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Abstract
Background Adverse Childhood Experiences (ACEs) 
such as sexual and physical violence, serious illness, and 
bereavement have been linked to number of chronic pain 
conditions in adulthood, and specifically to urologic 
chronic pelvic pain syndrome (UCPPS).
Purpose We sought to characterize the prevalence of ACEs 
in UCPPS using a large well-characterized cohort in com-
parison with a group of healthy controls. We also sought 
to determine the association of ACE severity with psycho-
logical factors known to impact pain and to determine 
whether ACEs are associated with patterns of improve-
ment or worsening of symptom over a year of naturalistic 
observation.
Methods For longitudinal analyses we used functional 
clusters identifying broad classes of (a) improved, (b) 
worsened, and (c) stable groups for genitourinary pain 
and urinary symptoms. We employed a mediation/path 
analysis framework to determine whether ACEs influ-
enced 1  year outcomes directly, or indirectly through 
worse perceptions of physical well-being.
Results ACE severity was elevated in UCPPS (n = 421) 
participants compared with healthy controls (n = 414; p 
< .001), and was most strongly associated with factors 
associated with complex chronic pain, including more 
diffuse pain, comorbid functional symptoms/syndromes, 
and worse perceived physical well-being (all p < .001). 
Finally, worse physical well-being mediated the rela-
tionship between ACE severity and less likelihood of 
painful symptom improvement (OR =  .871, p =  .007)) 
and a greater likelihood of painful symptom worsening 
(OR = 1.249, p = .003) at 1 year.
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Conclusions These results confirm the association 
between ACEs and UCPPS symptoms, and suggest 
potential targets for therapeutic interventions in UCPPS.
Clinical Trial registration NCT01098279.

Keywords Interstitial Cystitis/Painful Bladder Syndrome • 
Chronic Prostatitis with Chronic Pelvic Pain Syndrome • 
Psychological Trauma • Sexual Abuse

Introduction

For more than three decades, researchers have investigated 
the association between the presence of chronic pain con-
ditions and adverse childhood experiences (ACEs) such as 
sexual abuse, neglect, and family upheaval. The prepon-
derance of case-control studies supports a relationship 
between self-reported ACEs and chronic pain conditions, 
a relationship since confirmed through meta-analysis [1, 
2]. In addition to this evidence from retrospective designs, 
prospective analyses have found that ACEs are associated 
with a higher incidence of somatic and painful symptoms 
in adulthood [3, 4] though not all studies have confirmed 
this relationship [5]. Chronic pelvic pain in particular 
has been linked to multiple forms of ACEs [6–13]. For 
instance, a meta-analysis of case-control studies places 
the incidence of sexual abuse in pelvic pain at nearly three 
times that of control group [14].

A number of interleaving hypotheses have been 
advanced to explain the relationship between chronic pain 
and a history of ACEs, largely focusing on the concepts 
of biological embedding [15] in early life and the psycho-
logical sequelae of trauma. Biological embedding sug-
gests that developmental trajectories change in response 
to trauma, perhaps by promoting a pro-inflammatory 
phenotype [16, 17]. ACEs have been consistently linked 
with increased levels of negative emotionality in adult-
hood [18, 19] and negative emotionality has been inde-
pendently associated with painful symptoms and chronic 
pain conditions [20–28]. Concepts like pain catastrophiz-
ing and increased levels of perceived stress may be indic-
ative of a stress reactive phenotype in chronic pain [29]. 
Similarly, the burden of somatic symptoms has been pre-
viously linked to greater pain sensitivity independently 
of depressive and anxious symptoms [30]. However, the 
vast majority of studies have considered the relationship 
between ACEs and chronic pain in a relatively static man-
ner, and have not considered the broad range of potential 
associations between psychological and physical con-
structs and ACEs in the context of chronic pelvic pain.

The Multidisciplinary Approach to the Study of 
Chronic Pelvic Pain (MAPP) Research Network is a mul-
ti-center study designed to provide information of symp-
tomology and mechanisms of Urologic Chronic Pelvic 
Pain Syndrome (UCPPS) through deep phenotyping of 

patients [31, 32]. UCPPS is characterized by painful symp-
toms in the bladder or pelvic region (e.g., pain as the blad-
der fills) and urinary symptoms relating to a frequent or 
urgent need to urinate and/or getting up to urinate at night 
(e.g., needing to urinate less than 2 h after last urination) 
[33]. Recent investigations through the MAPP Network 
have examined longitudinal symptom patterns and uncov-
ered novel risk factors for improvement and worsening of 
painful and urinary symptoms 1  year after study entry 
[34]. Specifically, a worse perception of physical well-be-
ing was associated with less favorable medium-term out-
comes for UCPPS pain [34]. Perceived physical well-being 
is a composite measure of several aspects of perceived 
physical health including limitations in physical func-
tioning, limitations in physical roles in work, interference 
and severity of bodily pain, energy or vitality, and gen-
eral health [35]. The measure is related to both objective 
measures of physical fitness [36] and affective/cognitive 
processes [37]. The perception of physical well-being may 
have particular importance in the context of chronic pain, 
because worse perceived physical health is associated with 
less engagement in preventative health-related behav-
iors [38]. However, it is not yet known how a history of 
ACE relates to medium-term (i.e., 1  year) likelihood of 
improvement or worsening. Because UCPPS symptoms 
tend to be persistent [39, 40], any factors related to short- 
and medium-term change are important to understand 
for planning treatments and determining necessary win-
dows of observation to determine treatment effectiveness.

The aim of this study is to determine how self-reported 
ACE severity is associated with painful and urinary symp-
toms in UCPPS, comorbid factors relating to physical and 
psychological health, including a variety of measures of 
negative mood and stress, somatic/functional symptoms, 
and the likelihood of symptom improvement/worsening 
at 1 year. We hypothesized that ACE severity is associated 
with both painful and urinary symptoms at study entry, 
greater levels of negative emotionality, more functional 
and somatic symptoms, and less likelihood of improve-
ment over time. We also hypothesize that perceived physical 
well-being, previously shown to be associated with medi-
um-term symptom outcomes [34], may mediate the effect 
of ACE severity on symptom improvement/worsening.

Methods

Participants

Inclusion/exclusion

UCPPS participants were recruited from clinics and 
local advertisements and healthy control participants 
were recruited at each MAPP Network Discovery 
Site. Complete information about the MAPP Network 
inclusion/exclusion criteria is available [31, 32]. Briefly, 
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participants were eligible if  they were at least 18 years 
of  age and reported chronic pain/pressure/ discom-
fort associated with the bladder or pelvic region in the 
preceding 3 months in the presence of  negative urine 
cultures for uropathogens. Exclusion criteria included 
pregnancy if  female and conditions that might result 
in tissue damage to areas relevant to UCPPS sympto-
mology (e.g., history of  urethral stricture, neurologi-
cal disorder affecting the bladder or bowel). UCPPS 
Participants were enrolled in a longitudinal study of 
symptom changes related to pelvic pain and urinary 
symptoms. Participants completed demographic and 
symptom information during a baseline visit follow-
ing which genitourinary pain and urinary symptom 
data were collected biweekly for 48 weeks via an online 
module (25 time points, including baseline). At study 
entry, participants had a physical examination, urine 
collection, blood draw, and completed questionnaires 
regarding symptoms, and nonurologic factors such as 
mood, coping, and childhood adversity that are fully 
described elsewhere [32]. The same broad medical 
comorbidity exclusions were applied to healthy con-
trols. In additon, healthy controls could not report any 
pain in the pelvic or bladder region or pain in more 
than one of  the 42 nonurologic body regions on a 
body map or meet criteria for a chronic pain condi-
tion (described under the subsection ‘comorbid con-
ditions’) [32]. At baseline the final sample consisted of 
421 UCPPS participants (232 women) who completed 
the measure of  ACE severity and 414 (233 women) 
healthy controls who completed measures of  ACE 
severity. The final sample for longitudinal analyses 
included 421 (232 women) UCPPS participants. The 
study was approved by Institutional Review Boards at 
all participating sites.

Measures

Adverse childhood experiences

The Childhood Traumatic Events Scale (CTES) exam-
ines traumatic events that occurred before the age of 
17 in the following categories: death of a close family 
member or friend, parental separation, physical abuse 
including sexual assault, serious illness, and other. For 
each category, severity of the trauma, age at the time of 
the trauma, and extent of confiding in others is assessed 
[41]. Each ACE is rated either 0 (“no trauma”) or from 1 
(“not at all traumatic”) to 7 (“extremely traumatic”). The 
total CTES severity score is a simple sum of the sever-
ity rating for each ACE category (possible range 0–42). 
We used this summary measure rather than individual 
ACE categories (e.g., sexual trauma) as the primary 
predictor, as cumulative ACE burden across multiple 
domains, including bereavement and serious illness, has 

been shown to strongly predict complex symptoms in 
adulthood even when controlling for specific categories 
of ACE and particular ACE characteristics, such as age 
of exposure [42, 43].

Functional symptoms

Functional symptoms were assessed using the Complex 
Medical Symptoms Inventory checklist [44], a 41 item 
measure assessing symptoms commonly reported in 
functional syndromes. The checklist assesses symptoms 
present at least 3 months out of the preceding year, using 
binary responses. A sum of nonurinary symptoms (e.g., 
dry eye, photo-sensitivity, palpitations) was used as an 
assessment of the cumulative burden of these symptoms.

Genitourinary pain and urinary symptoms

Pain and Urinary Severity was assessed using a compos-
ite measure derived from the genitourinary pain index 
(GUPI) [45], and Interstitial Cystitis Symptom Index 
(ICSI) [46], based on psychometric analyses performed 
on MAPP baseline data, suggesting that pain and uri-
nary symptoms should be measured separately. In this 
analysis the urinary and symptom severity scores were 
correlated (r = .56) [33]. Pain severity scores range from 
0 to 28 (MAPP sample Cronbach’s α  =  .92) and uri-
nary severity scores range from 0 to 25 (MAPP sample 
Cronbach’s α = .89).

Health, medical, and demographic information

Health, medical, and demographic information (e.g., 
age, duration of  symptoms, use of  medication) was 
collected by self-report. A  45 site body map was also 
administered (42 nonpelvic sites) and the sum of sites 
checked as painful, using binary responses, was used 
as an indication of  the burden of  widespread pain [47]. 
Headache was indicated by any of  four head sites being 
checked as painful.

Comorbid conditions

Comorbid Conditions were assessed using standardized 
self-report criteria for fibromyalgia (FM) [48], chronic 
fatigue syndrome (CFS) [49], irritable bowel syndrome 
(IBS) [50], vulvodynia (VVD; females only) [44], and 
temporomandibular disorder (TMD) [51].

Perceived stress

The Perceived Stress Scale (PSS) is a 10-item scale 
(MAPP sample Cronbach’s α  =  .93) measuring the 
degree to which situations are perceived as being unpre-
dictable, uncontrollable, and overwhelming during the 
last month. Responses range from 0 (“never”) to 4 (“very 
often”). Higher scores indicate more stress [52].
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Catastrophizing

Catastrophizing refers to the appraisal of  one’s pain as 
overwhelmingly awful and the extent to which a per-
son believes that their pain will lead to catastrophic 
consequences. The 6-item (MAPP sample Cronbach’s 
α  =  .88) Catastrophizing subscale from the Coping 
Strategies Questionnaire (CSQ) was used to measure 
this characteristic, with higher scores indicating worse 
catastrophizing. Responses range from 0 (“never do 
that”) to 6 (“always do that”) when the participant feels 
pain [53].

Sleep and fatigue

Sleep (8 items; MAPP sample Cronbach’s α = .95) and 
fatigue (7 items; MAPP sample Cronbach’s α  =  .80) 
were assessed with the NIH Patient Reported Outcomes 
Measurement Information System (PROMIS) ques-
tionnaires. Responses range from 1 (“never”) to 5 
(“always”) for each symptom experienced in the last 
7 days [54].

Anxiety and depression

Anxiety (7 items; MAPP sample Cronbach’s α  =  .88) 
and depression (7 items; MAPP sample Cronbach’s 
α = .88) were measured using the Hospital Anxiety and 
Depression Scale (HADS). Responses range from 0 (e.g., 
“not at all”) to 3 (e.g., “most of the time”) for each item 
experienced over the last week [55].

Perceived physical and mental well-being

Perceived physical and mental well-being were measured 
using the SF-12 physical components score (PCS; a com-
posite of all physical health subscales), and mental com-
ponents score (MCS). These measures are scored using a 
proprietary algorithm. Responses range from 1 (“all of 
the time”) to 4 (“none of the time”). Higher scores indi-
cated better physical and mental well-being [56].

Statistical Analyses

Statistical analyses were performed using SPSS v.  24, 
MPLUS v 5.2. Descriptive statistics were generated for 
each of the six CTES subscales and compared between 
the longitudinal MAPP UCPPS (n  =  421) and healthy 
cohorts by analysis of variance (ANOVA) for severity 
scores and psychosocial/physical health characteristics, 
and Pearson χ2 difference testing for binary ACE cate-
gories. Total number of ACE types endorsed and total 
severity scores were also compared by ANOVA. Pearson 
correlation analyses were conducted between ACE sever-
ity scores and each of the psychosocial and physical 
health measures in each cohort. We also examined these 
relationships stratified by cohort and sex.

UCPPS severity outcome groupings

As described in a previous publication, a functional 
clustering algorithm was employed to classify subjects 
according to symptom trajectory status on pain and uri-
nary severity at 48 weeks (improve, stable, worse) [34]. 
Briefly, an initial clustering step Ward’s minimum vari-
ance was used to assign each subject to a cluster based on 
a treatment of all the longitudinal data from weeks 4 to 
48. In the second iterative classification step, one subject 
is removed and new mixed effects models are estimated 
by K-mixture functional mixed effects models [57]. The 
posterior probability of the excluded subject belonging 
to one of the groups is then calculated, and the steps 
are repeated until group assignments for each subject 
are stable. The number of clusters is selected based on 
Kullback–Leibler (KL) criterion [58].

In previous analyses it was determined that large 
study entry or regression to the mean type effects were 
present in this cohort [59], and that classification of 
“improved” or “worse” changed substantially when the 
first 4 weeks of  data were excluded. For these reasons, 
the “baseline” measure of  symptoms occurred at week 
four. The algorithm subsequently produced three broad 
classifications of  symptom change: “improved,” “sta-
ble,” and “worse.”

For pain severity outcomes at 1  year, 87 (21.9%) 
were classified as improved, 230 (57.9%) as stable, and 
80 (20.1%) as worse. For urinary severity 83 (20.9%) 
improved, 261 (65.7%), remained stable, and 53 (13.3%) 
were worse.

Mediation/path analysis

To address the question of how levels of ACE severity 
might be related to changes in in genitourinary pain and 
urinary symptoms at 1  year, we conducted mediation/
path analyses using perceived physical well-being (the 
SF-12 PCS scale) as the mediator of interest. Model 
building procedures in our previous work using univar-
iate then multivariate analyses identified the SF-12 PCS 
as the only significant predictor of pain and urinary 
functional outcomes [33].

All models controlled for patient age. Sex was not 
used as a covariate because it was not found to be associ-
ated with UCPPS symptom outcome group membership 
[33]—in secondary analyses we confirmed that sex did 
not influence the model. For the mediation/path analy-
ses, a parallel mediation model was conducted to control 
for any relationships between ACEs, baseline pain or uri-
nary severity, and UCPPS symptom outcome status. This 
was owing to the established association between base-
line severity and UCPPS symptom outcome status [34] 
as well as association between ACE severity and base-
line symptom severity (pain severity, r = .156, p < .001; 
urinary severity, r =.194, p < .001). A logistic regression 
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framework was employed, with separate models tested 
for improvement status (“improved” vs. “worse/stable”) 
and worse status (“worse” vs. “stable/improved”). We 
chose this approach as each outcome may have unique 
associations that would not be captured by proportional 
odds models. Indirect effects were tested through the 
construction of bias-corrected 95% confidence intervals 
(20,000 resamples).

Results

Demographics

UCPPS participants were 43 (15 +/− SD) years old on 
average. Of the sample, 55% were female, 93% were 
non-Hispanic, 88% were Caucasian, and 65% were 
college graduates. Approximately 30% of the sample 
was using a pain medication at the time of study entry. 
Demographic information on the trans-MAPP cohort 
has been previously published [60].

ACEs and Psychosocial/Physical Health

Compared with the healthy control group, UCPPS 
participants had elevated levels of  depression, anx-
iety, perceived stress, pain catastrophizing, functional 
symptoms, painful body map sites, fatigue, sleep 

disturbance, head pain, and worse physical and men-
tal health (all p < .001; see Table 1). Similarly, UCPPS 
participants reported experiencing more categories of 
ACEs than the control group and greater ACE severity 
(both p < .001). Comparing specific ACE categories, 
UCPPS participants were more likely to endorse sex-
ual ACE, physical violence, illness/injury, and “other 
trauma” than healthy controls (all p < .01), while death 
of  family members/close friends and parental sepa-
ration/divorce were not more common for UCPPS 
participants (both p < .13). In addition, there was a 
significant effect of  sex on ACE severity across both 
cohorts, such that women had higher ACE severity 
scores than men (p < .001) and significant group X sex 
interaction, such that women with UCPPS had higher 
ACE severity scores than healthy women and men 
from both groups (p < .001; see Fig. 1). UCPPS par-
ticipants with one or more comorbid pain conditions 
had significantly higher ACE severity scores (UCPPS 
only, mean  0=  7.24, SD  =  6.94; UCPPS comorbid, 
mean = 9.81, SD = 8.96; p = .001).

In the UCPPS cohort, ACE severity was associated 
with higher levels of  baseline depression, anxiety, per-
ceived stress, pain catastrophizing, functional symp-
toms, painful body map sites, fatigue, sleep disturbance, 
and perceived physical well-being (all r > .108, all p < 
.05; see Table 2). The strongest relationships were with 

Table 1. Trauma and psychological characteristics of UCPPS and healthy control participants

Characteristic mean (SD) UCPPS (n = 421) Healthy controls (n = 414) F value DF p

Depression (HADS-D) 5.42 (4.20) 1.80 (2.34) 235.25 1,832 < .001

Anxiety (HADS-A) 7.70 (4.54) 3.63 (3.15) 226.37 1,832 < .001

Catastrophizing (CSQ) 12.63 (8.80) 2.58 (4.58) 421.23 1,826 < .001

Perceived stress (PSS) 16.48 (7.89) 10.44 (6.27) 149.19 1,830 < .001

Physical health (SF-12 PCS) 47.34 (10.31) 57.14 (4.29) 307.96 1,799 <.001

Mental health (SF-12 MCS) 43.76 (10.42) 53.76 (6.99) 250.470 1,799 <.001

Number of functional symptoms 8.74 (6.87) 1.58 (2.80) 386.98 1,833 <.001

Number of painful body map sites 5.02 (6.47) 1.24 (2.05) 128.64 1,833 <.001

Fatigue (PROMIS-fatigue) 19.12 (5.67) 13.05 (3.74) 333.09 1,833 <.001

Sleep disturbance (PROMIS –sleep disturbance) 24.19 (7.75) 15.09 (5.56) 379.00 1,833 <.001

Adverse Childhood Experiences (ACEs) severity
(CTES)

8.63 (8.16) 6.08 (6.68) 24.51 1,833 <.001

ACE # categories 1.69 (1.41) 1.29 (1.22) 32.81 1,833 <.001

Frequency (%) Pearson χ2 p

Body map head pain 118 (28) 47 (11) 36.61 <.001

ACEs

 Death of family member/close friend 209 (50) 184 (45) 2.17 .14

 Divorce/separation of parents 126 (30) 123 (30) .002 .96

 Traumatic sexual experience 85 (20) 41 (10) 17.37 <.001

 Victim of violence 65 (15) 39 (9) 6.94 .008

 Extremely ill or injured 82 (20) 48 (12) 10.06 .002
 Other trauma 143 (34) 102 (25) 9.04 .003
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more functional symptoms (r =  .370, p < .001), worse 
physical health (r = −.277, p < .001) and more painful 
body map sites (r =  .267, p < .001). ACE severity was 
also associated with greater genitourinary pain sever-
ity (r = .118, p = .016) and urinary symptoms (r = .139, 
p = .005) at the time of  study entry, though these asso-
ciations were not significant after correction for multi-
ple comparisons. In healthy controls, ACE severity was 
associated with worse depression, anxiety, perceived 

stress, pain catastrophizing, functional symptoms, 
painful body map sites, fatigue, sleep disturbance, and 
mental health (all r > .108, all p < .05) but not head 
pain (r = .059, p = .228) or perceived physical well-be-
ing (r = −.087, p = .084). There were some apparent sex 
differences, with females showing slightly stronger asso-
ciations between ACE severity and some psychosocial 
variables.

Functional Outcomes at One Year

Total effect of ACE severity

The total effect of ACE severity was not significantly 
associated with changes in painful or urinary symptoms, 
adjusting for age (all p > .25; see Table 3).

Mediation/path analysis—painful symptoms

ACE severity was associated with less likelihood of 
improvement in pain symptoms at 1  year indirectly 
through worse perceived physical well-being (OR = .871, 
95% CI = .777, .950, p = .007; see Fig. 2). This indicates 
that a 1 standard deviation increase in ACE severity is 
associated with an approximately 13% lower probabil-
ity of 1-year improvement in pain scores through SF-12 
PCS scores. The direct effect of ACE severity was not 
significant (p = .18), while the sum of the direct and indi-
rect effect was significant (OR =  .725, 95% CI =  .542, 
.943, p = .023).

Fig. 1. Means and S.E.s of ACE severity scores for men and 
women with UCPPS and healthy controls. *After adjustment for 
multiple comparisons with Sidak correction UCPPS women had 
higher ACE severity compared with all other groups (all p < .001), 
while no other groups differed significantly from one another (all 
p > .9).

Table 2. Pearson correlations between psychosocial and physical health measures and adverse childhood experiences severity (CTES), for 
all participants in each group and stratified by sex

Measure

UCPPS HC UCPPS HC

r r r r

All All Female Male Female Male

Depression (HADS-D) .171b .138 .200b .165 .181 .109a

Anxiety (HADS-A) .205b .162b .248b .128a .110a .219b

Catastrophizing (CSQ) .199b .108 .209b .095a .098 .111a

Perceived stress (PSS) .246b .175b .279b .138a .159 .191

Perceived physical well-being (SF-12 PCS) −.277b −087a −243b −.222b −.096a −.076a

Perceived mental well-being (SF-12 MCS) −.102 −148 −.149 −.028a −.184 −.110a

Number of functional symptoms (CMSI) .370b .203b .347b .305b .224b .183

Number of painful body map sites .267b .133 .280b .078a .082a .207

Fatigue (PROMIS- fatigue) .249b .188b .251b .130a .175 .197

Sleep disturbance (PROMISsleep disturbance) .221b .175b .267b .068a .133 .231b

Body map head pain .109 .059a .088a .001a .012a .121a

Genitourinary pain (Pain severity) .118 N/A .051a .144 N/A N/A
Urinary symptoms (Urinary severity) .139 N/A .082a .110a N/A N/A

All p < .05 unless otherwise noted
ap > .05
bp < .05 after correction for multiple comparisons
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Similarly, ACE severity was associated with a greater 
likelihood of worsening in pain symptoms at 1  year 
indirectly through worse perceived physical well-be-
ing (OR  =  1.249, 95% CI  =  1.107, 1.490, p  =  .003). 
This indicates that a one standard deviation increase in 
ACE severity is associated with an approximately 25% 
greater probability of worsening in pain symptoms at 

1  year through SF-12 PCS scores. The direct effect of 
ACE severity was not significant (p = .71), nor was the 
sum of the direct and indirect effect (OR = 1.188, 95% 
CI = .887, 1.570, p = .23).

In summary, greater severity of self-reported ACEs 
is associated with worse perceived physical well- being, 
which in turn is associated with less likelihood of 

Table 3. Relationship between adverse childhood experiences (ACE) severity and functional outcomes adjusting for age

Obs. used: 397 Estimate
Standard 
Error

Estimate/
Standard 
Error p Odds Ratio

95% Confidence 
Interval, Lower 
Limit

Upper 
Limit

Pain improvement

ACE severity −0.148 0.130 −1.142 0.253 0.862 0.659 1.094

Age 0.006 0.008 0.840 0.401 1.006 0.991 1.021

Pain worsening

ACE severity −0.023 0.121 −0.186 0.852 0.978 0.761 1.225

Age −0.016 0.009 −1.745 0.081 0.984 0.967 1.002

Urinary improvement

ACE severity −0.113 0.116 −0.972 0.331 0.893 0.706 1.119

Age −0.003 0.008 −0.440 0.660 0.997 0.981 1.012

Urinary worsening

ACE severity 0.080 0.150 0.503 0.596 1.083 0.798 1.438
Age 0.008 0.010 0.843 0.399 1.009 0.988 1.028

Fig. 2. Mediation analyses showing the direct and indirect effects of ACE severity on pain functional outcomes. Odds ratios represent 
the increase or decrease in the likelihood of each pain outcome associated with a one standard deviation increase on the ACE severity 
measure. The association between ACE severity and SF-12 PCS scores is reported in standardized units. The sum of direct and indirect 
effects includes the mediated effect (by SF-12 PCS scores), and the direct effect of ACE severity on pain outcomes. Both models control 
for relationships between ACEs and early symptom severity and the effect of age (not shown). *p < .05.

ann. behav. med. (2018) 52:865–877 871



improvement and a greater likelihood of worsening in 
pain severity at 1 year. In secondary analyses, these rela-
tionships remained when sex was included as a covariate 
(data not shown).

Mediation/path analyses—urinary symptoms

ACE severity was not associated with urinary symp-
tom improvement either directly (p =  .07) or indirectly 
through perceived physical well-being (OR = .933, 95% 
CI = .839, 1.015, p =  .15). Similarly, ACE severity was 
not associated with worsening of urinary symptoms 
either directly (p = .51) or indirectly through SF-12 PCS 
scores (OR = 1.107, 95% CI = .994, 1.241, p = .10).

Discussion

Our result show that the cumulative severity of ACEs 
is associated with substantially worse pain outcomes 
at 1  year, indirectly, through poorer perceived physical 
well-being. Identifying distinct pathways that impact 
symptom outcomes is particularly important when, as 
in these analyses, there is no clear association between 
the exposure (ACEs) and symptom outcomes in simple 
prediction models—this may be owing to the combin-
ation of different types of indirect effects not explicitly 
modeled [61]. These analyses confirm the relationship 
between ACEs and worse perceived physical well-be-
ing [62] and suggest that perceived physical well-being 
is important to evaluate in UCPPS sufferers with a his-
tory of ACEs. To our knowledge this is the first study 
in UCPPS to examine longitudinal outcomes within the 
context of ACEs.

These findings are consistent with the notion that 
stressful early life events could play a role in exacerbation 
of painful symptomology in UCPPS. On average, the 
UCPPS participants had experienced 1.7 of 6 ACE cat-
egories, and approximately 78% of the sample endorsed 
at least one ACE. Interpersonal violence (both physical 
and sexual) was roughly twice as likely to be reported 
by UCPPS participants compared with healthy controls, 
a finding consistent with meta-analyses in other chronic 
pain conditions [2]. Although the cumulative impact of 
ACEs across domains are clearly associated with worse 
symptom outcomes in the medium-term, it may be true 
that ACEs involving personal threats during a critical 
developmental window are part of the pathogenesis of 
the syndrome. Longitudinal studies beginning in child-
hood are necessary to answer this question.

Worse perceived physical well-being appears to play 
an important role in the relationship between ACEs and 
worse functional pain outcomes. It has previously been 
shown that chronic pain patients with worse perceived 
physical well-being are likely to have experienced pain 
longer and to have more social difficulties related to their 

pain [63]. Longitudinal studies have demonstrated that 
individuals with poorer perceived physical health are less 
likely to engage in preventative health behaviors such 
as eating a balanced diet and receiving routine medical 
care [38], that ACEs prospectively predict more nega-
tive health behaviors in adulthood such as tobacco use 
and alcohol abuse [64] and a reduced sense of internal 
control around adversity [65]. These findings are consist-
ent with conceptual models in which the link between 
ACEs and poor perceived physical health is due in part 
to worse overall health behaviors, worse objective meas-
ures of health, and a lack of social integration or sup-
port. It is possible then that individuals with a history of 
ACEs are more likely to engage in harmful health behav-
iors that exacerbate pain, may have less functional or 
perceived social support that would facilitate behavioral 
modification, or may have a reduced sense of control in 
managing symptoms. Our present findings suggest that 
in the context of medium-term pain outcomes, factors 
related to the perception of physical health are at least as 
important as the perception of mental health in individ-
uals with a history of ACEs.

Extrapolating to estimates of  UCPPS (3.3–7.9 mil-
lion women [66] and .96–3.0 million men) [67] preva-
lence in the USA, our findings suggest that between 3.3 
and 8.5 million UCPPS sufferers have experienced some 
form of ACE which in turn reduces the likelihood of 
medium-term improvement. By our estimates, a patient 
one standard deviation above the mean on ACE severity 
would be approximately 52% more likely to have pain 
worsen at 1  year after adjustment for age and base-
line severity, and approximately 27% less likely to have 
pain improve, compared with a patient with no his-
tory of  ACEs—an effect mediated through worse per-
ceived physical well-being. Although ACE severity was 
higher in women than in men, levels of  ACE severity 
were similarly associated with poorer perceived physical 
well-being. This is likely why sex did not appear to alter 
the mediation/path analysis relationship between ACE 
severity and 1 year painful outcomes. This also suggests 
that ACE severity confers vulnerability to worse symp-
tom outcomes in the medium-term for both women 
and men.

The measures and conditions most strongly associ-
ated with ACE severity at study entry—spatial distri-
bution of  pain, comorbid functional syndromes, total 
number of  functional symptoms, and poorer perceived 
physical well-being—are all associated with what is 
sometimes termed “centralized” pain, in recognition 
of  the prominent role the central nervous system plays 
in the expression of  nonspecific symptoms and wide-
spread pain [68]. Interestingly, these constructs were 
also those more strongly associated with ACE severity 
in the UCPPS cohort than in the healthy control group. 
Hypotheses related to central nervous system disruption 
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of sensory and affective pathways are strengthened by 
the exclusion of  individuals with medical comorbidities 
of  a known autoimmune or overtly inflammatory char-
acter. That UCPPS patients with more functional symp-
toms and bodily pain at study entry have higher levels 
of  ACE severity is consistent with previous studies indi-
cating that ACEs are both more prevalent in those with 
chronic pain conditions [1] and that the number/severity 
of  ACEs are associated with a greater number of  pain-
ful symptoms [69]. The concept of  biological embedding 
has been advanced as a potential explanation for the 
cluster of  physical and psychological symptoms seen in 
chronic pain patients with a history of  ACEs [15], as a 
variety of  neurobiological mechanisms appear to influ-
ence both sensory and affective pathways that may be 
relevant to pain. Along these lines, we have previously 
demonstrated that provoked immune responses are 
associated with both centralized pain characteristics [70, 
71] and worse longitudinal outcomes in an exploratory 
MAPP cohort [72].

Our findings confirm previous investigations in 
chronic pain finding relationships between ACEs and 
affective vulnerabilities as well—at study entry, ACE 
severity was associated with higher levels of depression, 
catastrophizing, anxiety, and perceived stress. The associ-
ations between catastrophizing, depression, and ACEs at 
study entry is important, as previous research has found 
that both are important independent constructs in rela-
tion to pain reports [73]. Functional magnetic resonance 
imaging (fMRI) studies of pain catastrophizing suggest 
that neural networks related to pain anticipation, emo-
tional elements of pain, and motor control are related to 
the construct [74, 75]. fMRI studies have revealed that 
the depressive symptoms are associated with activation 
of neural networks related to the emotional/affective 
salience of pain [76, 77], and that induced depressive 
symptoms enhance the unpleasantness of pain experi-
enced [78]. These findings may have correlates in neuro-
imaging studies of individuals with a history of ACEs: 
limbic hyper-responsiveness to threat [79], hippocam-
pal hyper-responsiveness to sad subliminal images [80], 
and overall reduced limbic-prefrontal connectivity [81]. 
Regarding pain processing, ACEs have also been asso-
ciated with reduced activation in the hippocampus dur-
ing pain–empathy tasks [82], and reduced activity of the 
anterior cingulate cortex during a visceral pain task [83] 
a result subsequently found to be modulated by affect-
ive symptoms [77]. It would therefore appear that the 
association of ACEs with pain may share similar neural 
pathways as affective vulnerabilities. The fact that the 
association between ACEs and neuroimaging outcomes 
was no longer significant once affective symptoms were 
controlled for supports the close relationship between 
affective and pain processing circuits, and their involve-
ment in ACE-related pain modulation [77]. A  recent 

MAPP analysis using resting-state functional connect-
ivity analysis of MRI data on a subset of participants 
found that a broad frontoparietal network of connect-
ivity predicted improvement and worsening at 3 months 
with substantial accuracy. A  number of affective and 
pain processing regions were identified as having predic-
tive value, including the hippocampus, parahippocampal 
gyrus, anterior cingulate cortex, nucleus accumbens, and 
insula [84].

Limitations

As with all self-reported measures of  past events, 
reporting of  ACEs may be subject to recall bias. 
Comparisons of  prospective data on childhood mal-
treatment and self-report in adulthood reveal that 
a significant number of  individuals do not report or 
recall previous abuse [85, 86], and while difficult to 
quantify, false-positive reports may be a non-negli-
gible issue as well. Despite these limitations, there is 
general consensus to support the usefulness of  retro-
spective reports of  adverse early life events [86]. It is 
possible that affective disturbances such as depression 
and catastrophizing may influence current reporting 
and evaluations of  ACE incidence and/or severity [87]. 
ACE severity and perceived physical well-being were 
measured at the same time point. This study was obser-
vational and therefore participants entered at different 
phases of  the disease trajectory using different treat-
ment modalities. A recent analysis of  the same longi-
tudinal dataset suggested however that self-reported 
changes in treatment at baseline appeared to have little 
impact on symptom trajectories [59].

Conclusions and Future Directions

These findings confirm the importance of  ACEs in 
modulating the severity and persistence of  UCPPS 
symptoms. Perhaps more importantly from a clinical 
perspective, these analyses suggest that ACEs may be 
associated with elements of  the “centralized” pain 
phenotype. It remains to be determined if  well-docu-
mented effects of  early adversity on pain perception 
and stress responsiveness are responsible for these clin-
ical observations. Both the change in inflammatory 
markers and brain systems modulating pain are being 
tracked in ongoing MAPP Network projects. In add-
ition, projects are underway to identify the neural cor-
relates of  ACE severity in this MAPP Network cohort. 
Future research in UCPPS may focus on differential 
effects of  common treatments among individuals with 
a history of  ACE, particularly those targeting relevant 
neurotransmitter systems and cognitive and affective 
interventions targeting characteristics of  chronic pain 
[88, 89].
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