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ARTICLE INFO ABSTRACT

Keywords: Objective: C-reactive protein (CRP), a marker of systemic inflammation, has been associated with psychiatric dis-
Trauma orders including major depressive disorder (MDD) and post-traumatic stress disorder (PTSD). Some research
PMT[S)B suggests that exposure to trauma can trigger increased activity in the inflammatory system. Dissociation is asso-

IS ciated with chronic trauma exposure and may be an important factor in understanding the risk for psychiatric
Dissociation . - . . Lo
CRP outcomes associated with inflammation. The main objective of the current study was to understand how CRP
was related to trauma, dissociation, PTSD and MDD in a sample of 55 traumatized African American women
with type 2 diabetes mellitus recruited from an urban hospital.
Method: High sensitivity CRP (hsCRP) was assayed through blood samples; psychiatric disorders were assessed
with structured clinical interviews, dissociation was assessed with the Multiscale Dissociation Inventory, and ex-
posure to trauma in childhood and adulthood was assessed with the Childhood Trauma Questionnaire and the
Traumatic Events Inventory, respectively.
Results: Correlational results showed a significant association between higher concentrations of hsCRP and child
abuse (p <0.05), overall dissociation severity (p < 0.001), and PTSD symptoms (p < 0.01). ANOVA results showed
significantly higher levels of hsCRP in those with current MDD, current PTSD, and remitted PTSD. A hierarchical
linear regression model demonstrated a significant association between dissociation symptoms and greater
hsCRP levels independent of childhood abuse, PTSD, and MDD (R?A = 0.11, p = 0.001) and independent of emo-
tion dysregulation (p < 0.05).
Conclusion: These findings suggest that dissociation symptoms among those with a history of trauma may be par-
ticularly associated with higher levels of inflammation.
© 2019 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Psychiatric disorders such as major depressive disorder (MDD) and
posttraumatic stress disorder (PTSD) have been associated with physical
diseases that are characterized by heightened systemic inflammation, in-
cluding diabetes [1] and cardiovascular disease [2,3]. A growing body of re-
search suggests that systemic inflammation may be an important
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contributor to the co-morbidity between these psychiatric and physical dis-
orders, particularly in the context of psychological stress or trauma [4-6]. C-
reactive protein (CRP) is a marker of systemic inflammation and many
studies have shown positive associations with MDD (e.g., [4,7-9] and
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PTSD [10-12]). However, some studies with PTSD and CRP have been
equivocal [13,14]. Increased understanding of psychological factors that re-
late to changes in inflammatory activity may further clarify the relationship
between psychiatric disorders and physical health problems.

One such factor is dissociation, particularly in the context of chronic
trauma exposure [15]. Dissociation is characterized by disruptions in
memory, identity, and perception of self and the environment [16,17];
generalized dissociation refers to dissociation not directly associated
with trauma-related reminders alone and may represent more severe
dissociative tendencies that are pervasive across contexts. Generalized
dissociation is associated with both PTSD and MDD and may be predic-
tive of more severe PTSD and MDD symptoms [18,19]. This tendency to-
ward dissociation could indicate an effort to manage emotional distress
[17], and can be seen as a maladaptive emotion regulation strategy often
outside the control of the individual. In fact, recent research into disso-
ciative symptoms of PTSD has provided rationale for the addition of a
distinct dissociative subtype of PTSD to the diagnostic criteria in the Di-
agnostic and Statistical Manual of Mental Disorders, Version 5 [20,21].
Importantly, the DSM-5 dissociative subtype of PTSD only includes de-
personalization and derealization, providing a narrow definition of dis-
sociation that may not fully capture the construct of dissociation.

Exposure to severe trauma in childhood is associated with dissocia-
tion (e.g., [22,23]) and evidence suggests that the timing of trauma
uniquely impacts symptoms of PTSD, depression, and dissociation, con-
sistent with the notion of stress-sensitive periods in brain development
in children [24,25]. This phenomenon may also affect systemic inflam-
matory activity. Research indicates that inflammation may mediate
the link between early life stress and psychiatric and physical disorders
in adulthood [26-28], potentially through dysregulation of the HPA axis
which modulates inflammatory activity and is in turn modulated by in-
flammatory processes [7,29]. Prior research in our lab has provided ini-
tial data indicating that emotion dysregulation is related to higher levels
of inflammation among traumatized African American women with
type 2 diabetes mellitus (T2DM; [30]). However, the relationship be-
tween dissociation and inflammation beyond emotion dysregulation
more generally has yet to be tested.

While strong evidence exists for the relationship between child
abuse and both dissociation and inflammation, there remains a paucity
of literature exploring the relationship directly between dissociation
and inflammation. Such investigations could enhance our understand-
ing of how trauma exposure, dissociation, and psychiatric disorders
are differentially associated with inflammation, particularly in the con-
text of chronic and early life trauma exposure. Importantly, the few pre-
vious studies that examined both current and remitted PTSD in relation
to inflammation had equivocal findings [31-33]. Since causal pathways
are not yet fully understood, such examination is also essential in our ef-
fort to further illuminate these complex associations.

The present study aims to fill these gaps in research by examining
the relationship between childhood abuse, other lifetime trauma expo-
sure, dissociative symptoms, MDD, remitted and current PTSD, and CRP
levels in a sample of urban dwelling African American women with high
rates of trauma exposure and T2DM. This population is particularly rel-
evant for this research question because urban minority women are
particularly vulnerable to high levels of interpersonal trauma exposure
early in life and show higher rates of PTSD and MDD than the general
population (e.g.[34,35]), making them a helpful group for the examina-
tion of dissociation. Additionally, since longitudinal studies have shown
that elevated circulating concentrations of CRP increases risk for the de-
velopment of T2DM [36,37], better understanding of psychological fac-
tors associated with increased inflammation levels in individuals with
T2DM could be helpful in efforts to improve treatments in this at risk
and underserved group of women.

The main objectives of this study were to 1) identify how current
MDD and both current and remitted PTSD symptoms and diagnoses
were related to inflammation and 2) determine whether dissociation
was related to inflammation independent of the effects of trauma and

current psychiatric symptoms (depression and PTSD symptom sever-
ity). Based on previous findings in this sample [30], we hypothesized
that current depression but not current PTSD would be associated
with higher CRP levels; note that remitted PTSD diagnosis was also in-
cluded for exploratory purposes due to the equivocal nature of research
on PTSD in relation to inflammation. We also hypothesized that dissoci-
ation would be associated with higher concentrations of CRP indepen-
dent of the effects of trauma exposure and current psychiatric
diagnoses. Because prior research in this sample has shown a strong ef-
fect of emotion dysregulation on inflammation levels [30], we also in-
cluded emotion dysregulation as a variable of interest in analyses to
evaluate whether the relationship between dissociation and inflamma-
tion may hold independent of general emotion dysregulation. Dissocia-
tion can, at least in part, be understood as a maladaptive form of
emotion regulation [30], and so although they are distinct constructs,
there may be important overlap in how they relate to concentrations
of CRP. In addition, we also felt it was important to establish the rela-
tionship between dissociation and both trauma and psychiatric disor-
ders in this specialized sample. We hypothesized that dissociation
severity would be elevated in those with current MDD and PTSD and
would be associated with child abuse exposure.

2. Methods
2.1. Procedure

Participants were drawn from a study of risk factors for the develop-
ment of PTSD in a low socioeconomic, urban minority population. Par-
ticipants were recruited from waiting rooms in the diabetic,
gynecology, and primary care medical clinics at a publically funded hos-
pital in Atlanta, Georgia. We did not narrow recruitment to specific
criteria, but approached any individual in the waiting room. To be eligi-
ble for participation, participants had to be between the ages of 18 and
65 and able to give informed consent (see [34] for full details regarding
study procedures). The investigation was carried out in accordance with
the latest version of the Declaration of Helsinki and informed consent of
the participants was obtained after the nature of the procedures had
been fully explained. After signing the informed consent approved by
the Emory Institutional Review Board and the Research Oversight Com-
mittee of Grady Memorial Hospital, an interview was administered with
questionnaires regarding trauma history and psychological variables.
Trained research assistants administered this interview (approximately
45-75 min). A subgroup of female participants with T2DM was chosen
for a separate associated study. These women returned to participate in
structured clinical interviews and phlebotomy. Exclusion criteria in-
cluded current bipolar or psychotic disorder, autoimmune disorder, sys-
temic treatment with a non-steroidal anti-inflammatory drug,
glucocorticoid, or anticonvulsant drug (other than gabapentin), and
current treatment with an antipsychotic or benzodiazepine. On the
morning of the interview, height and weight were measured for calcu-
lation of body mass index (BMI) and fasting blood samples were col-
lected for later batch assessment of CRP concentrations
(approximately 2 weeks post-initial assessment). A subsample of the
women recruited for this study (n = 40) were included in a previous
study examining the relationship between emotion dysregulation and
hsCRP levels [30].

2.2. Participants

The current study included 55 type 2 diabetic African American
women with a mean age of 50.89 years (SD = 8.86 years, Range =
28-65). Education levels were as follows: 16.4% reported less than
high school education, 31.0% reported having a high school diploma or
GED, 36.4% reported having some college or technical school education,
and 16.2% reported graduating from technical school or college. Only
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27.3% of participants were employed and 77.8% had a household
monthly income of $1999 or less.

2.3. Psychological measures

Traumatic Events Inventory (TEI). The TEl is a 14-item screening in-
strument for lifetime history of traumatic events [34]; total level of
trauma exposure was measured by a sum score reflecting the total num-
ber of different types of events that an individual experienced or
witnessed in their lifetime (excluding child abuse). Childhood Trauma
Questionnaire (CTQ). The CTQ [38] is a 25-item, reliable and valid
self-report instrument assessing sexual, physical, emotional abuse, and
neglect in childhood (o = 0.92 in current study). A continuous measure
of overall severity of childhood abuse exposure was calculated and used
as the measure of child abuse severity. Multiscale Dissociation Inven-
tory (MDI). The MDI is a 30-item validated self-report measure of disso-
ciative symptomatology in the previous month [39] and measures six
different types of dissociative response: disengagement, depersonaliza-
tion, derealization, emotional constriction, memory disturbance, and
identity dissociation. The internal consistency of the MDI total scale
was high (o = 0.91). For the present study, we used an overall measure
of dissociative symptoms as well as sums of the six dimensions of disso-
ciation. Clinician-Administered PTSD Scale (CAPS). The CAPS is an
interviewer-administered psychometrically validated diagnostic instru-
ment measuring PTSD [40,41]. Interrater reliability (IRR) within this
sample has been examined previously and showed good IRR for current
diagnosis of PTSD (k = 0.83; [42]). The CAPS assesses current PTSD and
was used to determine presence/absence of a PTSD diagnosis based on
DSM criteria. Both CAPS for DSM-IV (CAPS-1V) and DSM-5 (CAPS-5)
were used in the present study due to switching when CAPS-5 was re-
leased; Thirty-four percent (n = 19) received the CAPS for DSM-IV
and 66% received the CAPS-5. All DSM-IV diagnostic criteria were still
asked to participants using the CAPS-5 and thus we could identify
whether participants would meet for DSM-IV-TR PTSD criteria.! A sum
of PTSD symptoms based on the CAPS items was used as the measure
of PTSD symptom severity. In order to combine CAPS-IV and CAPS-5 se-
verity scores together, all scores were weighted to balance the number
of items (17 for CAPS-IV and 20 for CAPS-5) and factor in that scoring of
frequency and intensity was separate in the CAPS-IV but combined in
the CAPS-5. MINI International Neuropsychiatric Interview (MINI).
The MINI [43] is a reliable and well-validated structured diagnostic in-
terview that assesses mood, anxiety, substance use, and psychotic disor-
ders based on DSM-IV-TR criteria. For the present study, only the
current MDD and lifetime PTSD sections were used to assess presence/
absence of current MDD and presence of lifetime PTSD to determine
participants with remitted PTSD. Beck Depression Inventory-II (BDI-
II). The BDI-II [44] is a widely used, 21-item self-report measurement
of current depressive symptoms. Multiple studies have shown good re-
liability and validity for the BDI-II [44,63]. Internal consistency of the
BDI scale was high (o = 0.93). The BDI was summed to indicate current
depression symptom severity in study analyses.

2.4. Biological measures

Body Mass Index (BMI). Calculated as: BMI = body mass (kg)/
(height (m))? based on measurements obtained during the history
and physical conducted by a physician or physician in training prior to
blood draw on day of clinical interview. High Sensitivity CRP. Serum
samples were stored at —80 °C until the time of high sensitivity CRP
(hsCRP) assay. Serum hsCRP concentrations were determined using an

1 All but 3 participants who met criteria for PTSD based on DSM-5 criteria also met for
DSM-IV criteria. Main analyses were re-run with those 3 participants classified as remitted
PTSD and no changes to the results were found. Therefore, we included them in the group
under current PTSD.

immunoturbidometric assay from Sekisui Diagnostics (Lexington,
Mass.) on the Beckman AU480 chemistry analyzer, with an interassay
coefficient of variation (CV) of 5.2% and an intraassay CV of 3.1%. Indi-
viduals with circulating concentrations of hsCRP > 20 mg/L were ex-
cluded from analysis because hsCRP > 20 mg/L suggests the presence
of an active infection or other illness that could seriously confound
study findings.? Glucose. Plasma samples of glucose were stored at
—80 °C until the time of assay. Glucose is measured by enzymatic
methods on the Beckman AU480 using reagents from Beckman Coulter
(Fullerton, CA). Average glucose level for this sample was 151.35 mg/dL
(SD = 72.61, range = 63-518.00 mg/dL). Hemoglobin A1c (HbA1c).
Whole blood samples were stored at —80 °C until the time of assay.
HbA1c was measured using high performance liquid chromatography
by ARUP laboratories (Salt Lake City, Utah). Average HbA1c for this sam-
ple was 7.83 (SD = 2.04, range = 4.90-16.00).

2.5. Data analysis

The overall analytic approach was to examine the associations be-
tween trauma exposure, PTSD and MDD symptoms and diagnoses,
and dissociative symptoms in this sample, as well as the predictive util-
ity of dissociative symptoms on hsCRP concentrations independent of
trauma, PTSD, and MDD. Because emotion dysregulation is a construct
closely aligned with dissociation and has previously been found to be
associated with concentrations of hsCRP in a subsample of these
women [30], we also included emotion dysregulation as a variable of in-
terest in all analyses. We first examined the distributions of key predic-
tor variables. Concentrations of hsCRP and dissociation variables were
positively skewed. However, the level of skewness (Range: 0.79-1.37)
and kurtosis (Range: 0.63-1.61) in this sample fell within acceptable
parameters for the sample size on these variables [45].> Descriptive sta-
tistics of the variables of interest were computed (Table 1). Differences
in dissociation and CRP were examined by both current MDD and PTSD
diagnosis (remitted and current) using analysis of variance. For contin-
uous variables of interest, bivariate correlations were also computed to
determine associations with dissociation and with hsCRP in this sample.
Then, based on the results of the correlational analyses and analysis of
variance results, a hierarchical linear regression model was fit to exam-
ine the unique predictive value of dissociation on hsCRP independent of
other variables of interest. Potential covariates for regression analysis
were first identified based on previous research suggesting associations
with circulating concentrations of hsCRP: age, income, BMI, hemoglobin
Alc, and baseline blood glucose level [8,9,46,47]. Due to the small sam-
ple size and risk for low power in detecting significant effects, associa-
tions between hsCRP and these potential covariates were assessed to
determine if their inclusion was warranted. No significant associations
emerged between any of the variables and hsCRP except for BMI (r =
0.46, p < 0.001) and therefore only BMI was included as a covariate in
the regression analysis. All analyses were conducted with SPSS 23.0 soft-
ware package.

3. Results

To determine the extent of association between dissociation
with our other variables of interest (trauma exposure, emotion
dysregulation, depression symptom severity, and PTSD symptom
severity), we first calculated Pearson correlation coefficients. Dis-
sociation symptom severity was positively correlated with emotion
dysregulation (r = 0.63, p < 0.001), depression symptom severity
(r = 0.66, p < 0.001), and PTSD symptom severity (r = 0.56, p <

2 Four individuals were excluded from analyses (hsCRP ranging from 21.97 to 61.69).

3 MDI total had one outlier which affected the level of kurtosis and was >3 SDs above
the mean and therefore data from that participant was removed from analyses (MDI
score = 100).
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Table 1
Descriptive characteristics of variables of interest.

Mean (SD, range)

44,83 (11.61; 30-82)
9.54 (3.28; 5-17)
594 (1.63; 5-11)
8.01 (3.14; 5-15)
7.96 (2.91; 5-15)
7.54 (2.77; 5-19)
581 (1.90; 5-13)

37.69 (15.59; 25-100)
474 (2.34;1-12)

70.1 (19.49; 38-120)

Dissociation symptoms

Disengagement

Depersonalization

Derealization

Emotional constriction

Memory disturbance

Identity dissociation

Child abuse severity

Overall trauma load (excluding child abuse)
Emotion dysregulation total

PTSD symptom severity 16.32 (11.35; 0-41)
Depression symptom severity 15.13 (10.38; 0-38)
hsCRP 4.49 (4.06; 0.15-18.06)

Body mass index 36.43 (6.80; 20.95-54.15)

% (N)
Current MDD 27.3 (15)
Current PTSD 32.7 (18)?
Remitted PTSD 29.0 (16)

N = 55; Note: trauma load was measured using the TEI; child abuse severity was mea-
sured using the CTQ; emotion dysregulation was measured using the DERS; current
PTSD diagnosis and symptom severity were measured using the CAPS; current depressive
episode was measured using the MINI; current depression symptom severity was mea-
sured using the BDI.

2 The majority of women with current PTSD had comorbid MDD (18.2% of overall
sample, n = 10).

0.001) all surviving Bonferroni correction for multiple
comparisons?; the association between dissociation and child
abuse severity trended toward significance (r = 0.26, p = 0.060),
but dissociation was not associated with other trauma exposure
(r = 0.14). Next, one-way ANOVA tests were run examining mean
differences in dissociation symptoms with current MDD and PTSD
diagnosis (none, current, and remitted). As shown in Fig. 1A, results
showed a significant main effect of current MDD on higher dissocia-
tion symptoms (F = 22.33, p<0.001) as well as a main effect of PTSD
diagnosis on dissociation symptoms (F = 5.47, p = 0.007). Planned
pair-wise comparison tests showed that participants with no history
of PTSD reported significantly lower dissociation symptoms than
current PTSD (p = 0.002); no other group differences were signifi-
cant (Fig. 1A).

3.1. Associations between hsCRP concentrations and independent variables
of interest

Next, associations between independent variables of interest and
hsCRP were examined using Pearson correlation analyses. As shown in
Table 2, hsCRP was significantly positive correlated with dissociation
symptoms (total score and all six dimensions measured; all p's < 0.05;
all survived Bonferroni correction except for emotional constriction),
child abuse severity (p < 0.05), emotion dysregulation (p < 0.01), de-
pression symptom severity (p < 0.001), and PTSD symptom severity
(p<0.01).

One-way ANOVA tests were then used to examine mean differences
in hsCRP by current MDD and PTSD diagnosis. As shown in Fig. 1B, re-
sults showed a significant main effect of current MDD on hsCRP concen-
trations (F = 18.40, p < 0.001). For PTSD diagnosis, ANOVA results also
showed a significant main effect of PTSD diagnosis on hsCRP concentra-
tions (F = 5.66, p = 0.006). Planned pair-wise comparison tests showed
that participants with no history of PTSD had significantly lower levels
of hsCRP concentrations than either current or remitted PTSD groups

4 Twenty primary analyses were conducted resulting in a Bonferroni correction value of
p <0.003.

(p = 0.003 and p = 0.016, respectively); there were no significant dif-
ferences found between current PTSD and remitted PTSD groups (see
Fig. 1B).

Next, a hierarchical linear regression model was run to test the dif-
ferential associations of current PTSD symptom severity, current de-
pression severity, child abuse severity, emotion dysregulation, and
dissociation with hsCRP concentrations. Step 1 included BMI, child
abuse severity, depression symptom severity, and PTSD symptom se-
verity. Step 2 included BMI, child abuse severity, depression symptom
severity, PTSD symptom severity, and dissociation symptoms. Finally,
Step 3 was run including BMI, child abuse severity, depression symptom
severity, PTSD symptom severity, dissociation symptoms, and emotion
dysregulation. As shown in Table 3, Step 1 was significant (p < 0.001),
showing that higher BMI (p < 0.001) and higher levels of current de-
pression symptoms (p < 0.01) were significantly related to higher
hsCRP concentrations, explaining 45% of unique variance in hsCRP con-
centrations. In Step 2, when dissociation symptoms were entered into
the regression model, dissociation symptoms were significantly predic-
tive of hsCRP (p = 0.001), surviving Bonferroni correction for multiple
comparisons and accounting for 11% of unique variance in predicting
higher hsCRP concentrations independent of BMI, child abuse severity,
and current psychiatric symptoms. Depression symptoms were no lon-
ger significantly associated with hsCRP concentrations in this step.
When emotion dysregulation was included in Step 3, dissociation
remained significantly predictive of hsCRP (p = 0.03), although the as-
sociation was attenuated to some extent. Emotion dysregulation was
not significantly predictive of hsCRP but trended toward significance
(p = 0.06), suggesting that high levels of emotion dysregulation may
help to explain some, but not all, of the association between dissociation
and hsCRP concentrations in the current sample.

4. Discussion

To our knowledge, this is the first study examining the relationship
between childhood abuse, lifetime exposure to trauma, dissociative
symptoms, trauma-related psychopathology, and hsCRP concentra-
tions. Prior studies have shown an association between childhood
trauma exposure and both dissociative symptoms [15,23] and inflam-
mation [26,27]. The current study expanded these findings by demon-
strating that general dissociation is also associated with higher
concentrations of CRP among African American women with T2DM
and high rates of previous trauma exposure. Examining these associa-
tions in a sample of women with T2DM is particularly critical since in-
flammation may present an independent risk of disability among
individuals with diabetes [48] and serves as a risk factor in the develop-
ment of other health conditions, such as cardiovascular disease [49,50].
This highlights the need to identify and address factors that may influ-
ence inflammation among those with T2DM to reduce the long term
consequences of the disease.

As hypothesized, we found a significant association between higher
levels of circulating concentrations of hsCRP and overall dissociation se-
verity, with dissociation accounting for 11% of unique variance in hsCRP
independent of child abuse severity, current PTSD and depressive symp-
toms, and BMI. Evidence supports dissociation as a multidimensional
construct, with various dimensions that are distinct, but overlapping
[16]. When examining across the different dimensions of dissociation,
after correction for multiple testing, this association between higher
concentrations of hsCRP and dissociation was present for five of the
six dissociation dimensions assessed, including disengagement, deper-
sonalization, derealization, memory disturbance, and identity dissocia-
tion. The only dimension not significantly associated with hsCRP was
emotional constriction, a dimension with significant overlap to emo-
tional numbing symptoms in PTSD. In support of previous findings in
the same sample [30], emotion dysregulation was also predictive of
hsCRP when included in the regression model, but dissociation still
remained significant. These findings suggest that although emotion
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Fig. 1. Mean differences in dissociation symptom severity (A) and hsCRP concentrations (B) between groups based on Depression and PTSD diagnoses. Asterisks denote significant

differnces between groups (p < 0.05).

dysregulation helps to explain the relationship between dissociation
and hsCRP to some extent, there is something unique about the link be-
tween dissociation and inflammation.

Dissociation may reflect a neural process whereby high activation in
brain regions involved in arousal modulation and emotional regulation
(prefrontal regions) inhibit activation in limbic regions [21], and there is
evidence that it is related to an inhibited autonomic response and re-
duced cortisol stress reactivity to stressful stimuli [51]. One explanation
for this association between dissociation and inflammation may be
through the impact of chronic trauma on the HPA axis and its regulation
of inflammatory processes. Chronic activation of the HPA axis may re-
sult in elevated glucocorticoid resistance that in turn impairs reduction
of stress-induced inflammation [52,53]. Exactly how the dysfunction de-
velops in the context of dissociation remains unclear, although a study
of peritraumatic dissociation in children suggests that polymorphisms
within FKBP5, the gene which codes for the glucocorticoid receptor-
regulating co-chaperone, may affect HPA axis reactivity in response to
stress associated with dissociation [54]. Glucocorticoid resistance may
lead to greater inflammation and both could be associated with

dissociation. Interestingly, although individuals with a dissociative re-
sponse to stress may show reduced physiological reactivity, subjectively
they often report higher levels of subjective distress than individuals
with low dissociation [55,56]. It is possible that disconnection between
the body's physiological response and subjective experience may also
represent a problem in naturally allowing an emotional response and
recovery to equilibrium following a stressor, thus leading to a more
long term detrimental impact on the body.

In examining the relationship among dissociation, trauma exposure,
and psychiatric symptoms in this specialized sample, our results sup-
port previous findings that dissociation symptom severity was signifi-
cantly positively correlated with emotion dysregulation, depression
symptoms, and PTSD symptom severity [17]. When examined across
current MDD and current and remitted PTSD diagnoses, significant dif-
ference in mean levels of dissociation symptoms was present for current
MDD and current PTSD (higher dissociation in those with psychiatric di-
agnoses). Contradictory to what we hypothesized, we did not see a
strong association between higher levels of dissociation and child
abuse severity or overall trauma load. It is unclear why this is the case,



38 A. Powers et al. /| Comprehensive Psychiatry 93 (2019) 33-40

Table 2

Bivariate Pearson's correlations (r) between variables of interest and

hsCRP.

hsCRP

Dissociation total 0.63™"
Disengagement 0.53""
Depersonalization 0.40™"
Derealization 0.54™"
Emotional constriction 030"
Memory disturbance 0.54™"
Identity dissociation 047"
Child abuse severity 0.33"
Other trauma exposure 0.20
Emotion dysregulation total 0.56"
PTSD symptom severity 0.38""
Depression symptom severity 0.55™"

Note: Dissociation symptom severity was measured using the MDI, child
abuse severity was measured using the CTQ, and trauma exposure was
measured using the TEI, Emotion dysregulation was measured using
the DERS, PTSD symptom severity was measured using the CAPS, and de-
pression symptom severity was measured using the BDI.
* p<0.05.

** p<0.01.

** p<0.001.

but it suggests that at least within this population of African American
women with T2DM, factors beyond child abuse severity or trauma
load itself may be important in the presence of dissociative symptoms
in adulthood. Prior research suggests that other factors beyond child
abuse exposure also contribute to the development of posttraumatic
dissociation, such as a history of interpersonal violence, insecure
parent-child attachment, and problematic emotion regulation [15].

Table 3

Hierarchical linear regression model predicting current hsCRP levels from current depres-
sion symptom severity, current PTSD symptoms, dissociation symptoms, and overall emo-
tion dysregulation symptoms independent of body mass index (BMI) and child abuse
severity.

B t p R RA F p change
change
Step 1 0.67 045 10.11 <0.001"""
BMI 040 3.61 0.001"
Child abuse severity ~ 0.02 0.17 0.87
Current depression 0.42 274 0.008"
symptom severity
Current PTSD 0.08 047 0.64
symptom severity
Step 2 075 011 1205 0.001"
BMI 0.34 335  0.002""

Child abuse severity  0.13 1.01 032
Current depression 0.18 1.13 0.26
symptom severity

Current PTSD —0.07 —047 064
symptom severity

Dissociation 047 347 0.001"

symptoms

Step 3 0.77 0.03 375 0.059
BMI 036 3.64 0.001"

Child abuse severity  0.07  0.58 0.57
Current depression 0.10  0.60 0.51
symptom severity

Current PTSD —0.01 —-0.04 097
symptom severity

Dissociation 033 223 003"
symptoms

Emotion 025 194 0.06

dysregulation

Note: Child abuse severity was measured using the CTQ; emotion dysregulation was mea-
sured using the DERS; current depressive symptoms were measured using the BDI and
PTSD symptoms were measured using the CAPS.
* p<0.05.
** p<001.
** p<0.001.

Our measure of child abuse also focused on any abuse prior to the age
of 18, and it is possible that timing of trauma exposure could play a
role in the development of dissociation as an emotion regulation strat-
egy, as prior work in our lab has shown that developmental timing of
trauma exposure does impact risk for depression and PTSD [57]. A key
conclusion from these findings is that dissociation may be an important
trans-diagnostic factor that cuts across trauma-related disorders in
chronically traumatized populations and that focusing on dissociation
only in the context of a current PTSD diagnosis may result in a lack of
identification of an important treatment target.

When mean differences in hsCRP were examined by current MDD
and current and remitted PTSD diagnoses, we found a significant main
effect of current MDD; there were significantly higher concentrations
of mean hsCRP levels in individuals with current MDD compared to
those without current MDD and this effect survived multiple test cor-
rection. This supports previous research showing a strong relationship
between MDD and inflammation [4,8,9]. Interestingly, our results also
showed a main effect of PTSD diagnosis; levels of hsCRP were higher
in women with both current PTSD and remitted PTSD compared to
those women without any PTSD diagnosis. We did not find a significant
difference in hsCRP concentrations between those with current and re-
mitted PTSD. Previous research examining levels of inflammatory
markers in individuals with and without PTSD have varied. While mul-
tiple other studies have found increased hsCRP levels in individuals with
current PTSD [9,11,14,30,58], studies examining inflammation in indi-
viduals with remitted PTSD report varying results. One study reports
lower inflammation in individuals with remitted PTSD compared to in-
dividuals with no history of PTSD [32] whereas other studies have found
that individuals with remitted PTSD had inflammation levels similar to
controls and much lower than those of individuals with current PTSD
[31,33]. Methodological differences in subject selection and diagnostic
classification between studies may be the driver of these inconsistent
results. Some data suggests that inflammation is increased in individ-
uals exposed to chronic traumatic stress [27,59], and our sample in-
cludes individuals with high levels of trauma exposure, often chronic
in nature, and so that may be reflected in observations of systemic in-
flammation in the individuals with a lifetime, or current, PTSD diagno-
sis. Additionally, group distribution is affected by the use of categorical
groups rather than continuous measures of PTSD symptoms. It is impor-
tant to note that many individuals do not achieve full remission of
symptoms even though they might not fulfill all diagnostic criteria for
current PTSD and so even our “remitted” women may exhibit symp-
toms. Interestingly, when examining current symptom severity and
hsCRP concentrations, it was depression symptoms that remained an
important predictor of hsCRP concentrations, not PTSD symptoms. The
clear and strong relationship between depression and inflammation
was reinforced by these results.

The current study has some limitations that should be kept in mind
when interpreting the results. First, the study was cross-sectional in na-
ture, which does not allow for the determination of causality. It is cer-
tainly possible that chronic inflammation leads to higher levels of
dissociation. However, our results showed an association between life-
time PTSD and current hsCRP levels and there is strong evidence that
dissociation patterns tend to develop early in life [22,23], thus
supporting the notion that dissociation may lead to chronic inflamma-
tion or that they may have an important bidirectional relationship.
However, examining the relationship between lifetime PTSD and cur-
rent hsCRP in this cross-sectional study also makes it difficult to deter-
mine causality. Future longitudinal research is needed to better
understand pathways of risk and how PTSD, dissociation, and inflam-
mation may influence each other over development within an environ-
ment where chronic trauma exposure is common. In addition,
dissociation was measured using a self-report questionnaire; partici-
pants needed to have insight into their dissociative symptoms in order
to report them. A lack of insight could have underestimated the severity
of dissociation within this group. We also did not measure current
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smoking status in our participants and therefore were unable to control
for the potential effects of smoking on hsCRP levels within this sample
despite prior evidence that smoking is related to elevated concentra-
tions of CRP [60]. The small sample size of this study means that we
may not have had enough power to detect small, yet clinically impor-
tant associations between the variables examined. Additionally, due to
the specificity of our sample, it is possible that the findings observed
here may be most generalizable to populations with similarly high
rates of trauma and comparable medical and demographic characteris-
tics. However, the potential limitation of generalizability is
counterbalanced by the public health importance of studying these var-
iables in an often under-researched and under-served population with
such high rates of trauma exposure and mental and physical health
problems. There are very limited mental health resources available for
individuals in this population, despite the strong need for treatment op-
tions given the high rates of trauma, trauma-related psychopathology,
and medical comorbidities, thus making it critical to understand under-
lying mechanisms of risk for the development or maintenance of psy-
chiatric and medical conditions in the context of trauma exposure.
Finally, it is also critical to acknowledge that this was an all-female sam-
ple and therefore it is possible that different outcomes would be ob-
served in men. In fact, there is evidence to suggest important sex
differences in mood and socioemotional response to inflammatory chal-
lenges [61,62], highlighting the value of understanding associations be-
tween these variables across sex.

5. Conclusions

Our findings indicate a significant association between generalized
dissociative symptoms, current MDD, and both current and remitted
PTSD with higher levels of hsCRP in a sample of traumatized, African
American women with T2DM. Dissociation appears important in
predicting inflammation levels independent of trauma, current psychi-
atric symptoms, or emotion dysregulation more generally, suggesting
that dissociation may be particularly detrimental on individual's health
and may represent an underlying mechanism that increases risk for
physical health problems in the context of significant trauma exposure.
These data indicate the need for more extensive research on dissocia-
tion in the context of inflammation and HPA dysfunction across varied
populations. Further, these findings highlight the potential need to ad-
dress dissociation more directly in the context of behavioral health
treatment, particularly among at risk populations with significant
trauma exposure and comorbid physical health problems.
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