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Abstract

Background: Emotion dysregulation can elicit inflammatory activity. The current study 

examined whether specific maladaptive and adaptive emotion regulation strategies were associated 

with inflammatory markers in trauma-exposed veterans, above and beyond PTSD.

Methods: In a cohort study, 606 participants exposed to a Criterion A trauma and recruited from 

Veteran Health Administration facilities completed fasting blood draws, the Emotion Regulation 

Questionnaire, and the Clinician Administered PTSD Scale-IV. Inflammation was assessed with 

high sensitivity C-reactive protein (hsCRP), white blood cell count (WBC), and fibrinogen levels. 

An inflammation index was created by summing standardized log-transformed levels of the three 

biomarkers. Our primary linear regression models were adjusted for sex, age, race, education, 

income, creatinine, and PTSD.

Results: Suppression, but not cognitive reappraisal, was significantly associated with higher 

levels of the inflammatory index (β = 0.14, p = 0.001). Parallel analyses for the individual 

inflammatory markers also showed suppression, but not reappraisal, was significantly associated 

with higher hsCRP (β = 0.11, p = 0.01), WBC (β = 0.11, p = 0.01), and fibrinogen (β = 0.10, p = 

0.02).

Conclusions: Emotional suppression is related to elevated systemic inflammation independent 

of PTSD. Cognitive reappraisal is unrelated to inflammation. Findings suggest over-utilization 

of maladaptive, rather than underutilization of adaptive, emotion regulation strategies may be 

associated with systemic inflammation in trauma-exposed veterans.
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1. Introduction

Most people will experience a traumatic event in their lifetime (e.g., McLaughlin et al., 

2013). Trauma exposure can change individuals’ perceptions of themselves, how they relate 

to others, and their reactivity and responsivity to the environment (Badour and Feldner, 

2013; Scher et al., 2017). Although trauma exposure can lead to posttraumatic growth, it 

can also lead to posttraumatic stress sequelae including posttraumatic stress disorder (PTSD) 

and major depressive disorder (MDD) (Cloitre et al., 2005; O’Donnell et al., 2004). The 

mediators involved in the pathway from trauma exposure to psychiatric illness involve 

both psychological and biological mechanisms (King et al., 1999; Roth, 2014). Emotion 

regulation and inflammation are two such mechanisms (e.g., Ehring and Quack, 2010; 

O’Donovan et al., 2017), but little is known about their associations with one another in 

trauma-exposed populations.

Emotion regulation (ER) refers to the set of processes involved in changing the onset, 

duration, intensity, and/or type of emotion elicited by a stimulus (Gross, 1999). ER is 

consistently found to be involved in the etiology and maintenance of trauma sequelae (see 

Ehring and Quack, 2010). For example, above and beyond the effects of negative affect 

(Bradley et al., 2011), so-called “maladaptive” strategies such as expressive suppression are 

implicated in the etiology of PTSD (Ehring and Quack, 2010). Specifically, individuals with 

PTSD may over-utilize maladaptive strategies and under-utilize more effective “adaptive” 

strategies (Boden et al., 2013) such as cognitive reappraisal, which entails changing 

one’s thoughts about the meaning of a stimulus (Gross, 1998). However, research has 

demonstrated stronger associations between maladaptive ER strategies and psychopathology 

including PTSD than adaptive ER strategies (Aldao et al., 2010; Lee et al., 2015; Seligowski 

et al., 2015). Suppression, or the active inhibition of emotion-expressive behavior (Gross, 

1998), is theorized to contribute to the development and maintenance of PTSD by inhibiting 

emotional processing (Foa and Kozak, 1986; Sijbrandij et al., 2013). Suppression also has 

physiologic consequences, often causing increased sympathetic activation (e.g., Gross and 

Levenson, 1997). Sustained activation of the sympathetic nervous system (SNS) may not 

only exacerbate PTSD symptoms, it can also increase inflammatory activity (Michopoulos et 

al., 2017).

Inflammation has been identified as a pathophysiologic mechanism involved in the etiology 

and maintenance of both mental and physical health sequelae of trauma (Baumeister 

et al., 2016; Passos et al., 2015; Sumner et al., 2019; Tursich et al., 2014). Trauma 

exposure and PTSD are associated with elevated markers of systemic inflammation 

including high-sensitivity C-reactive protein (hsCRP), white blood cell count (WBC), and 

fibrinogen (Danese et al., 2007; O’Donovan et al., 2017). More broadly, pervasive emotion 

dysregulation and chronic psychosocial stress are consistently associated with inflammation 

(e.g., Crowell et al., 2015; Hansel et al., 2010). However, it is largely unclear if and to what 
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extent specific emotion regulation strategies play a role in inflammation in trauma-exposed 

samples.

Few studies have investigated the relationship between specific ER strategies and 

inflammation. Rather, the majority of the scant research examining this relationship has 

instead focused on emotional dysregulation in general. For example, in a longitudinal study 

in children, difficulties in emotional self-regulation predicted higher C-reactive protein 

(CRP) concentrations in middle adulthood (Appleton et al., 2011). In a cross-sectional 

study of African American women with Type-2 diabetes, difficulty regulating emotions was 

associated with elevated CRP independent of body mass index (BMI), PTSD, and MDD 

(Powers et al., 2016). To our knowledge, only one prior study has examined the relationship 

between specific ER strategies and inflammation. In a cross-sectional study of community­

dwelling adults, Appleton et al. (2013) found expressive suppression was associated with 

elevated CRP whereas cognitive reappraisal was associated with significantly lower levels 

of CRP. While these findings provide important preliminary evidence, additional assessment 

of the relationship between specific ER strategies and other indices of inflammation is 

needed. Most importantly, it remains unknown if these findings extend to trauma-exposed 

samples (i.e., a risk factor for maladaptive ER and elevated inflammation) and whether this 

relationship remains after accounting for psychiatric diagnosis.

The current study sought to examine the relationship between expressive suppression and 

cognitive reappraisal with inflammation in trauma-exposed Veteran Health Administration 

(VHA) patients. In the study by Appleton et al. (2013) described above, the effect size for 

reappraisal was smaller than for suppression. Moreover, maladaptive ER use is consistently 

more strongly associated with psychiatric illness than adaptive strategies (Aldao et al., 

2010). Thus, we hypothesized that expressive suppression, but not cognitive reappraisal, 

would be associated with inflammation, above and beyond the effects of biological 

covariates and PTSD diagnosis. Specifically, we expected greater use of suppression to 

be positively associated with inflammation.

2. Method

2.1. Participants and procedures

The Mind Your Heart Study (MYH) is a prospective cohort study investigating the long-term 

relationship between physical health outcomes and PTSD in VHA patients. The current 

study used cross-sectional baseline data that was collected from 746 MYH participants 

between February 2008 and June 2010. Participants were recruited from two Northern 

California VA Health Care Systems. In line with primary study aim, VHA patients with 

a PTSD diagnosis were intentionally over-sampled. Participants were recruited through 

three methods: via flyers posted in VA clinics, provider referrals, and mailed letters sent 

to patients who were seen in medical clinics within the past five years and received 

International Classification of Diseases (9th revision; ICD-9) codes for PTSD diagnosis, 

as well as to patients of a similar-age also seen in the medical clinics but without a PTSD 

diagnosis. Exclusion criteria included inability to walk one block or myocardial infarction 

within the prior six months due to cardiac testing performed at baseline. Patients were also 

excluded if they lacked a stable living address or had plans to move in the next three years. 
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Given the primary aim to examine ER and inflammation in a trauma-exposed sample, further 

inclusion criterion for primary analyses was exposure to a Criterion A trauma as defined by 

DSM-IV criteria for PTSD (American Psychiatric Association, 2000); of the participants, 

94 veterans did not experience a criterion A trauma. In-person interviews and self-report 

questionnaires were conducted and blood draws were performed, all at VHA facilities. If 

participants reported acute illness, appointments were rescheduled. All participants provided 

written informed consent. The study was approved by the Institutional Review Board at 

the University of California and the San Francisco VA Health Care System Research and 

Development Committee.

2.2. Measures

2.2.1. Demographics—All demographic data (i.e., sex, age, race, ethnicity, education, 

combined household past year income, marital status, employment status) and military 

variables (e.g., branch of service, war zone exposure, rank, deployment data, time served) 

were collected via self-report questionnaires. Because of changes in study protocol, military 

variables were only collected at baseline for the last 145 participants and during second year 

follow-up by telephone interview for participants that were still retained in the study at that 

point (see Table 1 for full demographics including missing data percentages).

2.2.2. Diagnoses—Current (past month) and lifetime PTSD diagnostic criteria and 

severity was assessed using the Clinician Administered PTSD Scale (CAPS; Blake et al., 

1995) based on the criteria for Diagnostic and Statistical Manual of Mental Disorders 

4th edition (DSM-IV-TR; American Psychiatric Association, 2000). The CAPS is the gold 

standard diagnostic interview for PTSD and measures the frequency (0 = never or none, 

4 = almost daily, more than 80 % of the time) and severity (0 = none, 4 = extreme) of 

each symptom on a four-point scale. The CAPS demonstrates excellent test-reliability and 

internal consistency (Weathers et al., 2001). All interviews were conducted by master’s level 

clinicians under the supervision of a licensed clinical psychologist with PTSD assessment 

expertise. The PTSD group included individuals with either full PTSD or partial PTSD, 

which is associated with significant impairment in functioning (Weathers et al., 2001). 

Of the three DSM-IV symptom clusters, re-experiencing represents the most conceptually 

distinct cluster from other psychiatric illnesses and thus partial PTSD participants were 

required to meet full criteria for this cluster. Partial PTSD participants were required to meet 

diagnostic threshold for one other cluster, in addition to the other CAPS criteria as well as 

the lower PTSD threshold total severity score ≥ 40 (Weathers et al., 2001). This approach 

allowed for inclusion of patients who had qualifying traumatic events and substantial PTSD 

symptoms, but missed exact diagnostic criteria because of their symptom distribution. Based 

on these criteria, individuals were categorized into two groups: Current PTSD or No Current 

PTSD. Of the 246 veterans meeting criteria for Current PTSD, 19 (7.72 %) met criteria for 

only partial PTSD.

2.2.3. Emotion regulation questionnaire—The Emotion Regulation Questionnaire 

(ERQ; Gross and John, 2003) is a 10-item self-report assessment of the typical use 

of expressive suppression (4 items) and cognitive reappraisal (6 items). Both expressive 

suppression (ES) and cognitive reappraisal (CR) items assess ER strategy use for both 
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positive emotions and negative emotions. Respondents rate how much they agree with each 

item on a seven-point Likert scale (1 = strongly disagree, 7 = strongly agree), with higher 

scores indicating greater use of the respective ER strategy. Items are summed to create a 

total score (range: 7–70) and two orthogonal subscale scores (ES range: 4–28; CR range: 6–

42). The ERQ is widely used in psychopathology research and demonstrates good reliability 

and convergent validity (Gross and John, 2003). Internal consistency in the current sample 

was good (expressive suppression α = 0.72, cognitive reappraisal α = .83).

2.2.4. Inflammatory markers—Participants provided fasting morning venous blood 

samples to measure levels of three widely-used biomarkers of inflammation (Pearson et 

al., 2003). HsCRP, an acute phase inflammatory protein, was measured using a BNII 

nephelometer (Siemens Health Care Diagnostics, Tarrytown, New York) with interassay 

coefficients of variation < 5 %. WBC count, or the number of WBC per blood volume, was 

determined using the Beckman Coulter LH 750 analyzer (Beckman Coulter, Inc., California) 

with an interassay coefficient of variation < 2 %. Finally, for fibrinogen, a clotting protein, 

serum concentrations were obtained by the Clauss assay with coefficients of variation < 3 %.

2.2.5. Covariates—Participants completed several self-report questionnaires to 

determine health behaviors that may additionally impact inflammation levels (Cohen et al., 

2009). Tobacco use was assessed using an item asking participants whether they currently 

smoke cigarettes. The Alcohol Use Disorders Identification Test-consumption (AUDIT-C; 

Bush et al., 1998) was used to identify possible problematic alcohol use, using the 

recommended cut-off scores of 3 for women and 4 for men. Physical activity was assessed 

using an item asking participants how often they engaged in physical activity (defined as at 

least 15–20 min of brisk walking, swimming, general conditioning, or recreational sports) 

over the past month on a 6-point Likert scale (0 =Not at all active, 5 = Extremely active (5 

or more times a week)). In line with prior studies (e.g., Cohen et al., 2009), activity level 

was dichotomized as physically inactive (Likert scores 0–1) and physically active (Likert 

scores 2–5). This has shown to be a reliable methodology for assessing physical activity 

(Jackson et al., 2007). Using an item from the Pittsburgh Sleep Quality Index (Buysse et 

al., 1989), participants rated their subjective overall sleep quality for the past month on a 

5-point Likert scale (4 = very bad, 0 = very good). Sleep quality was dichotomized (good = 

0, poor = 1) as poor sleep (Likert scores 3–4) and good sleep (Likert scores 0–2). Body mass 

index (BMI) was also assessed by a trained technician and calculated by the participants’ 

weight divided by the square of their height (kg/m2). Kidney function was also assessed as 

elevations in inflammatory markers can be associated with impaired renal function. Serum 

creatinine levels were obtained through fasting morning venous blood samples. Self-reported 

depression severity was assessed using the 9-item Patient Health Questionnaire (PHQ-9; 

Spitzer et al., 1999).

Additionally, history of health conditions and disease events were assessed through self­

report. Participants provided yes/no responses to whether a doctor or nurse had diagnosed 

them with the condition. The conditions were then grouped into eight overarching disease 

taxonomies: cardiovascular (heart attack, angina, congestive heart failure, other heart disease 

or stroke), diabetes, liver (hepatitis, cirrhosis, or liver disease), renal, AIDS/HIV, chronic 
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lung disease (obstructive lung disease or other lung disease), neurological (Parkinson’s, 

dementia, other neurologic disease), and cancer. Dummy variables were created for each 

participant based on endorsement of at least one disorder within each category. A medical 

comorbidity index severity score was then created summing the counts across categories.

2.3. Statistical analyses

Several preliminary analyses were conducted to exclude invalid data and to account for 

missing data in variables of interest. Participants with missing, incomplete, or invalid CAPS 

and ERQ data were excluded from analyses (N = 22). For all inflammatory analyses, 

participants with any missing inflammatory markers were also excluded (N = 12). The final 

Criterion A trauma-exposed sample used for all analyses was 606 veterans.

Preliminary analyses were conducted to determine descriptive statistics and frequencies 

for demographic variables. For all analyses, hsCRP, WBC count, and fibrinogen were 

log-transformed to produce normal distributions. Using a previously published method 

to create an inflammatory index (O’Donovan et al., 2012), log-transformed inflammatory 

markers were standardized into z-scores and summed. Bivariate Pearson correlations were 

conducted to determine associations between each ER strategy and inflammatory index 

(primary outcome) and individual biomarkers (secondary outcomes). Partial correlations 

were also performed to examine associations adjusting for PTSD severity.

Two multiple linear regressions were then conducted to examine the association between 

expressive suppression and cognitive reappraisal and the inflammatory index; the first 

regression adjusted for sociodemographic and biological covariates (age, sex, ethnicity, 

education, income, and creatinine) and the second regression adjusted additionally for 

PTSD diagnostic status. Six parallel multiple linear regressions were performed to test 

for the association between emotion regulation strategies and each inflammatory biomarker 

separately (hsCRP, WBC, fibrinogen), adjusting first for biological covariates only then 

in addition to PTSD. For all regressions, sex (Male = 0, Female = 1), race (White = 0, 

Racial/Ethnic Minority = 1), annual household income (<$20,000 = 0, ≥$20,000 = 1), 

and PTSD diagnostic status (No Current PTSD = 0, Current PTSD = 1) were dummy 

coded. To examine the potential role of health behavior mediators, sensitivity analyses were 

conducted further adjusting for additional covariates that were associated with inflammatory 

biomarkers at p < .05. All analyses were run using SPSS, Version 22.

3. Results

3.1. Demographics and preliminary analyses

The sample identified primarily as male (93.7 %), Non-Hispanic (89.3 %), and White (58.9 

%) with an average age of 58.0 years (SD = 11.2; see Table 1 for full demographics). 

Approximately 41 % of trauma-exposed veterans met for current PTSD (n = 246). 

Consistent with prior research (e.g., Gross and John, 2003), suppression and reappraisal 

were not significantly correlated with each other (r = .01, p = 0.82), confirming these 

are independent ER strategies. Bivariate correlations revealed expressive suppression was 

significantly positively associated with CAPS past month total severity score (r = .30, 
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p < .001). Expressive suppression was also significantly positively associated with the 

inflammatory index (r = .17, p < .001) and all inflammatory biomarkers (hsCRP r = .12, p 
= .003; WBC r = .12, p = .005; fibrinogen r = .15, p < .001). Adjusting for PTSD severity, 

suppression remained significantly positively correlated with inflammatory index (r = .14, p 
< .001) and all inflammatory biomarkers (hsCRP r = .11, p = .01; WBC r = .09, p = .02; 

fibrinogen r = .13, p = .002).

Cognitive reappraisal was significantly negatively associated with CAPS total severity 

scores although correlations were very small (r = −.09, p = .02). Cognitive reappraisal was 

not significantly correlated with any inflammatory biomarkers or the inflammatory index. 

Partial correlations and adjustment for PTSD severity revealed a similar pattern. See Table 

2 for bivariate Pearson correlations between sociodemographic and health behavior variables 

with emotion regulation and inflammation markers.

3.2. Primary outcome

Adjusting for sex, age, race, education, income, and creatinine (R = 0.29, F(8, 581) = 

6.40, p < .001), multiple linear regression revealed expressive suppression, but not cognitive 

reappraisal, was associated with significantly higher levels of the inflammatory index (β = 

0.15, p < 0.001). After additionally adjusting for PTSD diagnostic status (see Table 3 for 

fully adjusted models, (R = 0.29, F(9, 580) = 5.97, p < .001))1, expressive suppression, 

but not cognitive reappraisal, remained significantly positively associated with inflammatory 

index (β = 0.14, p = 0.001).

Subsequent parallel analyses revealed a similar pattern across all inflammatory biomarkers. 

When adjusting for sociodemographic and biological covariates only, expressive suppression 

was associated with significant increases in hsCRP (R = 0.23, F(8, 581) = 3.80, p < .001; 

β = 0.11, p = 0.006), WBC (R= 0.19, F(8, 581) = 2.50, p = .01; β = 0.12, p = 0.003), and 

fibrinogen (R= 0.27, F(8, 581) = 5.71, p < .001; β = 0.10, p = 0.01). After further adjusting 

for PTSD (Table 2)2, expressive suppression remained significantly positively associated 

with elevations in hsCRP (R = 0.23, F(9, 580) = 3.64, p < .001; β = 0.11, p = 0.01), WBC 

(R= 0.18, F(9, 580) = 2.19, p = .02; β = 0.11, p = 0.02), and fibrinogen (R= 0.27, F(9, 580) = 

5.16, p < .001; β = 0.10, p = 0.03).

3.3. Sensitivity analyses

Five separate sensitivity analyses were performed (see Table 4 and Supplementary Table 

1). First, fully adjusted linear regressions (i.e., sex, age, race, education, income, creatinine, 

PTSD) were repeated with additional adjustment for health behaviors (physical activity, 

problematic drinking, smoking, BMI, poor sleep), all of which were significantly associated 

with at least one inflammatory marker at p < .05. Results, although attenuated, remained 

largely unchanged. Specifically, suppression, not reappraisal, remained significantly 

1This pattern of results remained the same when repeated with CAPS past month total severity. Overall model was significant (F(9, 
580) = 5.90, p < .001) and suppression, but not reappraisal remained a significantly positively associated with inflammatory index (β = 
0.13, p = 0.002).
2Although slightly attenuated, patterns of results remained the same when repeated with CAPS past month total severity. Suppression, 
but not reappraisal remained significantly positively associated with hsCRP (β = 0.10, p = 0.017), WBC (β = 0.10, p = 0.02), and 
fibrinogen (β = 0.09, p = 0.035).
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associated with inflammatory index (β = 0.11, p = 0.007), WBC (β = 0.11, p = 0.01), 

and fibrinogen (β = 0.08, p = 0.046). However, the effect of suppression on hsCRP was 

no longer significant (β = 0.06, p = 0.15). Second, fully adjusted linear regressions were 

also repeated omitting veterans with hsCRP > 10 mg/L (N = 23) in order to rule out the 

possibility of inflammation due to acute infection or injury. Suppression, but not reappraisal, 

continued to be positively associated with inflammation index (β = 0.11, p = 0.008), hsCRP 

(β = 0.09, p = 0.03), and fibrinogen (β = 0.08, p = 0.05), however the effect on WBC 

only approached significance (β = 0.08, p = 0.08). Third, fully adjusted linear-regression 

models were repeated excluding participants taking daily or as needed oral corticosteroids or 

immunosuppressants (N=11). Analyses revealed similar results; suppression, not reappraisal, 

remained significantly associated with inflammatory index (β = 0.14, p = 0.001), hsCRP 

(β = 0.09, p = 0.02), WBC (β = 0.11, p = 0.008), and fibrinogen (β = 0.11, p = 0.01). 

Additionally, given overlap of depression and PTSD in the current sample, linear regressions 

were repeated adjusting for depression severity in addition to sociodemographic variables. 

Results revealed a similar pattern; suppression, but not reappraisal, was significantly 

positively associated with inflammatory index (β = 0.14, p = 0.002), hsCRP (β = 0.09, 

p = 0.037), WBC (β = 0.12, p = 0.006), and fibrinogen (β = 0.10, p = 0.02). Depression 

severity was not significantly associated with inflammation index, WBC, or fibrinogen 

(ps > 0.05), but was significantly associated with hsCRP (β = 0.09, p = 0.05), Finally, 

fully adjusted linear regressions were also repeated adjusting for comorbid medical disease 

severity score. The pattern of findings was similar; suppression, but not reappraisal was 

significantly associated with inflammatory index (β = 0.14, p = 0.001), hsCRP (β = 0.10, p = 

0.01), WBC (β = 0.11, p = 0.01), and fibrinogen (β = 0.10, p = 0.02).

4. Discussion

In this large cohort of trauma-exposed veterans, we found that expressive suppression, but 

not cognitive reappraisal, was associated with inflammation independent of PTSD. Greater 

use of suppression was associated with higher hsCRP, WBC, and fibrinogen. These findings 

demonstrate a relationship between two recognized risk factors for PTSD, maladaptive 

emotion regulation and systemic inflammation. Avoidance-related ER strategies have a 

stronger relationship with psychiatric illness than do approach-related strategies (Aldao et 

al., 2010) and the current study extends these findings to inflammatory markers.

Our hypothesis that expressive suppression would be significantly positively associated with 

inflammation was supported. In fully adjusted models, a one standard deviation increase 

in suppression was associated with a 14 % increase in inflammatory index and 10–11 % 

increases in hsCRP, WBC, and fibrinogen, respectively. This finding is in line with the 

only other study examining suppression and CRP (Appleton et al., 2016) and effect sizes in 

fully adjusted models, although modest, were similar suggesting emotional suppression is 

associated with systemic inflammation. Our findings also build on this foundational work by 

examining these relationships in a trauma-exposed sample of veterans, adjusting for PTSD, 

and demonstrating the relationship of specific ER strategies with other markers of systemic 

inflammation including WBC and fibrinogen.
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Our hypothesis that cognitive reappraisal would not be significantly associated with 

inflammation was supported. This finding is in contrast to the results reported by Appleton 

et al. (2016). This difference may at least be partially explained by differences in samples; 

they utilized a community-dwelling sample of civilians whereas the current sample was 

comprised of veterans exposed to a Criterion A trauma. However, Appelton and colleagues 

reported that unlike suppression, reappraisal was no longer significantly related to CRP after 

accounting for BMI. Similarly, we found suppression was no longer associated with hsCRP 

after adjusting for BMI, problematic drinking, smoking, physical activity, and poor sleep. 

These findings indicate that health behaviors may play a role in the relationship between ER 

and CRP. Longitudinal analyses will be needed to test this hypothesis.

Collectively, the current findings suggest that for trauma-exposed individuals, greater use 

of maladaptive emotion regulation (ER) strategies is associated with elevated inflammation. 

This finding is above and beyond the effects of PTSD, thus maladaptive ER use is associated 

with inflammation even after accounting for negative affect. In contrast, greater use of 

adaptive ER strategies is not associated with lower inflammation, suggesting their use may 

not confer a protective effect. This pattern is consistent with research showing stronger 

associations between maladaptive ER strategies and psychopathology than adaptive ER 

(Aldao et al., 2010), between social strain and inflammation than social support (Yang et al., 

2015), and between pessimism and inflammation than optimism (O’Donovan et al., 2009). 

These findings highlight the potency of negative intrapersonal and interpersonal regulation 

processes on the mind and body (Hofmann, 2014).

Suppression, although directed at outward emotional expression, causes a rebound effect 

leading to both increased PTSD symptoms and greater SNS activation (e.g., Gross and 

Levenson, 1997). Continued over-reliance on suppression may thus perpetuate inflammation 

and allostatic load through stress-induced SNS activation (Crowell et al., 2015; Vumma 

et al., 2017). In turn, elevated inflammation may influence functioning of both the brain 

and peripheral bodily systems via a cascade of effects on neurotransmitter metabolism, 

neuroendocrine function, catecholamines, and parasympathetic outflow pathways (Elenkov 

et al., 2000; Michopoulos et al., 2017; Miller et al., 2009).

Suppression is also associated with significant psychosocial costs. Specifically, suppression 

is associated with a stronger sense of inauthenticity, greater disruptions to social 

relationships, fewer social supports, and less interpersonal closeness (e.g., Butler et al., 

2003; Gross and John, 2003). These psychosocial consequences of suppression may 

also promote inflammation either through increases in perceived stress and its biological 

byproducts or through the removal or absence of protective factors that can serve as a buffer 

(e.g., Cole et al., 2015). Although longitudinal research is needed, targeting over-reliance 

on suppression and other avoidance-related strategies to regulate negative emotions may 

help prevent acute inflammatory states following trauma from becoming chronic. It will be 

critical for future research to determine if maladaptive emotion regulation and inflammation 

are sequential or concurrent, perhaps transactional, mediators of PTSD and other trauma 

sequelae.
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5. Limitations

Although the current study has several strengths including a large sample size, the use 

of a structured interview to determine PTSD diagnosis and criterion A trauma exposure, 

adjustment for numerous covariates, and incorporation of multiple sensitivity analyses, 

several important limitations should be noted. First, the current study utilized a cross­

sectional design and therefore causality cannot be inferred between inflammation and ER 

strategy. Second, ER, sleep, problematic drinking, and physical activity were assessed using 

a self-report measure, which may be susceptible to biases. ER strategy use was also limited 

to just two strategies, which precluded investigating other important strategies such as 

rumination and acceptance. Similarly, only three inflammatory markers were assessed, all of 

which were peripheral. Future research should examine how ER is related to the numerous 

other mediators involved in systemic inflammation including such as tumor necrosis factor-

α. Because this study began in 2008, PTSD was also assessed based on DSM-IV criteria and 

therefore the current findings may differ when using DSM-5 criteria for PTSD.

Additionally, the current sample was comprised entirely of VHA patients, limiting the 

generalizability to other military personnel. Also, the majority of the sample identified as 

male and White, limiting the generalizability of the current findings to women and racial/

ethnic minorities. Although the current sample did include a small sample of women, we 

had insufficient power to explore gender differences. Future research investigating how 

gender impacts associations between different ER strategies and inflammation is important, 

given variations in hormonal functioning, trauma exposure, and socialization. Finally, this 

study focused on PTSD and thus psychiatric comorbidities other than PTSD and depression 

were not adjusted for and may have influenced inflammation levels. Further, our pattern of 

findings remained the same when adjusting for comorbid medical disease severity. However, 

these health conditions were gathered via self-report and therefore the exact influence of 

emotion regulation in the context of chronic medical conditions remains unclear.

6. Conclusions

Emotional suppression has deleterious effects on psychological and social functioning. In 

a large cohort of trauma-exposed veterans, suppression was associated with elevations in 

systemic inflammation beyond the effects of PTSD. However, cognitive reappraisal was 

not related to any marker of systemic inflammation, suggesting it may not serve as a 

protective factor in decreasing pro-inflammatory states. Maladaptive ER strategies may thus 

have a stronger effect on systemic inflammation than adaptive strategies. Future research is 

needed to better understand the complex, dynamic relationship between psychological and 

biological risk factors for disease development and course following trauma exposure.
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Table 1

Demographic, military, psychological, and biological variables by PTSD group.

Variable Whole Sample (N = 606) Current PTSD (N = 246) No Current PTSD (N = 360) Statistic (t, χ2)

N (%) or Mean (SD)

Age M(SD) 58.01 (11.17) 58.04 (10.16) 58.00 (11.82) −0.05

Range 24–88 24–85 26–88

Missing 2 (.00 %) 0 (0%) 2 (.01 %)

Gender 8.56**

Male 568 (93.7 %) 222 (90.2 %) 346 (96.1 %)

Female 38 (6.3 %) 24 (9.8 %) 14 (3.9 %)

Race 8.23

White/Caucasian 357 (58.9 %) 148 (60.2 %) 209 (58.1 %)

Black/AA 131 (21.6 %) 50 (20.3 %) 81 (22.5 %)

Latinx 48 (8.1 %) 18 (7.3 %) 31 (8.6 %)

Asian/PI 43 (7.1 %) 14 (5.7 %) 29 (8.1 %)

Other 17 (2.8 %) 12 (4.9 %) 5 (1.4 %)

Missing 9 (1.5 %) 4 (1.6 %) 5 (1.4 %)

Ethnicity 0.80

Hispanic/Latinx 57 (9.4 %) 20 (8.1 %) 37 (10.3 %)

Non-Hispanic 541 (89.3 %) 223 (90.7 %) 318 (88.3 %)

Missing 8 (1.3 %) 3 (1.2 %) 5 (1.4 %)

Marital status 8.77

Married 224 (37.0 %) 96 (39.0 %) 128 (35.6 %)

Never married 160 (26.4 %) 51 (20.7 %) 109 (30.3 %)

Divorced 175 (28.9 %) 74 (30.1 %) 101 (28.1 %)

Widowed 21 (3.5 %) 11 (4.5 %) 10 (2.8 %)

Separated 24 (4.0 %) 13 (5.3 %) 11 (3.1 %)

Missing 2 (0.3 %) 1 (0.4 %) 1 (0.3 %)

Education 8.51

<HS diploma 22 (3.6 %) 11 (4.5 %) 11 (3.1 %)

HS diploma 108 (17.8 %) 52 (21.1 %) 56 (15.6 %)

Some college 298 (49.2 %) 11 (45.5 %) 186 (51.7 %)

College Degree 102 (16.8 %) 43 (17.5 %) 59 (16.4 %)

Graduate Degree 75 (12.4 %) 28 (11.4 %) 47 (13.1 %)

Missing 1 (0.2 %) 0 (0%) 1 (0.3 %)

Income <$20,000 189 (31.2 %) 70 (28.5 %) 119 (33.1 %) 1.53

Missing 4 (0.7 %) 1 (0.4 %) 3 (0.8 %)

Paid Employment 180 (29.7 %) 57 (23.2 %) 123 (34.25 %) 8.59**

Missing 1 (0.2 %) 0 (0%) 1 (0.3 %)

Service branch 6.09

Air force 56 (9.2 %) 17 (6.9 %) 39 (10.8 %)
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Variable Whole Sample (N = 606) Current PTSD (N = 246) No Current PTSD (N = 360) Statistic (t, χ2)

Army 277 (45.7 %) 116 (47.2 %) 161 (44.7 %)

Marines 74 (12.2 %) 36 (14.6 %) 38 (10.6 %)

Navy 102 (16.8 %) 36 (14.6 %) 66 (18.3 %)

Coast guard 6 (1.0 %) 2 (0.8 %) 4 (1.1 %)

Multiple 17 (2.8 %) 6 (2.4 %) 11 (3.1 %)

Missing 74 (12.2 %) 33 (13.4 %) 41 (11.4 %)

Era Served 8.46

World War II 14 (2.3 %) 3 (1.2 %) 11 (3.1 %)

Korea 20 (3.3 %) 7 (2.8 %) 13 (3.6 %)

Vietnam 313 (51.7 %) 151 (61.4 %) 162 (45.0 %)

Gulf 35 (5.8 %) 14 (5.7 %) 21 (5.8 %)

OEF/OIF 24 (4.0 %) 8 (3.3 %) 16 (4.4 %)

Multiple/Other 22 (3.6 %) 7 (2.8 %) 15 (4.2 %)

Missing 178 (29.4 %) 56 (22.8 %) 122 (33.9 %)

Physically Active 422 (69.6 %) 148 (60.2 %) 271 (76.1 %) 17.58**

Current smoking 155 (25.6 %) 62 (25.2 %) 93 (25.8 %) 0.03

Poor Sleep 252 (41.6 %) 149 (60.6 %) 103 (28.6 %) 61.44**

Problematic Drinking 240 (39.6 %) 87 (36.6 %) 153 (43.7 %) 3.01

CAPS Severity Score 32.77 (31.72) 66.58 (18.89) 9.67 (11.57)

PHQ-9 Score 7.60 (6.02) 11.26 (5.84) 5.09 (4.72) −13.78**

ERQ

Suppression 12.16 (3.21) 13.12 (3.22) 11.50 (3.04) −6.29**

Reappraisal 21.25 (4.27) 21.09 (4.73) 21.26 (3.93) 0.74

BMI (kg/m2) 29.27 (5.62) 30.25 (5.94) 28.59 (5.30) −3.59**

Creatinine 1.04 (0.42) 1.08 (0.54) 1.01 (0.31) −2.11*

Disease Severity Index 1.11 (1.08) 1.33 (1.11) 0.96 (1.03) −4.13**

Range 0–6.00 0–5.00 0–6.00

hsCRP (mg/L) 2.83 (5.27) 2.78 (3.39) 2.86 (6.26) −2.00*

Range 0.16–88.00 0.16–22.70 0.16–88.00

WBC (×109/L) 6.54 (2.03) 6.82 (2.22) 6.35 (1.86) −2.65**

Range 2.40–18.20 3.10–18.20 2.40–14.30

Fibrinogen (mg/dL) 336.79 (71.89) 344.60 (71.43) 331.46 (71.82) −2.33*

Range 91–761 178–653 91–761

Inflammatory Index 0.08 (2.26) 0.43 (2.20) −0.15 (2.27) −3.09**

Note.

*
p ≤ .05

**
p ≤ .01.

Chi-square (χ2 statistics) and independent t-tests are presented for categorical and continuous variables, respectively. PTSD status based on 
Clinician Administered PTSD Scale-IV criteria. AA = African American. PI = Pacific Islander. Physically Active = dichotomized (active, inactive) 
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self-report of current physical activity level. Current smoking = dichotomized self-report current tobacco smoker. Poor Sleep = dichotomized past 
month overall sleep quality item from Pittsburgh Sleep Quality Index. Problematic Drinking = dichotomized threshold criteria from Alcohol Use 
Disorders Identification Test-Consumption. CAPS = Clinician Administered PTSD Scale past month total severity score. PHQ-9 Total Score = 
Patient Health Questionnaire total depression severity score. ERQ = Emotion Regulation Questionnaire. BMI = Body Mass Index calculated as 
participant weight divided by the square of height. Inflammatory biomarkers are raw data, but the p-values are based on log-transformed data. 
Disease Severity Index = Severity score of summed counts across medical disease endorsement categories. HsCRP = high sensitivity C-reactive 
protein. WBC = white blood cell count. Inflammatory Index = sum of z-scored log-transformed inflammatory markers.
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