severity

B S.E. t p Lower C.I. Upper C.I.

Social Rhythm Metric −.765 .814 −.939 .352 −2.398  .869

Sleep Onset latency .028 .030 .925 .359  −.033  .088

SRM*SOL Interaction −.005 .016 −.327 .745  −.037  .026

Social Rhythm Metric .013 .838 .015 .988 −1.668 1.694

Wake After Sleep Onset .150 .056 2.699 .009  .038  .261

SRM*WASO Interaction −.036 .015 −2.385 .021  −.066  −.006

Predicting PTSD Severity

B S.E. t p Lower C.I. Upper C.I.

Social Rhythm Metric −2.775 3.253 −.853 .398  −9.307 3.757

Sleep Onset latency .103 .121 .853 .398  −.139 .346

SRM*SOL Interaction −.041 .063 −.655 .515  −.167 .085

Social Rhythm Metric −4.222 3.522 −1.199 .236 −11.293 2.850

Wake After Sleep Onset .120 .234 .514 .610  −.349 .589

SRM*WASO Interaction −.020 .063 −.311 .757  −.147 .108

SOL = sleep onset latency; SRM = social rhythm metric; WASO = wake after sleep onset
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