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ABSTRACT

Introduction: Abdominal pain frequently co-
occurs with pain in other body sites. Chronic
overlapping pain conditions (COPCs) represent
a group of widespread pain diagnoses. Our
study characterized how patterns of somatic
pain distribution are associated with COPCs
and aimed to characterize predictors of wide-
spread pain among patients with chronic
abdominal pain.

Methods: This retrospective cohort study
included adults presenting to a tertiary pain
clinic, reporting abdominal pain at their initial
visit, and with a follow-up visit at 12 months.
Body maps divided patients into localized,
intermediate, and widespread pain distribution
patterns. Diagnostic and psychosocial measures
were assessed across groups at the initial and
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follow-up visits. We analyzed the association of
baseline diagnoses and demographics and time-
varying changes in psychosocial measures from
initial to follow-up visit with changes in pain
distribution over time with alternating logistic
regression (ALR).

Results: Among 258 patients, most were female
(91.5%) and reported widespread pain (61.5%).
Those with widespread pain at baseline reported
elevated anger and 60.0% of patients remained in
the same pain category at follow-up. Multivari-
able ALR demonstrated higher pain interference
(AOR 1.06, 95% CI 1.02-1.10, P = 0.002), higher
anxiety (AOR 1.05, 95% CI 1.01-1.09, P = 0.01),
more than one COPC at initial visit (AOR 2.85,
95% CI 1.59-5.11, P = 0.0005), and initial visit
widespread pain categorization (AOR 4.18,
95% CI 2.20-8.00, P < 0.0001) were associated
with an increased risk of widespread pain at the
follow-up visit.

Conclusion: Most patients with abdominal pain
report additional pain locations at multiple other
body sites, and non-localized pain persists
12 months after pain treatment. Screening for
widespread pain and COPC at the initial visit
may identify patients at higher risk for persistent
or new-onset widespread pain, and interventions
to reduce pain interference and anxiety may
promote reversal of widespread pain.

Keywords: Abdominal pain; Body map;
Widespread pain; Chronic pain; Chronic
overlapping pain conditions
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Key Summary Points

Why carry out this study?

Abdominal pain frequently co-occurs with
pain in other locations of the body.

Chronic overlapping pain conditions
represent a group of widespread pain
diagnoses.

We aimed to characterize the longitudinal
changes in somatic pain distribution of
patients presenting to a tertiary pain clinic
with comorbid abdominal pain over

12 months, and to identify predictors of
widespread pain after 12 months of pain
treatment including the presence of
chronic overlapping pain diagnoses and
psychosocial symptoms.

What was learned from the study?

61.5% of patients presenting with
abdominal pain at a tertiary pain
management center, of which the
majority were female, reported
widespread pain at their initial visit, and
47.6% of patients reported widespread
pain at their 12-month follow-up visit.

Higher pain interference and elevated
anxiety symptoms over time were
associated with an increased risk of
widespread pain at the follow-up visit,
while more than one chronic overlapping
pain diagnosis, and widespread pain
categorization, itself at the initial visit
were also significant risk factors for new-
onset or persistent widespread pain at the
follow-up visit.

Screening for chronic overlapping pain
conditions and somatic pain distribution
categorization may identify high-risk
patients, and interventions to reduce
anxiety and pain interference may
promote reversal of widespread pain
among patients with comorbid abdominal
pain.

INTRODUCTION

Chronic abdominal pain is a symptom associ-
ated with multiple gastrointestinal disorders
and has a significant impact on the healthcare
field [1]. Women are particularly affected by
chronic abdominal pain, as the prevalence of
motility and functional abdominal disorders is
high in this population [2, 3]. Abdominal pain
remains one of the leading causes of visits to
both the emergency room and across ambula-
tory care settings and is associated with signifi-
cant healthcare costs [4]. The management of
chronic abdominal pain remains a significant
challenge for healthcare providers as it involves
complex neuroanatomic pathways that incor-
porate multiple sensory, emotional, and cogni-
tive inputs [5, 6]. Given the complexity of
management, extent of increasing disease bur-
den, and cost to the healthcare system, under-
standing the nature, characteristics, and
outcomes for patients with chronic abdominal
pain remains an important issue that requires
further investigation.

Chronic overlapping pain conditions
(COPCs) refer to a group of co-existing pain
conditions that include temporomandibular
disorders, fibromyalgia, chronic low back pain,
headache, vulvodynia, myalgic
encephalomyelitis/chronic fatigue syndrome,
interstitial cystitis/painful bladder syndrome,
endometriosis, and irritable bowel syndrome
(IBS). Still, the list of associated pain diagnoses
is not limited to those mentioned [7]. In addi-
tion to pain, patients suffer from associated
fatigue, sleep impairment, cognitive impair-
ment, physical dysfunction, and negative affect
(e.g., anger, anxiety, depression). The presence
of a single COPC significantly increases the
likelihood of experiencing additional COPCs
compounding negative impacts on overall
health.

Patients with certain gastrointestinal disor-
ders such as IBS frequently report pain outside
the abdominal region. However, few studies to
date have characterized the distribution of body
pain among men and women with chronic
abdominal pain. It is possible that patients with
localized abdominal pain represent a different
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patient group than those presenting with
widespread pain including the abdominal
region [8]. Pain amplification manifesting as
widespread pain is a risk factor for heightened
dysfunction and lack of treatment response
among patients with COPCs. Thus, the distri-
bution of pain over the entire body may have
important implications for pain prognosis. The
degree of pain distribution from localized to
widespread may represent a continuum of
increasing pain sensitization [9]. Similar pat-
terns of altered brain structure and function are
observed among patients with widespread pain
stemming from different, but potentially over-
lapping, chronic pain diagnoses of fibromyalgia
and urologic chronic pelvic pain syndrome
[10, 11].

Body maps have been used to characterize
somatic pain distribution over the entire body
[12]. The body map provides a visual represen-
tation of a patient’s pain locations [6, 7]. For
example, among patients with urologic pelvic
pain, an increasing number of body pain sites
and more widespread pain are correlated with
elevated sensory and affective pain, increased
pain severity, sleep disturbance, elevated
depression and anxiety, increased psychological
stress, and diminished quality of life [13, 14].
Greater somatic pain distribution assessed via
the body map is negatively associated with
psychosocial health. These findings correlate
with heightened levels of depression and anger
exhibited by patients with fibromyalgia, for
which widespread pain is the cardinal symptom
[15], and research suggests anger and sadness as
general risk factors for pain amplification
among women [16]. Similarly, pain catastro-
phizing is associated with higher pain intensity
among patients with fibromyalgia [17], and
patients with fibromyalgia with higher levels of
catastrophizing exhibit impaired ability to
modulate pain during distraction [18]. Given
the treatment-refractory nature of widespread
pain [19], identitying significant predictors of
chronic widespread pain would help to inform
the development of targeted interventions
among patients reporting comorbid abdominal
pain. Our study aimed to characterize the asso-
ciation between longitudinal changes in nega-
tive affect (depression, anxiety, anger) and pain

catastrophizing with the development and per-
sistence of widespread pain among patients
presenting with comorbid abdominal pain.

The electronic Collaborative Health Out-
comes Information Registry (CHOIR) self-report
body map is a validated, digital, general-pur-
pose body map administered to collect self-re-
ported visual body pain locations [20-22].
CHOIR is also used to track patient-reported
outcomes to help determine which treatments
have been deemed effective and can be used as a
representation of different chronic pain condi-
tions of a specific population [21]. This CHOIR
body map (CBM) has demonstrated concor-
dance with verbal measures of pain location and
has high test-retest reliability [20]. Here we used
the CBM to characterize the distribution of pain
in a cohort of men and women presenting for
care at a tertiary pain management center with
a follow-up visit at 12 months. Our study aimed
to characterize the distribution of initial pain,
changes in pain distribution patterns with the
body map, and corresponding changes in pain
and mood symptoms among patients reporting
concurrent abdominal pain at their initial visit.
We hypothesized that elevated psychosocial
distress in patients with chronic abdominal
pain would be associated with the development
of widespread pain.

METHODS

Participants

We prospectively collected data as part of rou-
tine clinical care at the Stanford Pain Manage-
ment Center. All measures and demographics
were administered via the Collaborative Health
Outcomes Information Registry (CHOIR;
https://choir.stanford.edu), an open-source
learning health system for assessing general-
and pain-related health status. CHOIR longitu-
dinally assesses patient-reported outcomes,
including mood, pain interference and pain
intensity ratings, and body maps. Data for this
retrospective cohort study was collected from
consecutively enrolled patients presenting for
initial medical evaluation at the clinic between
November 2013 and September 2018. The study
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included patients aged 18 years or older who
presented to the pain clinic endorsing abdomi-
nal pain (defined on the CHOIR body map as
pain in either or both of the two anterior
abdominal sites, Fig.1) and had a follow-up
visit 12 months after their initial visit. All
aspects of the current study were approved by
the Stanford University School of Medicine
Institutional Review Board (IRB #28435).

Choir Body Map (CBM)

The CBM is an electronic, visual representation
of the body that enables participants to indicate
the locations of their pain [20]. A computer
mouse or touchscreen device is used to select
body areas where patients experience pain with
the following instruction: “select the areas
where you are experiencing pain” or the option
to indicate “I have no pain” [20]. There are 36
anterior segments and 38 posterior segments.
There are two body silhouettes of identical
segmentation to reflect female and male

Right Arm
125 (48.5%)

Trunk
192 (74.4%)

Abdomen
258 (100.0%)

Pelvis
107 (41.5%)

Right Leg
153 (59.3%)

Fig. 1 CHOIR body map pain regions. Left arm = light
blue, right arm = dark blue, left leg = light green, right
leg = dark green,

head = orange, back = coral,

anatomy (Fig. 1). Participants selecting “male”
or female” gender were provided the respective
CBM; those indicating “other” or “decline to
answer” were provided the female body map.
We collapsed the 74 separate body map areas
into nine anatomically defined broader regions
as described in a prior study [14]. Figure 1 shows
the sites of the CBM included for each of nine
body regions: left arm, right arm, left leg, right
leg, head, back, trunk, abdomen, and pelvis
[14].

Researchers classified patients on the basis of
responses to the CBM. The “localized abdomi-
nal pain” group consisted of patients that
reported pain limited to either of two anterior
abdominal sites. Patients who had indicated
either anterior abdominal sites and one to three
additional pain regions outside the abdomen
were categorized to the “intermediate” pain
group, and those reporting pain over either
anterior abdominal site and four or greater
additional pain regions outside the abdomen
were categorized to the “widespread” pain
group. Categorization was adapted from a

Head
145 (55.4%)

Left Arm
123 (47.7%)

Back
195 (75.6%)

Left Leg
146 (56.6%)

)

trunk = purple, abdomen = red, pelvis = fuchsia; Regions
labeled with number (%) reporting each body map

location

A\ Adis



687

Pain Ther (2022) 11:683-699

€10 (L0) 1 (97 ¢ - 600 - (€%1) 1 - snneanued druory))
€10 (Lo)1 (97 ¢ - q - - - 3SESIP JEIPD)
¥1°0 (I'6) €1 (0%) 1 (LL1) € 170 (L)1 - - £1a8ms oryerreq jo A10asTH
(9) suonipuod JeunsauIoNIsEs Jo ‘oN
¥1°0 (17) ¢ #0) 1 - q - - - stnsk> [ennsIuy
L0 (19) 1 (€09 - q q q q sIsOLIPWOpU
or0  (661) ¥ (¢8) 0T (17) ¢ 670 (T81) % O%) 1 - soureSiy
ST'0 (69) ¥1 (17) ¢ - 650 9%) 1 - - swoipuds andney sruory))
€000 (LT1) 0g (€2)9 - $9°0 (16) T (9%) 1 - eSedwoqrg
Lzo  (6T1) 8¢ (L%) 11 (€29 650 O%) 1 - - SWOIpULS [omOq S[qEILII]
(%) suontpuod Surddepano jo -oN
(%) # ‘uonipuod
000  (FLI) 1¥ (L%) 11 Fo0) 1 $¢0 (16) T - - ured Surddepraso ruoIyd | < Jo 20U
(86) €T (¢9) €1 Fo) 1 (Ts81) ¥ (T6)T - PO
0€) L LNy (60) T - - - UEDWY ULy
(€09 (€2) 9 - (16) T - - 1OpUE[S] dYEJ 10 UEISY
€1 ¢ #0) 1 #0) 1 - - - ADEN] UEYSE[y 10 UEIPU] UEDIOWY
(9¢¥) €01 (T12) 05 (re) Tt (871€) L (L7T2) S (ré6) ¢ ST
0 61°0 (%) u ‘oovy
61°0 (TL) L1 (1¢) et (60) T 61°0 (o€1) € - - (%) # “hamruypd sruedst
L0 (6€1) 99%  (I'ST) ¥'L¥ (s€1) 8¢ 010 (807) L8 (L0T) LLE (907) L€ (@s) sreaf ueow 9By
(909) €¥1 (T2€) 9L (TL) L1 (r6S) €1 (81¢) L (r6) T (%) u ‘syusneq
Auo ured Aquo ured
onea g peaxdsopry  derpawniau] [euTwopqy onjeA g peaidsapip\  drerpauriouy Jeurwopqy
uowoN W

a1s1A [enrur 2 saxnseswr [esiSojoyddsd pue “Aarraass ured peurwopqe ‘sorydeidowa(q 1 dqel.

I\ Adis



Pain Ther (2022) 11:683-699

688

ST0  (8T1) 79T (L11) T'TC (8'81) 8'C¢C €00 (801) I'6T  (9€T) €L (L9) ¢ (@s) ueawr 91038 $OJ
L000  (T6) T'TS (6'6) 6'8% (68) T8% 8000 (£€1) %8S  (TII) 61% (0Tr) s€% (as) ueow “x8ue 21035-1, STNOUI
950 (68) 9°8S (9%6) 995 (£6) 9%S 7000  (L0T) $€9 (66) 69% (8L) S0S (as) uesw Aprxue 21035-1, SINOU
€0 (98) 995 (801) TSS (6°01) ¥'SS 00 (Tor) Tr19  (TOI) 68% (£€) 0TS (As) uesw ‘uotssordap 210351, SINOY
(as)
00 (I'S) 9L9 (€9) 199 (£8) 9%9 w00 (L) 1oL (T9) €79 (£€) 009  ueaw ddudrpIur ured 21035-1, SINOU
¥€0 (Lo) T (€D 1 - . - - - PWIISPOIINPS
60°0 (00) 0 €11 - q - - - SSEISIP UOSULYIE]
170 (©) 9 %) € - . - - - xnpor [eageydossonsen
wo - (971) 8 (8T1) 6 #67) S 600 - (€%1) 1 - sisaredonsen)
0S°0 (€9) 6 (€9) % (LL1) € q - - - IOPIOSIP [EUNSIIUT [EUOMIUN,]
€70 (gcr) 61 (8¢1) 1 (#%62) S q - - - ersdadsdp [euonoung
- (00) 0 (00) 0 - q - - eIYLIEIp [eUONOUN]
wo o (971)8 (SH1) 11 - LT°0 (8°0€) ¥ (€%1) 1 - 7 2dfa smarpppwr sa0qeI(
710 (87) % (00) 0 (69)1 w0 VAR - (00) T 1 2dfa smaygpw saaqerq
010 (o)1 90 T (69) q - - - sworpuks Sunrwoa [earpLD
0 (o) 1 €n1 - q - - - STI[0D JAIEIN]
9¢°0 (87 % (0%) € - q - - - 3SEISIP 5, UYOID)
6T°0 6%) L 6L)9 (69)1 q - - - uonednsuod rsuen-morg
10 (17 ¢ (%€°S) ¥ - q - - - uonednsuod uondunysp 1PNQ
LEO (¥'8) T1 (sor) 8 - q - - - uonednsuoo pasnpur-Sni
6£0  (6'S7) LE (L€7) 81 (#67) S 870 (reg) € (€vn) 1 - asnes pagmadsun-uonednsuon
A[uo ured [uo ured
Anea g peaidsopryy  srerpaunioyuy [euTwOpqy onfeA g peaidsapip\  drerpauriou] [eurwopqy
OO A\ WN

ponunuod T I[qel.

A\ Adis



Pain Ther (2022) 11:683-699 689

a

previous body map study among patients with
pelvic pain [23]. The CBM was administered at
both the baseline and the follow-up visit.

0.412

Measures

44 (18.6)

Demographics

Demographics and medical diagnoses for
COPCs (fibromyalgia, chronic fatigue syn-
drome, migraines, endometriosis, interstitial
cystitis) and gastrointestinal conditions were
extracted from the electronic medical record for
the initial medical visit.

Intermediate Widespread P value

30 (12.7)

PROMIS Assessments

CHOIR assessments included the National
Institute of Health (NIH) Patient-Reported
Outcomes Measurement Information System
(PROMIS) computerized adaptive testing
assessments of pain interference, depression,
anxiety, and anger. Patients were administered
v1.0 versions of PROMIS for anxiety, depres-
sion, and anger and v1.1 for pain interference.
The PROMIS pain interference item banks assess
how pain impacts an individual’s ability to
engage in social, physical, cognitive, and emo-
tional tasks [24]. PROMIS anxiety and anger
each consist of 29 items and PROMIS depression
consists of 28 items. These PROMIS measures
are commonly used and valid [25], and further
details regarding measure development and
validation can be found at https://www.
healthmeasures.net/. All PROMIS measures are
standardized to a mean T-score of 50 and SD of
10.

pain only

Women
Abdominal
4 (1.7)

a

0.47

Intermediate Widespread P value
4(19.1)

2(9.5)

Abdominal
pain only
2 (95)

Men

Pain Catastrophizing
The 13-item Pain Catastrophizing Scale (PCS) is
scored with each item rated on a five-point scale
from O (not at all) to 4 (all the time) with total
scores ranging from 0-52. PCS is used to
examine three key components: (1) rumination,
(2) magnification, and (3) helplessness. Higher
scores on the PCS indicate greater catastrophic
thinking related to pain. Moderate and clinical
levels of catastrophizing are cited as 20 and 30,
respectively [26].

The PROMIS measures and PCS were
administered at both initial and follow-up

» number, SD standard deviation, PROMIS Patient-Reported Outcomes Measurement Information System, PCS Pain Catastrophizing Scale

*Nonparametric Jonckheere-Terpstra test

Table 1 continued
bNot applicable

Opioid use, 7 (%)
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Localized
6 (31.6%)

Localized
n=19

| Widespread
~ 2(10.5%)

Localized
21(25.3%)

‘Widespread
14(16.9%)

Localized
10(6.4%)
Widespread: |
n=156

“Widespread

Fig. 2 Pain distribution from initial to follow-up visit.
Number (%) for each pain category is reported. “Three
patients in the intermediate group and three patients in
the widespread group at initial visit did not complete the
follow-up visit CHOIR Body Map

visits. Self-reported opioid use was assessed as a
binary measure at the initial visit.

Statistical Analyses

SAS version 9.4 software (SAS Institute Inc.,
Cary, NC, USA) was used for all analyses. Sam-
ple size was determined by the number of eli-
gible patients within the retrospective study
period. We had 80% post hoc power to detect
an OR of at least 1.05. Less than 3% of patients
were missing CBM assessment at the follow-up
visit. No imputations or adjustments were per-
formed, and missing data was excluded from
the analyses. Mean and SD are reported for
continuous variables, and frequencies for cate-
gorical variables. To test for a linear gradient
effect, ordinal values were assigned to the three
pain distribution groups: 3, widespread; 2,
intermediate; and 1, localized abdominal pain.
Nonparametric Jonckheere-Terpstra trend tests
were used to analyze the progression of initial
visit measures across the three groups [27]. Chi-

square test for binary variables and Wilcoxon-
Mann-Whitney tests for continuous or ordinal
variables were used to analyze differences in
initial visit measures across the widespread and
intermediate pain groups. Initial visit analyses
were separated by gender given the limited
number of men.

Alternating logistic regression (ALR) was
used to analyze the change in CBM pain distri-
bution categorization over time for both men
and women. This method adjusts for discrete
outcomes measured repeatedly on subjects over
time. ALR models associations via odds ratios
subject to less restrictive constraints than cor-
relations [28]. ALR allows analysis of multino-
mial, ordinal outcomes when observations are
clustered within subjects [29-31]. It is a spe-
cialized case of generalized estimating equa-
tions applied via SAS PROC GEE, a generalized
linear model often used to incorporate longi-
tudinal data. Multivariate ALR estimated the
association of demographics, presence of more
than one COPC, widespread pain categorization
at the initial visit, and time varying PROMIS
pain interference, depression, anger, anxiety,
and PCS scores with CBM pain distribution
categorization from the initial to follow-up
visit. Thus, the ALR analysis predicted the odds
of widespread pain categorization at the follow-
up visit. The results of the ALR analysis are
presented as adjusted odds ratios and 95%
confidence intervals. Values of p < 0.05 were
considered statistically significant.

RESULTS
Initial Visit

A total of 258 patients were included in the
analysis. Table 1 describes the demographics
and initial visit data. The vast majority were
female (n = 238, 91.5%) and identified as white
(n =179, 69.4%). The age range at baseline for
women was 18-81 years of age and for the men
23-68 years. Among men, type 2 diabetes mel-
litus was the most common co-occurring gas-
trointestinal condition across groups, followed
by constipation. Among women, any category
of constipation (n =81, 34%) was the most
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Pain Distribution by Region in Female Patients Reporting Abdominal Pain (N=236)

Intermediate: Abdominal Pain + 1-3
Additional Pain Regions
N=76 patients (32%)

Localized Abdominal Pain

N=17 patients (7%)

Widespread: Abdominal Pain +4-8
Additional Pain Regions
N=143 patients (61%)

Number of Patients Reporting Pain per Region in Body Map (Patients may report pain in multiple pain regions)

2

143

Pain Distribution by Region in Male Patients Reporting Abdominal Pain (N=22)

Intermediate: Abdominal Pain + 1-3
Additional Pain Regions
N= 7 patients (32%)

Localized Abdominal Pain

N= 2 patients (9%)

Widespread: Abdominal Pain + 4-8
Additional Pain Regions
N= 13 patients (59%)

Number of Patients Reporting Pain per Region in Body Map (Patients may report pain in multiple pain regions)

1 )

13

Fig. 3 Heat map of pain distribution patterns. Values indicate number of participants in the three subgroups experiencing

pain in a given region

common co-occurring gastrointestinal condi-
tion across groups followed by IBS. Figure 2
shows CBM categorization over time. Nineteen
(7.4%) patients presented with only localized
abdominal pain while 156 (60.5%) patients
reported widespread pain at the initial visit.

Table 1 lists the percentage of patients catego-
rized to each CBM pain category stratified by
gender at the initial visit. Pain categorization
was similar between men and women with a
similar proportion reporting widespread and
intermediate pain. Among men, PROMIS pain
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Table 2 Comparison of intermediate vs widespread
abdominal pain groups at initial visit

Intermediate vs
widespread P values®

Men Women
No. patients 22 236
Age 0.18 0.87
Psychological measures
PROMIS T-score pain 0.06 0.06
interference
PROMIS T-score depression  0.07 0.48
PROMIS T-score anxiety 0.01 0.17
PROMIS T-score anger 0.012 0.01
PCS score 0.15 0.30
Race 0.81 0.64
Hispanic ethnicity 0.52 0.43
Opioid use 1 0.23
Presence of > 1 chronic 0.52 0.02
overlapping pain condition
Chronic overlapping condition:
Irritable bowel syndrome 1 0.35
Fibromyalgia 1 0.01
Chronic fatigue syndrome 1 0.42
Migraines 0.61 0.312
Endometriosis b 0.90
Interstitial cystitis b 0.67

n number, SD standard deviation, PROMIS Patient-
Reported Qutcomes Measurement Information System,
PCS Pain Catastrophizing Scale

*Chi-square  test for and  Wil-
coxon—-Mann-Whitney test for continuous or ordinal
variables of interest with two-sided significance at o = 0.05

*Values not calculated, no individuals reported for this

binary variables

specific condition

interference and PCS scores showed a progres-
sive increase in scores with increasing pain dis-
tribution. Among  women, significant

differences in initial visit proportion of patients
with more than one COPC or fibromyalgia
diagnosis was noted with a greater proportion
of affected patients with increasing pain distri-
bution. PROMIS pain interference and anger
scores significantly increased from the localized
to widespread pain categories. Although 86
(33.3%) reported opioid use at the initial visit,
no differences were noted in CBM pain distri-
bution. There were also no differences in the
frequency of specific gastrointestinal conditions
across groups. Heat maps were constructed to
demonstrate the number of participants with
pain at specific locations in each of the three
pain groups at the initial visit separated by
gender (Fig. 3).

We performed additional comparisons
between the intermediate and widespread pain
subgroups (Table 2). Significantly higher anxi-
ety and anger symptoms were noted in men
with widespread pain. Among women, a sig-
nificantly higher proportion of patients with
widespread pain had more than one COPC or a
diagnosis of fibromyalgia. In addition, women
with widespread pain reported significantly
higher anger symptoms.

Follow-Up Visit

Figure 2 demonstrates the CBM pain distribu-
tion from the initial to follow-up visit. Overall,
27 patients (10.5%) progressed to a more wide-
spread pain category, 155 patients (60.0%)
remained in the same category, and 70 patients
(21.7%) moved to a more localized pain cate-
gory after 12 months. Table 3 reports charac-
teristics for the pain categories from initial to
follow-up visit. Overall, PROMIS pain interfer-
ence, depression, anxiety, and anger scores
remained stable over time for each pain cate-
gory. There appeared to be a trend in general
reductions in PCS scores across all pain category
groups at 12 months.

In multivariable ALR adjusted for age, gen-
der, race, ethnicity, depressive symptoms, anger
symptoms, and PCS score (Table4), higher
PROMIS pain interference scores were associ-
ated with widespread pain categorization at the
follow-up visit (AOR 1.06, 95% CI 1.02-1.10,
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Table 3 Summary of demographics, abdominal pain severity, and psychological measures at initial and follow-up visit

Initial visit

Follow-up visit"

Abdominal Intermediate Widespread Abdominal Intermediate Widespread
pain only pain only
Patients, 7 (%) 19 (7.4%) 83 (32.2%) 156 (60.5%) 42 (167%) 90 (35.7%) 120 (47.6%)
Age, mean years (SD) 36.0 (13.6) 479 (15.0) 465 (13.6) 458 (17.0) 469 (14.0)  45.5 (134)
Female, 7 (%) 17 (89.5%) 76 (91.6%) 143 (91.7%) 41 (97.6%) 83 (92.2%) 108 (90.0%)
Hispanic ethnicity, 7 (%) 2 (11.1%) 12 (145%) 20 (13.0%) 8 (19.5%) 10 (11.11%) 16 (13.6%)

Race, 7 (%)

White 14 (73.7%) 55 (66.3%)
American Indian or Alaskan 1 (5.3%) 1 (1.2%)
Native
Asian or Pacific Islander 0 (0.0%) 6 (7.2%)
African American 2 (10.5%) 4 (4.8%)
Other 1 (5.3%) 15 (8.1%)

Presence of > 1 chronic 1 (5.3%) 11 (13.3%)
overlapping pain condition,
n (%)

PROMIS T-score pain 64.1 (8.5) 65.8 (6.3)
interference, mean (SD)

PROMIS T-score depression, ~ 55.1 (10.4)  54.7 (10.9)
mean (SD)

PROMIS T-score anxiety, 54.2 (9.5) 55.8 (9.9)
mean (SD)

PROMIS T-score anger, mean  47.7 (9.0) 48.3 (10.1)
(SD)

PCS score, mean (SD) 21.2 (17.8) 21.6 (11.9)

110 (70.5%) 30 (71.4%) 61 (67.8%) 85 (70.8%)

3 (1.9%) 0 (0.0%) 3 (3.3%) 2 (1.7%)
8 (5.1%) 1 (2.4%) 5 (5.6%) 6 (5.0%)
7 (45%) 4 (9.5%) 6 (6.7%) 3 (2.5%)
27 (17.3%) 5 (11.9%) 14 (15.6%) 23 (19.2%)
43 (27.6%) 3 (7.14%) 16 (17.8%) 36 (30.0%)
678 (54) 645 (65) 654 (7.6)  68.1(53)
57.0 (8.8)  53.1 (9.8)  53.7 (9.6) 57.2 (9.4)
59.0 (9.2) 543 (85) 552 (94) 59.8 (9.0)
52.6 (9.7)  47.0 (99)  48.1 (10.5) 523 (10.0)
248 (11.8) 17.7 (129) 163 (125) 202 (13.5)

n number, SD standard deviation, PROMIS Patient-Reported Outcomes Measurement Information System, PCS Pain

Catastrophizing Scale

*Six patients did not complete the body map at the follow-up visit

P =0.002). Similarly, higher PROMIS anxiety
scores were associated with widespread pain
categorization at the follow-up visit (AOR 1.05,
95% CI 1.01-1.09, P =0.01). The presence of
more than one COPC at the initial visit was
associated with a significantly increased risk of
widespread pain categorization at the follow-up
visit (AOR 2.85, 95% CI 1.59-5.11, P = 0.0005).
As expected, initial visit widespread pain

categorization was associated with a signifi-
cantly increased risk of persistent widespread
pain at the follow-up visit (AOR 4.18, 95% CI
2.20-8.00, P < 0.0001).
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Table 4 Multivariable alternating logistic regression analysis of the association between pain and mood variables and

widespread pain categorization over time

Variable Unadjusted OR Adjusted OR® P value
(95% CI) (95% CI)
PROMIS T-score pain interference 1.06 (1.03-1.09) 1.06 (1.02-1.10) 0.002
PROMIS T-score anxiety 1.04 (1.02-0.106) 1.05 (1.01-1.09) 0.01
Presence of > 1 chronic overlapping pain condition at 2.79 (1.62-4.81) 2.85 (1.59-5.11) 0.0005
initial visit
Widespread pain categorization at initial visit 9.03 (5.31-15.18) 4.18 (2.20-8.00) < 0.0001

PROMIS Patient-Reported Outcomes Measurement Information System
*Adjusted for age, gender, race, ethnicity, PROMIS T-score depression, PROMIS T-score anger, and Pain Catastrophizing

Scale Score

DISCUSSION

In this study, the majority of patients referred to
a tertiary pain clinic reporting pain localized to
the abdomen also endorsed pain at multiple
other body sites. These trends continued after
12 months of treatment. Also all patients in the
study, who were not lost to follow-up, contin-
ued to report abdominal pain after 12 months
of pain treatment, demonstrating the refractory
nature of the abdominal pain. Of note, this
cohort is distinct from other diagnoses associ-
ated with widespread pain such as fibromyalgia.
The presence of chest, abdominal, and jaw pain
is not included in the definition of generalized
pain for fibromyalgia, and pain localized to the
abdomen is not required for the diagnosis of
fibromyalgia [32]. Our findings add to existing
research by characterizing longitudinal changes
in body map pain distribution among patients
with refractory chronic abdominal pain. We
reported a decreased proportion of patients with
widespread pain after 12 months of interdisci-
plinary pain treatment. Thus, reversal of wide-
spread pain is possible. However, the majority
of patients either remained in the same category
or reported more widespread pain at the follow-
up visit. Through adjusted ALR, we identified
the presence of more than one COPC at the
initial visit, increased pain interference, and
elevated anxiety as significant risk factors for
widespread pain despite pain treatment. In
addition, widespread pain at the initial visit was

a significant predictor of persistent widespread
pain after 12 months. Our study findings
emphasize the importance of screening for
widespread pain even if treatment is initially
sought for localized abdominal pain, as these
patients exhibit a refractory course.

At the initial visit, both women and men
reporting widespread pain were more likely to
report higher pain interference and anger.
Among women, higher frequencies of patients
with more than one COPC had more wide-
spread pain at the initial visit. Women with
interstitial cystitis or bladder pain syndrome
reporting widespread pain are more likely to
report increased pain severity, additional COPC
diagnoses including fibromyalgia, elevated
depressive symptoms, and worse quality of life
than women with only localized pelvic pain
[8, 13]. Similar to our findings, cross-sectional
analysis among men and women with urologic
chronic pelvic pain demonstrates increased
pain interference and a higher proportion of
patients with more than one COPC or
fibromyalgia diagnosis among patients with
widespread body pain symptoms [14]. Our data
add to these findings by noting an association
of more widespread pain categorization with
elevated anger symptoms.

Examination of the degree of pain distribu-
tion among patients with chronic abdominal
pain has been limited. Among children with IBS
or functional abdominal pain, the presence of
rectal hypersensitivity was not proportional to
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the degree of somatic pain distribution assessed
via body map, and other factors are likely to
contribute [33]. Rectal distension results in pain
at distant sites outside the S3 dermatome
among children diagnosed with IBS or func-
tional abdominal pain [34]. For children with
chronic abdominal pain, sensations were refer-
red to the T8 to L1 dermatomes [34]. These
findings may indicate abnormal projection of
sensations through sensitization of enteric
neurons, sensitization of spinal cord neurons,
and abnormal ascending modulation [34]. We
characterized somatic pain distribution among
adults reporting concurrent abdominal pain at
their initial visit, and similarly note a high
percentage of patients report pain symptoms
outside of the abdominal region.

Elevations in pain interference as a risk factor
for persistent widespread pain may be explained
in part by examining the co-occurring gas-
trointestinal diagnoses of our cohort. Among
women, any category of constipation (e.g.,
slow-transit, outlet dysfunction, drug-induced,
unspecified) diagnosis was most frequent.
Among adults meeting Rome Il IBS criteria
reporting abdominal pain in the previous week,
individuals with the IBS-constipation subtype
report significantly more bothersome abdomi-
nal pain, abdominal pain interference of daily
activities, and frequent abdominal pain epi-
sodes [35]. Thus, the higher percentage of
patients suffering from constipation may be
driving the association between generalized
pain interference and persistent widespread
pain in our cohort. Functional magnetic reso-
nance imaging reveals differences in brain acti-
vation between patients with constipation or
diarrhea-predominant IBS with distinct activa-
tion of the mid-cingulate cortex among patients
with  constipation-predominant IBS not
demonstrated in either healthy controls or
patients with IBS and diarrhea-predominant
symptoms [36]. Thus, a differential response to
visceral pain resulting from constipation com-
pared to other causes of abdominal pain may
underlie patient-reported pain outcomes in our
cohort. Since activation of the mid-cingulate
cortex is implicated in integration of negative
affect, pain, and cognitive control [37], patients
with constipation-predominant gastrointestinal

symptoms may be manifesting exaggerated
processing of emotions in response to visceral
pain [36].

COPCs describe a group of heterogeneous
pain conditions that often coexist in a patient
with a high degree of overlap. Patients with
COPCs report a higher degree of pain sensitiv-
ity, pain amplification, and psychosocial vul-
nerability [9, 10]. Failure of appropriately
diagnosing and treating these heterogeneous
conditions often leads to poor overall treatment
response [9].

The underlying mechanisms in the devel-
opment of COPCs have been postulated to
occur through peripheral or central sensitiza-
tion leading to widespread hyperalgesia. IBS is
associated with visceral hypersensitivity mani-
festing as decreased pain thresholds to gut dis-
tention. These patients also demonstrate
cutaneous hyperalgesia and other extraintesti-
nal symptoms suggesting abnormalities of cen-
tral nociceptive processing. Compared to
patients with IBS alone, those with both IBS and
fibromyalgia exhibit somatic hyperalgesia with
lower pain thresholds, and higher pain fre-
quency and severity [38]. Research further sug-
gests higher degrees of hyperalgesia present at
lumbosacral levels compared to cervical spinal
levels among patients with IBS, suggesting vis-
cerosomatic convergence also plays a role in the
abnormalities of central nociceptive processing
[38]. The presentation of pain both localized
and throughout the body differs between
patients with isolated IBS and those with
comorbid COPCs. Pain amplification and pro-
cesses mediating pain transmission and modu-
lation play a key role in the maintenance of
COPCs [7].

Psychosocial risk factors also play a role in
the evolution of COPCs, and many patients
suffering from these conditions report height-
ened depression and anxiety [39]. Psychosocial
stress and passive coping skills have also been
reported as risk factors. Specifically, among
patients free of IBS at baseline, high levels of
illness behavior, anxiety, sleep problems, and
somatic symptoms were significant indepen-
dent predictors of IBS onset [40]. Similarly, risk
factors for the development of chronic wide-
spread pain among children and adolescents in
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a primary care population include mental
health diagnoses and gastrointestinal issues
[41]. In an 11-year prospective, general popu-
lation cohort study, anxiety and mixed anxiety
and depression symptoms were significant pre-
dictors of persistent, chronic widespread pain
after a decade [19]. In contrast, isolated
depression symptoms did not predict persistent,
chronic widespread pain [19]. Similarly, we
report significant longitudinal associations
between elevated anxiety symptoms and
chronic widespread pain among patients with
comorbid abdominal pain. Future research in
larger cohorts is needed to understand the rel-
ative contributions of state and trait anxiety in
the persistence of widespread pain, and the
efficacy of interventions targeting anxiety to
reverse widespread pain symptoms among
patients with comorbid abdominal pain.

The degree of pain distribution is likely pro-
portional to the extent of central sensitization.
At present, no imaging diagnostics capture this
important dimension of chronic pain, and
assessment of pain severity alone is less likely to
distinguish this group of patients manifesting
centralized pain symptoms [14]. Concomitant
body pain mapping and screening for COPCs is
likely to identify patients at high risk for the
development of widespread pain over time.

To our knowledge, this is the first study to
evaluate changes in pain distribution patterns
over time to better characterize adult patients
reporting concurrent abdominal pain at high
risk for the progression to widespread pain. We
characterized associated mood disturbances in
patients with abdominal pain and examined
the associations of changes in multiple dimen-
sions of negative affect over time with the
development of widespread pain.

Limitations

The study was performed at a single center
which may impact its generalizability. Addi-
tionally, patients were referred to a tertiary pain
center, which may represent a referral bias as
these patients may have more refractory and
complex pain conditions. Also, by only includ-
ing patients with a follow-up visit, there may be

a selection bias for patients who did not get
better over time. We did not prospectively col-
lect data regarding interim pain treatments
patients received, which likely influenced the
spread of somatic pain. As a tertiary pain clinic,
referring providers are often provided treatment
recommendations. Thus, examination of the
electronic health record would be incomplete,
excluding data for patients prescribed medica-
tions or other treatments outside of the pain
clinic. Future work to identify beneficial treat-
ments for reversing widespread pain is needed.

The majority of patients in this study were
female, and future work is needed to replicate
these findings among male patients reporting
chronic abdominal pain. However, women are
disproportionately affected by chronic pain,
and are more likely to suffer from pain condi-
tions with greater severity and extended cour-
ses. This trend persists among patients with IBS
with an over-representation of female patients
in a 3-5:1 setting receiving tertiary care in
Western countries [42]. Female patients diag-
nosed with IBS are more likely to suffer
increased abdominal pain and discomfort
compared to their male counterparts [42].
Among women, earlier age at menarche is
associated with an increased risk of both
chronic abdominal pain and chronic wide-
spread pain, potentially highlighting the bio-
logic basis for sex differences in chronic pain
symptoms [43]. Thus, women with refractory
chronic abdominal pain are more likely to pre-
sent for treatment at a tertiary pain clinic, and
personalized interventions should be targeted
to this high-risk population. In addition,
women are more likely to develop chronic
overlapping pain conditions [44]. Despite the
preponderance of female patients in our study,
the association between persistent widespread
pain and elevated anxiety is consistent with
prior research demonstrating the association
between elevated anxiety and an increasing
number of comorbid chronic overlapping pain
conditions including IBS in a cross-sectional
cohort of women and men [44].
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CONCLUSIONS

Among patients presenting for tertiary pain care
reporting abdominal pain, greater pain inter-
ference, elevated anxiety, and chronic overlap-
ping pain diagnoses predispose patients to
widespread pain despite interdisciplinary pain
care. In addition, widespread pain at the initial
visit was a significant predictor of widespread
pain after 12 months in our study cohort. Our
study supports CBM pain categorization among
patients with abdominal pain symptoms. Clin-
ically categorizing patients with the CBM and
concurrent screening for COPCs is likely to
facilitate identification of higher-risk patients,
inform disease prognosis, and aid in develop-
ment of targeted pain interventions.
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