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INTRODUCTION: Hypoalgesic inflammatory bowel disease (IBD) may provide critical insights into human abdominal pain.

This condition was previously associated with homozygosity for a polymorphism (rs6795970, A1073V;

1073val/val) related to Nav1.8, a voltage-gated sodium channel preferentially expressed on nociceptors. It

was unclear whether this relationship existed for both Crohn’s disease (CD) and ulcerative colitis (UC).

This study evaluated a larger, carefully phenotyped IBD cohort to investigate this question.

METHODS: Allelic and genotypic frequencies of rs6795970 were compared among study cohorts characterized by

concomitant assessment of intestinal inflammatory status and abdominal pain experience. Visceral

sensory perception was performed in healthy individuals using rectal balloon distension.
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RESULTS: We analyzed 416 patients with IBD (261CD:155UC) and 142 healthy controls. In the IBD cohort, 84

individuals (43CD:41UC) were determined to have hypoalgesic disease. The allelic frequency of

rs6795970 was significantly higher in patients with hypoalgesic IBD when compared with other

patients with IBD and healthy controls. Patients with hypoalgesic IBD were also more likely to be

homozygous for this polymorphism when compared with other patients with IBD and healthy controls.

Hypoalgesic CD (30% vs 12%, P5 0.004) and hypoalgesic UC (32% vs 15%, P5 0.036) were each

significantly more likely to be associated with homozygosity for the rs6795970 polymorphism. In

a cohort of healthy individuals (n5 50), rs6795970 homozygotes (n511) also demonstrated reduced

abdominal discomfort to rectal balloon distension.

DISCUSSION: These findings indicate that Nav1.8 plays a key role in human visceral pain perception, and could serve

as a novel diagnostic target in the management of hypoalgesic CD and UC, and potential therapeutic

target for conditions associated with chronic abdominal pain.
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INTRODUCTION
Inflammatory bowel disease (IBD), which includes Crohn’s dis-
ease (CD) and ulcerative colitis (UC), describes chronic disorders
characterized by relapsing and remitting inflammation of the
gastrointestinal (GI) tract. IBD affects more than 3 million
Americans, most of whom are diagnosed at a relatively early age
(1). CD and UC are both life-long conditions that can be treated,
but that are currently incurable. Abdominal pain is described in
up to 70% of patients at the onset or during exacerbations of the
disease (2). It is also one of the primary reasons patients with IBD
seek medical attention (3), a key factor influencing their treat-
ment decisions (4), and a major determinant of healthcare cost
and resource utilization (5–8).

Importantly, however, the absence of abdominal pain in IBD
can also pose significant challenges. Individuals with hypoalgesic
IBD (also sometimes known as “silent” IBD) have grossly evident
intestinal inflammatory changes that do not result in painful or
clinically significant noxious sensations. Various estimates have
suggested that a third or more of IBD patients with active disease
will be asymptomatic or at least hypoalgesic (9–11). Hypoalgesic
IBD is important because this patient population is less likely to
seek appropriate medical attention (on a timely basis or ever) and
more likely to develop complications (e.g., strictures and fistulae)
and ultimately incur major healthcare costs, including hospital-
ization (10–12).

We previously described a voltage-gated sodium channel
(VGSC), Nav1.8, that appears to play an important role in
hypoalgesic IBD (12). Specifically, in a cohort carefully charac-
terized using concomitant pain survey data and endoscopically
determined disease activity, we revealed that patients with
hypoalgesic IBD were significantly more likely to demonstrate
homozygosity for the Nav1.8 gene (SCN10A) single nucleotide
polymorphism (SNP), rs6795970, compared with other patients
with IBD (12). In humans, this SNP produces a nonsynonymous
amino acid change (alanine at amino acid 1073 to valine in
SCN10A, A1073V) within an intracellular loop of the Nav1.8
channel. This was an intriguing finding, asNav1.8 is preferentially
expressed on sensory neurons associated with pain perception
(13). Separate studies have also revealed that homozygosity
for the rs6795970 SNP (1073val/val; homozygous minor allele) is
associated with somatosensory hypoalgesia (14) and reduced

abdominal pain scores in postsigmoidectomy patients (15). In
addition, there is evidence that the variant channel is functionally
altered (14,15). Thus, there is growing biological plausibility that
this Nav1.8 gene variant could play an important role in hypo-
algesic IBD and other conditions associated with altered pain
perception.

It remains unclear, however, whether this SNP is relevant to
both hypoalgesic CD and hypoalgesic UC. These conditions
represent pathophysiologically distinct sets of diseases, and the
causes of abdominal pain may vary tremendously among
patients. Questions also remain from previous studies regarding
the potential contribution that other demographic and clinical
variables have in this context, including age, sex, comorbid psy-
chiatric conditions, and medication use. No previous study had
objectively compared the visceral pain experience of individuals
genotyped based on this polymorphism. To further investigate
these issues, we undertook a prospective study evaluating large
cohorts of patients with CD and UC who had been genotyped
based on the presence or absence of rs6795970, carefully char-
acterizing their inflammatory status and concurrent abdominal
pain experience. We also evaluated the potential impact of this
polymorphism on visceral sensory perception in a pilot cohort of
healthy individuals who had undergone SCN10Agenotyping.We
hypothesized that both hypoalgesic CD and UC would be more
likely to exhibit homozygosity for the polymorphism onA1073V.
We also anticipated that individuals who were homozygous for
this variant would exhibit reduced visceral and somatosensory
pain to appropriate standardized stimuli.

METHODS
Study participant selection

We obtained relevant clinical and patient survey data from
individuals who had consented to take part in a prospective IBD
natural history registry and tissue biorepository associated with
the IBD Center at our institution (approved under protocols
PRAMSHY98-057 and STUDY00015545) and who had un-
dergone a colonoscopy between October 1, 2015, and September
30, 2022. We prospectively and consecutively enrolled all indi-
viduals who met the inclusion criteria and did not have the ex-
clusion criteria listed below. Our previous study demonstrated
homozygosity in approximately 45% of patients with hypoalgesic
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(silent) IBD and 20% of “other” patients with IBD (12). Based on
this finding (assuming a normal binomial distribution), we de-
termined that cohort sizes of n5 38 would provide at least 80%
power to detect the same incidences of rs6795970 homozygosity if
our statistical comparisonswere conducted at the 0.05 level. Thus,
we continued recruitment until both the hypoalgesic and other
subcohortswithin theCDandUCpatient groups each had at least
38 individuals.

Inclusion criteria. We included patients with established di-
agnoses of IBD (for at least 12 months) who had (i) undergone
a colonoscopy, (ii) completed a pain questionnaire (see below) at
the time of endoscopy, and (iii) provided a blood sample as part of
their participation in the registry and biorepository. In addition,
IBD study patients had tomeet the following criteria: (i) age equal
to or greater than 18 years; (ii) established diagnosis of IBD (either
CD or UC, based on standard clinical criteria incorporating
historical, laboratory, endoscopic, and histological evaluation);
(iii) no coexisting condition that could explain abdominal pain,
including pregnancy, trauma, non-IBD-associated malignancy,
infection or non-IBD-associated inflammatory disorder. We also
included a cohort of healthy adult control patients (age greater
than or equal to 18 years) who had no documented history of
chronicGI illness, current or recent abdominal pain, chronic pain
disorder, chronic neurological disorder or neuropathy, diabetes,
or current or recent (i.e., at the time or within 7 days of the clinical
encounter) analgesic usage.

Exclusion criteria.Patients with IBDwere excluded if they had an
indeterminate form of IBD, microscopic colitis, a form of in-
flammatory enteritis or colitis that was not associated with IBDor
had not provided information about abdominal pain at the time
of the ileocolonoscopy. Patients were also excluded if they had
undergone a total colectomy or proctocolectomy at any time or
any intra-abdominal surgery within the calendar year before the
time of the study encounter. Patients with UC who had un-
dergone any intestinal resection were excluded. Healthy controls
were excluded if they had a documented history of chronic GI
illness, current or recent abdominal pain, chronic pain disorder,
chronic neurological disorder or neuropathy, diabetes, or current
or recent (i.e., at the time or within 7 days of the clinical en-
counter) analgesic usage.

Characterization of intestinal inflammatory status

and complications

Disease severity and location were recorded for each IBD study
participant using contemporary endoscopic, histologic, and ra-
diologic information. CD and UC location and phenotype were
classified according to the Montreal Classification system (16).
The severity of UC disease activity was determined based on the
appearance of the mucosa at the time of endoscopy and charac-
terized using the Mayo Clinic endoscopy subscore (17). The se-
verity of CD was also determined by appearance at endoscopy
using the CD Simple Endoscopic Score (SES-CD) (17). Both the
Mayo score (ranging from 0 to 3, with 0 5 inactive, 1 5 mild
activity, 25moderate activity and 35 severe activity in UC) and
the SES-CD (ranging from 0 to 12 in 5 intestinal segments [the TI
and 4 colonic segments], with 0–6 indicating in remission ormild
disease, and scores of 7–12 as moderately to severely active dis-
ease) are based on Likert-type scales. For the purposes of this
study, we defined active UC as aMayo score of 2–3 and active CD

as a SES-CD of 7–12 in at least one intestinal segment. All com-
plications described were intra-abdominal/luminal in nature
(e.g., fistulae described were not perianal phenomena).

Abdominal pain assessment

Abdominal pain ratings were based primarily on responses to the
Short Inflammatory Bowel Disease Questionnaire (SIBDQ), that
asks patients to grade pain on a frequency-based inverse Likert
scale (“Howoften over the past 2weeks have you been troubled by
pain in the abdomen?”), with 1 representing pain all of the time
and 7 representing pain none of the time (18). We also asked
patients about abdominal pain severity (using a scale adopted
from the CD activity index (19)), with potential responses in-
cluding 0 [no abdominal pain], 1 [mild], 2 [moderate], and 3
[severe]). As we found in previous investigations (12,20), we
determined that abdominal pain frequency and intensity scores
closely correlated with one another (Pearson correlation,
r 5 20.73, P , 0.001). For the purposes of this study and to
increase the rigor of our analysis, we defined the presence of
clinically meaningful abdominal pain as SIBDQ pain ratings of#
5 (with 5 defined as a little of the time) or an abdominal pain
severity rating of . 1. In addition, the absence of clinically
meaningful abdominal pain was defined as a SIBDQ pain rating
of 6 or greater (hardly any or nopain over the prior 2week period)
and a severity rating of 0.

Determination of study cohorts

Three cohorts were evaluated in each of the genetic analyses
undertaken in associated with this study: (i) IBD patients (total,
CD, or UC) with active disease who had an SIBDQ pain score
of .5 (describing hardly any to no abdominal pain) (i.e., active
disease with no pain or hypoalgesic IBD), (ii) all other patients
with IBD (total, CD, or UC), and (iii) healthy controls. Basic
demographic and disease characteristics of each group are pre-
sented in Table 1. Of note, all patients identified as having active
disease had a Mayo or SES-CD score (in at least one bowel seg-
ment) of 2 or greater. In addition, inflammatory activity assess-
ments were based on consensus determinations provided by 3
expert endoscopists using the Mayo and SES-CD criteria de-
scribed above (MC, MW, KC). The interobserver concordance
rate (determining whether an individual had active or inactive
disease at the time of endoscopy) was 92%. If there was dis-
agreement in this assessment, the final determination was based
on the 2 matching scores. Of note, the experts determining in-
flammatory activity in each casewere blinded to these pain scores.

DNA isolation

High-quality genomic DNAwas isolated fromwhole blood using
silica-based spin columns (QIAmp DNeasy Blood & Tissue Kit,
Qiagen, Hilden, Germany). Spectrophotometry was used to
quantify DNA, and the quality of the isolated material was eval-
uated with an Agilent Bioanalyzer.

TaqMan SNP genotyping

Genotype analysis of all IBD and healthy control samples de-
scribed above was performed with commercially available Taq-
Man assays using theOpenArray platform on aQuantStudio 12K
Flex instrument (Thermo Fisher Scientific; formerly Life Tech-
nologies, Grand Island, NY). This analysis was performed on the
SNP rs6795970 (PN4351376; Thermo Fisher Scientific). Twenty
nanograms of genomic DNA were amplified per the
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manufacturer’s directions and scaled to a total volume of 5 mL in
an Applied Biosystems Veriti 384-well thermal cycler. As a rou-
tine quality control, 10% of the patient samples were subjected to
independent (and investigator-blinded) DNA sequencing of
gene-specific amplicons containing the polymorphic site. There
was 100% concordancewith the TaqMan SNP genotyping results.

Visceral sensory testing

To further objectively assess the potential impact of the poly-
morphism above on visceral sensory function, we performed
barostatic rectal balloon distension (RBD) in a pilot cohort of 50
consecutively enrolled healthy controls (as defined above). This
study was approved by the Institutional Review Board
(STUDY00010688). We chose this sample size based on the
reported incidence of rs6795970 homozygosity in the general
population (eg, approximately 15%–25%) and the likelihood of

recruiting at least 10 individuals for each of our homozygous and
other cohorts, as this was a thresholdwhichwe determinedwould
provide us with at least 65% power for a Student t-test conducted
at alpha5 0.05 to detect an effect size similar to that reported in
Duan et al. (14) Of note, due to challenges associated with re-
cruitment for this testing, we could not perfectly match the de-
mographic characteristics of these particular study patients to
those of the IBD cohort. All subjects underwent a bowel prepa-
ration (Fleet phosphate enema, self-administered at least 1 hour
before the testing) and an overnight fast. A customized rectal
barostat catheter (MUI Scientific) attached to a 600 mL poly-
ethylene bag (MUI Scientific) was inserted into the rectum so that
the middle of the balloon was located approximately 10 cm from
the anal verge. To decrease the effects of abdominal viscera on the
balloon volume, patients were placed in a semi-prone position
and the foot of the bed elevated 15°. The bagwas then unfolded by

Table 1. Demographic and clinical characteristics of the hypoalgesic and other IBD cohorts

Variable Hypoalgesic IBD Other IBD P value

Cohort (% women) 84 (38.1%) 332 (58.1%) ,0.001

Age (yr) 46.3 6 1.9 43.1 6 0.8 0.10

BMI 25.9 6 0.6 29.0 6 0.9 0.10

Race (AI-AN/Asian/BoAA/White) 1/4/4/75 4/17/25/286 0.84

Disease type (CD/UC) 43/41 218/114 0.01

Disease duration (yr) 10.1 6 1.1 12.5 6 0.6 0.06

Any history of EIM 31 (36.9%) 187 (56.3%) 0.002

SIBDQ 57.361.5 44.360.7 ,0.001

Pain scores (SIBDQ4 5 6/SIBDQ4 5 7) 32/52

Laboratory studies

WBC (103 cells/mm3) 8.66 0.4 7.96 0.2 0.14

ESR (mm/hr) 19.7 6 2.6 18.4 6 1.3 0.58

CRP (mg/dL) 1.6 6 0.3 1.36 0.1 0.52

Current IBD medications

Corticosteroid 6 (7.1%) 43 (13.0%) 0.14

Mesalamine 32 (38.1%) 66 (19.9%) ,0.001

Immunomodulator 26 (31.0%) 77 (23.2%) 0.16

Biologic 44 (52.4%) 208 (62.6%) 0.10

Active pain medication/substance use

Tobacco use 9 (10.7%) 35 (10.5%) 1.0

Alcohol use 27 (32.1%) 87 (26.2%) 0.28

Cannabis use 2 (2.4%) 22 (6.6%) 0.19

Illicit drug use 4 (4.8%) 20 (6.0%) 0.80

NSAID use 14 (16.7%) 56 (16.9%) 1.0

Opioid use 2 (2.4%) 42 (12.7%) 0.005

Other pain medication use 20 (23.8%) 148 (44.6%) 0.0001

Symptoms of anxiety/depression 21 (25.0%) 178 (53.6%) ,0.0001

Antidepressant/anxiolytic use 9 (10.7%) 117 (35.2%) ,0.0001

AI-AN, American Indian-Alaska Native; BMI, body mass index; BoAA, Black or African American; CD, Crohn’s disease; CRP, C-reactive protein; EIM, extraintestinal manifestation;
ESR, sedimentation rate; IBD, inflammatory bowel disease; NSAID, nonsteroidal anti-inflammatory drug; SIBDQ, Short Inflammatory Bowel Disease Questionnaire; SIBDQ4, SIBDQ
Pain Score (note: a SIBDQ4 score of 6 indicates abdominal pain hardly any of the time over the prior 2 wk period, while a score of 7 indicates no pain); UC, ulcerative colitis.
Items in bold-italics demonstrated statistically significant differences from one another.
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inflating it with 75 mL of air and then deflating it completely.
After a 10–15-minute recovery period, the catheter was con-
nected to a barostat (G&J Electronics Inc). Baseline operating
pressure (BOP) was then determined as previously described
(21,22). The bag was then deflated to 0mmHg, and subjects were
allowed to rest for 10 minutes before proceeding to the following
assessments.

Sensory threshold assessment. Sensory thresholdsweremeasured
by ramp inflation, starting at 0 mmHg and increasing in steps of
4 mm Hg for 1 minute per step to a maximum of 60 mm Hg.
Thresholds for first sensation, urgency, discomfort, and painwere
determined by patients pressing a button at the distension pres-
sure at which sensations were perceived. Ramp inflation was
terminated as soon as the subjects reported the first sensation of
pain. After this procedure, the bag was deflated to BOP and the
subjects allowed to rest.

Phasic distensions and sensory ratings. Phasic distensions of 12,
24, 36, and 48 mm Hg above BOP were each applied once in
random order. Each distension was maintained for 60 seconds
with an interstimulus interval of 2 minutes during which the
balloon will be deflated to BOP. Subjects were asked to mark on
a 100 mm visual analog scale 30 seconds after the onset of the
distension for the sensation of discomfort (or pain if that was
experienced). These scales will be anchored at each end by the
descriptions “unnoticeable” and “unbearable”. Study patients
were blinded to the distension order. Study personnel were
blinded to patient genotype. Of note, during the assessment of
sensation, interaction between the subject and the study in-
vestigator will be kept to a minimum.

Statistical analysis

Patients’ baseline and clinical characteristics were summarized as
descriptive statistics. The Fisher exact test was used to compare

categorical variables between groups, and a Monte Carlo version
of the Fisher exact test was applied when analyzing contingency
tables with at least 3 rows or columns. To ensure reproducibility
of results, a random seed was set when applying the Monte Carlo
version of the Fisher exact test. The Student t-test or Wilcoxon
rank-sum and Kruskal-Wallis tests were used to compare con-
tinuous variables between groups as appropriate. Odds ratios and
corresponding 95% confidence intervals were computed using
epitools R package (Tomas J. Aragon [2020] epitools: Epidemi-
ology Tools. R package version 0.5–10.1; https://CRAN.R-pro-
ject.org/package5epitools). Specifically, the odds ratio() function
was applied with theWald option. Data analyses were performed
using GraphPad Prism v.8.0 (La Jolla, CA) or RStudio Team
(RStudio: Integrated Development Environment for R. RStudio,
PBC, Boston, MA, http://www.rstudio.com/). All P values of less
than 0.05 were considered statistically significant.

RESULTS

IBD and healthy control cohort characteristics

We initially identified 450 individuals with IBD who provided
blood samples, completed the surveys and underwent concurrent
endoscopic examination. A total of 34 individuals were sub-
sequently excluded (Figure 1). Thus, we eventually evaluated 416
consecutively recruited patients with IBD (261 CD, 155 UC; 223
women, 193men)whoprovided blood samples forDNAanalysis,
while also completing concomitant clinical surveys and received
endoscopic evaluation to permit determination of current ab-
dominal pain experience and IBD-associated disease activity
(Table 1).We also recruited 142 healthy controls. In the total IBD
cohort, 84 patients (20.2%) were identified as having hypoalgesic
IBD, while the remaining 332 patients were classified in the other
IBD category. The hypoalgesic and other IBD cohorts had sta-
tistically similar mean ages and mean disease durations.
Participant-reported race was also similar between the cohorts.
The hypoalgesic IBD cohort was significantly more likely to be
male compared with the other IBD and healthy control cohorts
(Table 1). Patients with IBD made up most of each IBD cohort,
though they made up a lower proportion of the hypoalgesic IBD
cohort. There were no significant differences in disease location
(using the Montreal Classification system (16)) in the CD or UC
patient cohorts when comparing the hypoalgesic and other IBD
cohorts. The mean SIBDQ, Harvey-Bradshaw Index (CD only),
and Simple Clinical Colitis Activity Index (UC only) scores were
each significantly different between the IBD cohorts (Tables 1, 3
and 5). The mean white blood cell count (WBC), erythrocyte
sedimentation rate (ESR), and C-reactive protein (CRP) were
statistically similar between the IBD cohorts. In addition, there was
no significant difference in the use of immunomodulator (IMM) or
biologic/small molecule medications between the IBD cohorts, but
the hypoalgesic IBD cohort was more likely to use mesalamine.
Patients with hypoalgesic IBD were significantly less likely to have
developed an extraintestinal manifestation (EIM) of IBD (Table 1).

Patients with hypoalgesic IBD were significantly less likely to
exhibit clinically significant anxious or depressive symptoms or to
use antidepressant/anxiolytic medication (Table 1). Patients with
hypoalgesic IBD and other patients with IBD had similar like-
lihoods of using tobacco, alcohol, and illicit drugs (e.g., heroin,
methamphetamine, cocaine) (Table 1). Patients with hypoalgesic
IBD were significantly less likely to use opioids or analgesic
medications of any kind (Table 1).

Figure 1. Study recruitment. Hypoalgesic IBD is defined as Mayo . 1 (in
ulcerative colitis) or CD Simple Endoscopic Score. 6 (in Crohn’s disease)
with concomitant Short Inflammatory Bowel Disease Questionnaire pain
score of. 5 or abdominal pain severity score of, 2. CD, Crohn’s disease;
IBD, inflammatory bowel disease; UC, ulcerative colitis.
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Allelic and genotypic comparison of the IBD and healthy

control cohorts

Table 2 presents the homozygotic and allelic frequencies of the
SNP rs6795970 in each of the hypoalgesic IBD, other IBD, and
healthy control cohorts. Of note, the mean allelic frequency for
rs6795970was 42.2%, and the total evaluated cohort was found to
be in Hardy-Weinberg equilibrium when considering this poly-
morphism (Χ2 5 0.077). The hypoalgesic IBD cohort had sig-
nificantly higher allelic and homozygotic frequencies for the
rs6795970 polymorphism when compared with the other IBD
and healthy control cohorts.

CD cohort characteristics

We evaluated the same clinical and demographic characteristics
described above in both the CD and UC subcohorts. In the CD
cohort (148 women, 113 men), 43 individuals (16.5%) were de-
termined to have the hypoalgesic phenotype (Table 3). There was
a significantly higher proportion of men in the hypoalgesic CD
cohort when compared with the other CD group and the healthy
controls. In CD, as with the total IBD cohort, there was no sig-
nificant difference in age, disease duration, or race between the
hypoalgesic and other cohorts. Of note, the hypoalgesic CD co-
hort was significantly more likely to develop intra-abdominal
fistulae when compared with the other CD cohort. As previously
indicated, the mean SIBDQ and Harvey-Bradshaw Index scores
were significantly different between the hypoalgesic and other CD
cohorts (Table 3). However,measures of inflammation, including
theWBC, ESR, andCRP,were all also statistically similar between
the CD cohorts. Mesalamine, IMM, biologic, and corticosteroid
medication use were also similar between the IBD cohorts.

Patients with hypoalgesic CD were significantly less likely to
exhibit clinically significant anxious or depressive traits or to
use antidepressant/anxiolytic medication (Table 3). Patients
with hypoalgesic CD and other patients with CD had similar
likelihoods of using tobacco, alcohol, cannabis/cannabis
derivatives, and illicit drugs. Patients with hypoalgesic CD
were significantly less likely to use opioids or other analgesic
medications (Table 3).

Allelic and genotypic comparison of the CD cohorts

Table 4 presents the homozygotic and allelic frequencies of the
SNP rs6795970 in each of the hypoalgesic CD and other CD
cohorts. The hypoalgesic CD cohort had a significantly higher
homozygotic and allelic frequency for the rs6795970 poly-
morphism when compared with the other IBD cohort (Table 4).

UC cohort characteristics

In the UC cohort (75 women, 80 men), 41 individuals (26.4%) were
determined to have the hypoalgesic phenotype (Table 5). Unlike with
the total IBD and CD cohorts, sex distribution was not significantly
different among the hypoalgesic UC, the other UC group, and the
healthy control cohorts. There was no significant difference in age or
race between the UC cohorts. As with the CD cohorts, the mean
SIBDQ and Simple Clinical Colitis Activity Index scores were signif-
icantly different between the hypoalgesic and other UC cohorts
(Table 5). However, the mean values for the inflammatory markers,
WBC, ESR, andCRP,were all also statistically similar between theUC
cohorts. Of note, the relative proportions of patients with hypoalgesic
UC reporting SIBDQ pain scores of 6 and 7 (14 and 27, respectively)
were similar to those reported in the hypoalgesic CD cohort (18 and
25, respectively) (P 5 0.507) (Tables 3 and 5). Patients with hypo-
algesic UC were more likely to use mesalamine but had statistically
similar rates of IMM, biologic, and corticosteroid medication use
when compared with the other UC cohort. Patients with hypoalgesic
UC were less likely to have developed an EIM of IBD (Table 5).

Patients with hypoalgesic UCwere also significantly less likely
to exhibit clinically significant anxious or depressive traits or to
use antidepressant/anxiolytic medication (Table 5). Patients with
hypoalgesic UC and other patients with UC had similar like-
lihoods of using tobacco, alcohol, cannabis, and illicit drugs.
Patients with hypoalgesic UC had similar rates of nonsteroidal
anti-inflammatory drug and opioid use compared with other
patients with UC, but they were significantly less likely to use
other pain medications as a whole (Table 5).

Allelic and genotypic comparison of the UC cohorts

Table 6 presents the homozygotic and allelic frequencies of the
SNP rs6795970 in each of the hypoalgesic UC and other UC
cohorts. The hypoalgesic UC cohort had a significantly higher
homozygotic frequency for the rs6795970 polymorphism when
compared with the other IBD cohort (Table 6). Allelic frequency
of the SNP also trended toward being higher in the hypoalgesic
UC cohort (P 5 0.052).

Visceral sensory testing

As described above, we performed RBD in a cohort of 50 healthy
individuals (20 women, 30 men; mean age 54.2 years). Eleven
were subsequently found to be homozygous for rs6795970, while
39 individuals exhibited the heterozygous or wild-type genotype.

Figure 2a demonstrates the findings associated with sensory
threshold testing in the homozygotes and heterozygote/wild-type

Table 2. Genotypic and allelic frequencies of the SCN10A polymorphism, rs6795970, in the IBD and healthy control cohorts

Genotype Hypoalgesic IBD (n5 84) Other IBD (n 5 332) Healthy controls (n5 142) P value

A/A (1073Val/Val) 26 (31.0%) 42 (12.7%) 25 (17.6%) 0.0003

A/G (1073Val/Ala) or G/G (1073Ala/Ala) 58 (69.0%) 290 (87.3%) 117 (82.4%)

Allele

A (valine) 85 (50.6%) 248 (37.3%) 118 (41.5%) 0.007

G (alanine) 83 (49.4%) 416 (62.7%) 166 (58.5%)

Frequencies are listed as number of subjects (% of subcohort). The homozygous genotype (A/A) for the rs6795970 polymorphism and the frequency of this polymorphic
allele were each significantly more common in the hypoalgesic IBD cohort.
A, rs6795970 polymorphism(c.3218G.A); G, wild type; IBD, inflammatory bowel disease.
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cohorts. No significant differences were identified in the mean
threshold pressure values for first sensation, fecal urgency, ab-
dominal discomfort, or abdominal pain.

Figure 2b demonstrates the results associated with phasic
distension and sensory rating testing. The homozygote cohort
exhibited a significantly lower mean reported visual analog scale

Table 3. Demographic and clinical characteristics of the hypoalgesic and other CD cohorts

Variable Hypoalgesic CD Other CD P value

Cohort (% women) 43 (37.2%) 218 (60.6%) 0.005

Age (yr) 46.3 6 1.9 43.1 6 0.8 0.10

BMI 25.6 6 0.8 28.8 6 1.2 0.14

Race (AI-AN/Asian/BoAA/White) 0/2/3/38 3/13/20/182 0.80

Disease location (Montreal)

L1 7 (16.3%) 62 (28.4%) 0.33

L2 11 (25.6%) 38 (17.4%)

L3 25 (58.1%) 118 (54.2%)

L4 2 (4.7%) 11 (5.0%)

Crohn’s disease behavior (Montreal)

Nonstricturing/nonpenetrating (B1) 11 (25.6%) 85 (39.0%) 0.08

Stricturing (B2) 14 (32.6%) 75 (34.4%) 0.82

Penetrating (B3) 18 (41.8%) 58 (26.6%) 0.04

Disease duration (yr) 10.7 6 1.4 12.8 6 0.7 0.31

Any history of EIM 20 (46.5%) 134 (61.5%) 0.09

Short Inflammatory Bowel Disease Questionnaire 57.861.5 44.760.9 ,0.001

Pain scores (SIBDQ4 5 6/SIBDQ4 5 7) 18/25

Harvey-Bradshaw Index 3.360.4 6.960.3 ,0.001

Prior history of surgery (CD) 18 (41.8%) 101 (46.3%) 0.62

Laboratory studies

WBC (103 cells/mm3) 8.46 0.6 7.86 0.3 0.57

ESR (mm/hr) 17.8 6 3.3 17.9 6 1.7 0.73

CRP (mg/dL) 1.6 6 0.5 1.26 0.1 0.70

Current IBD medications

Corticosteroid 1 (2.3%) 24 (11.0%) 0.08

Mesalamine 7 (16.3%) 28 (13.1%) 0.62

Immunomodulator 17 (39.5%) 55 (25.2%) 0.06

Biologic 29 (67.4%) 153 (70.2%) 0.72

Active pain medication/substance use

Tobacco use 5 (11.6%) 25 (11.6%) 1.0

Alcohol use 15 (34.9%) 53 (24.3%) 0.18

Cannabis use 1 (2.3%) 16 (7.3%) 0.32

Illicit drug use 3 (7.0%) 12 (5.5%) 0.72

NSAID use 8 (18.6%) 29 (13.3%) 0.35

Opioid use 0 (0.0%) 26 (11.9%) 0.01

Other pain medication use 10 (23.3%) 91 (41.7%) 0.03

Symptoms of anxiety/depression 13 (30.2%) 120 (55.0%) 0.004

Antidepressant/anxiolytic use 4 (9.3%) 84 (38.5%) ,0.001

Individuals with L4 (Crohn’s disease of the upper gastrointestinal tract) could exhibit this disease distribution in addition to disease at other sites in the gut.
AI-AN, American Indian-Alaska Native; BMI, bodymass index; BoAA, Black or AfricanAmerican; CD, Crohn’s disease; CRP, C-reactive protein; EIM, extraintestinalmanifestation;
ESR, sedimentation rate; NSAID, nonsteroidal anti-inflammatory drug; IBD, inflammatory bowel disease; SIBDQ, Short Inflammatory Bowel Disease Questionnaire; SIBDQ4, SIBDQ
Pain Score (note: a SIBDQ4 score of 6 indicates abdominal pain hardly any of the time over the prior 2 wk period, while a score of 7 indicates no pain).
Items in bold-italics demonstrated statistically significant differences from one another.
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score compared with the heterozygote/wild-type cohort at each
pressure except at 48 mm Hg.

DISCUSSION
Hypoalgesic, or silent, IBD is relatively common and uniquely
impactful. We demonstrated here, and in previous studies
(11,12), that individuals with this condition are at increased risk
of serious complications, including the development of strictures
and intra-abdominal fistulae. Patients with IBD and their
healthcare providers need more refined and effective methods to
identify those at risk of this condition, to monitor these indi-
viduals more intensively and to reduce the risk of complications
like those referenced above. This study addresses this issue in
several ways, as it provides further evidence of the critical role that
NaV1.8 has in human visceral pain perception, and of the impact
that the rs6795970 polymorphism has on that function. Our
findings confirmed that homozygosity for this polymorphism is
significantly associated with hypoalgesia in IBD. This is the first
study to demonstrate that homozygosity for this SNP is also
significantly more likely in both hypoalgesic CD and UC when
compared with nonhypoalgesic IBD cohorts and healthy con-
trols. Considering these findings, we believe that rs6795970 could
be used as a tool to screen for individuals with hypoalgesic IBD.

This study is also important because it represents the largest
investigation of hypoalgesic IBD, to date. This is also the largest
prospective study of this patient population and the largest ge-
netic analysis performed in this cohort. In addition, this study
reinforced previous findings that characterize the hypoalgesic
IBD cohort (11,12). For example, we demonstrated that patients
with hypoalgesic IBD are less likely to use pain medications (e.g.,
opioids and other analgesic agents). We again demonstrated that
patients with hypoalgesic IBDare older andmore likely to bemale
while being less likely to exhibit EIM of IBD. They are also less
likely to exhibit concomitant anxiety and/or depression, or var-
iations in disease type, complications, and severity. As indicated
previously, we found that patients with hypoalgesic CD were also
more likely to exhibit certain IBD-associated complications (e.g.,
intra-abdominal fistulae). In addition, in a healthy control cohort, we
demonstrated that individuals exhibiting homozygosity for rs6795970
reported reduced perceived abdominal discomfort to RBD.

As indicated above, these results are similar to those of pre-
vious investigations in a variety of ways. First, the mean allelic
frequency for rs6795970 in our study population was 42.2%. This
is similar to other previous reports (e.g., 1000 Genomes Project
mean allelic frequency5 38% (23,24)). In addition, these findings
reinforce those of our previous study performed in a smaller
cohort of individuals with IBD, which demonstrated that

homozygosity for rs6795970was significantlymore likely in those
demonstrating hypoalgesia (12). In a previous study of hypo-
algesic IBD, we also demonstrated a significant association with
older age, male sex, and the development of IBD-associated
complications (including intra-abdominal fistulae), along with
an inverse association with coexistent EIM of IBD, anxiety/
depression, use of antidepressants and anxiolytics, and use of
opioids or analgesic medications (11). These characteristics are
particularly relevant when considering that the major variables
assessing IBD disease type, extent, and severity were statistically
similar. They also support the idea that patients with hypoalgesic
IBD are not hypoalgesic because of a disproportionality of
analgesic use and/or because they harbor a less severe disease
phenotype.

The findings of this study are novel for several reasons. While
other investigations have linked VGSC-associated SNPs and
disorders of brain-gut interaction, including irritable bowel
syndrome (NaV1.5 (25)) and functional dyspepsia (NaV1.8 (26)),
our initial study and the results reported here are the first to
describe an association between aVGSC gene polymorphism and
an IBD-associated visceral pain phenotype. This is the only ge-
netic factor specifically linked with hypoalgesic IBD or any other
visceral hyposensitivity disorder that we are aware of. In addition,
this is the only study to have objectively evaluated visceral sensory
experience in humans genotyped based on the rs6795970 poly-
morphism. It is also one of the few studies to have demonstrated
diminished visceral sensory perception in any population. Im-
portantly, based on our previous studies, the association only
appears to exist for individuals who are homozygotic for this SNP,
suggesting that a single nonpolymorphic gene copy is sufficient to
abrogate hypoalgesia.

Our investigation reveals important insights about the phys-
iology underlying human visceral pain sensation. Specifically, it
adds to the growing evidence that the rs6795970 polymorphism
and the associated NaV1.8 channel have significant influence on
human visceral pain perception. NaV1.8 is particularly relevant in
this context because it is primarily expressed in the peripheral
nervous system and appears to play a critical role in the trans-
mission of pain-related signals (13). The rs6795970 poly-
morphism is notable because it encodes a nonsynonymous amino
acid substitution (alanine at amino acid 1073 to valine, A1073V)
on an intracellular loop in theNaV1.8membrane protein. Thus, it
is very possible that this polymorphism results in significant
changes in biophysical function of the NaV1.8 protein. In support
of this hypothesis, we and others have demonstrated that the
rs6795970 variant results in an electrophysiologically modified
channel associatedwith altered activation characteristics that lead

Table 4. Genotypic and allelic frequencies of the SCN10A polymorphism, rs6795970, in Hypoalgesic and Other CD cohorts

Genotype Hypoalgesic CD (n 5 43) Other CD (n 5 218) Odds ratio (confidence interval) P value

A/A (1073Val/Val) 13 (30.2%) 25 (11.4%) 3.35 (1.56,7.05) 0.004
A/G (1073Val/Ala) or G/G (1073Ala/Ala) 30 (69.8%) 193 (88.6%)

Allele

A (valine) 42 (48.8%) 157 (36.0%) 1.70 (1.07, 2.67) 0.03
G (alanine) 44 (51.2%) 279 (64.0%)

Frequencies are listed asnumber of subjects (%of subcohort). Thehomozygous genotype (A/A) for the rs6795970polymorphismwasmore common in thehypoalgesicCDcohort.
A, rs6795970 polymorphism(c.3218G.A); CD, Crohn’s disease; G, wild type.
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to reduced firing of dorsal root ganglion neurons (14,15,23). The
variant channel has also been associated with diminished so-
matosensory pain perception (14,15). In this study, both the
hypoalgesic CD and UC patient cohorts were significantly more
likely to exhibit homozygosity for the rs6795970 polymorphism.
Although they are both categorized as forms of IBD, CD, and UC
are pathophysiologically distinct conditions that are themselves
composed of heterogeneous disorders that manifest through
myriad inflammatory pathways which just happen to share

phenotypic and symptomatic traits. Some of these shared
symptoms, including abdominal pain, can manifest as a result of
several factors that do not necessarily overlap between the con-
ditions (e.g., stricturing, viscous stretch, disease location and
extent). The fact that abdominal pain in both CD and UC is
affected by the rs6795970 polymorphism strongly suggests that
NaV1.8 plays a fundamental role in visceral and maybe all pain
perception. This concept is bolstered by our demonstration that
healthy human beings exhibiting homozygosity for this variant

Table 5. Demographic and Clinical Characteristics of the Hypoalgesic and Other UC cohorts

Variable Hypoalgesic UC Other UC P value

Cohort (% women) 41 (39.0%) 114 (51.8%) 0.16

Age (yr) 48.1 6 2.6 46.1 6 1.4 0.48

BMI 26.2 6 0.7 29.2 6 1.2 0.15

Race (AI-AN/Asian/BoAA/White) 1/2/1/37 1/4/5/104 0.79

Disease location (Montreal)

E1 3 (7.3%) 7 (6.1%) 0.68

E2 9 (22.0%) 33 (28.9%)

E3 29 (70.7%) 77 (65.0%)

Disease duration (yr) 9.4 6 1.6 11.9 6 0.9 0.17

Any history of EIM 11 (26.8%) 53 (46.5%) 0.03

Short Inflammatory Bowel Disease

Questionnaire

56.761.9 43.661.4 ,0.001

Pain scores (SIBDQ4 5 6/SIBDQ4 5 7) 14/27

Short Clinical Colitis Activity Index 2.760.4 4.660.3 0.002

Laboratory studies

WBC (103 cells/mm3) 8.86 0.6 8.26 0.4 0.16

ESR (mm/hr) 22.0 6 4.1 19.3 6 2.0 0.73

CRP (mg/dL) 1.5 6 0.5 1.66 0.3 0.60

Current IBD medications

Corticosteroid 5 (12.2%) 19 (16.7%) 0.50

Mesalamine 25 (61.0%) 38 (33.3%) 0.003

Immunomodulator 9 (22.0%) 22 (19.3%) 0.82

Biologic 16 (39.0%) 54 (47.4%) 0.36

Active pain medication/substance use

Tobacco 4 (9.8%) 10 (8.8%) 0.99

Alcohol 12 (29.3%) 34 (29.8%) 1.0

Cannabis 1 (2.4%) 6 (5.3%) 0.68

NSAID 6 (14.6%) 27 (23.7%) 0.27

Opioid 2 (4.9%) 16 (14.0%) 0.16

Illicit drug 1 (2.4%) 8 (7.0%) 0.45

Other pain medications 10 (24.4%) 57 (50.0%) 0.006

Symptoms of anxiety/depression 8 (19.5%) 58 (50.9%) ,0.001

Antidepressant/anxiolytic use 5 (12.2%) 33 (28.9%) 0.04

AI-AN, American Indian-Alaska Native; BMI, body mass index; BoAA, Black or African American; CRP, C-reactive protein; EIM, extraintestinal manifestation; ESR,
sedimentation rate; NSAID, nonsteroidal anti-inflammatory drug; IBD, inflammatory bowel disease; SIBDQ, Short Inflammatory Bowel Disease Questionnaire; SIBDQ4,
SIBDQPain Score (note: a SIBDQ4 score of 6 indicates abdominal pain hardly any of the time over the prior 2 wk period, while a score of 7 indicates no pain); UC, ulcerative
colitis.
Items in bold-italics demonstrated statistically significant differences from one another.
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demonstrate diminished discomfort as a result of RBD. In other
words, while this SNP is certainly relevant to pain experience in
IBD, it is not necessarily specific to this condition. IBD simply
appears to serve as a convenient backdrop on which to study
NaV1.8 function and the physiological effects of this particular
genetic variant.

Potential limitations of this study include the fact that all of the
patients were derived from a single tertiary medical center. In
addition, our designation of each study participant’s IBD phe-
notype was based on endoscopic assessments and survey
responses made from a single clinical encounter. It would be
helpful to determine how consistent our clinical determinations
were over multiple time points. It would also be useful to evaluate
other disorders associated with chronic abdominal pain, in-
cluding brain-gut disorders, such as irritable bowel syndrome.
The visceral sensory testing we performed evaluated a relatively
small cohort of homozygous patients and did not include explicit
evaluation of fecal urgency. Finally, we did not have the oppor-
tunity to perform visceral sensory testing in our IBD cohorts.
Although validated surveys were used to provide information
about patient abdominal pain experience in our IBD cohort, there
was no objective measure of visceral nociceptive perception. It
will be important to pair this type of analysis with more objective
assessments of abdominal pain experience (e.g., visceromotor
response to RBD).

In spite of the limitations described above, the results of this
study provide additional compelling evidence that NaV1.8 has
a critical role in human visceral nociceptive function. In the fu-
ture, it will be important to investigate IBD cohorts longitudi-
nally, to determine whether patient pain and symptom
experience vary over time. It would also be useful to simulta-
neously investigate other GI conditions associated with alter-
ations in visceral sensation (e.g., irritable bowel syndrome), to
evaluate whether the impact of this polymorphism is limited to
inflammatory conditions of the gut. Similarly, it will be interesting
to evaluate other conditions associated with hypoalgesia (e.g.,
silent gastroesophageal reflux disease, silent pancreatitis, etc.) to
determine whether they were also associated with this SNP.
Evaluating the pathophysiological relationship between this SNP,
NaV1.8 function, and visceral nociception through further
mechanistic studies will also be critical. Finally, other factors
(including age and sex) appear to have a significant role related to
visceral pain perception in the setting of IBD. Thus, it will be
important to clarify how these, and other variables, specifically
influence nociception in this setting.

In summary, the findings of this study further substantiate the
significant role that the SCN10A SNP, rs6795970, has in hypo-
algesic IBD, including in both hypoalgesic CD and UC, and vis-
ceral pain perception in general. This information could be used
to develop novel tools, including genetic tests, to identify patients

Table 6. Genotypic and allelic frequencies of the SCN10A polymorphism, rs6795970, in the UC cohorts

Genotype Hypoalgesic UC (n 5 41) Other UC (n 5 114) Odds ratio (confidence intervals) P value

A/A (1073Val/Val) 13 (31.7%) 17 (14.9%) 2.65 (1.113, 5.977) 0.036
A/G (1073Val/Ala) or G/G (1073Ala/Ala) 28 (68.3%) 97 (85.1%)

Allele

A (valine) 43 (52.4%) 91 (39.9%) 1.66 (0.999, 2.759) 0.052
G (alanine) 39 (47.6%) 137 (60.1%)

Frequencies are listed as number of subjects (%of subcohort). The homozygous genotype (A/A) for the rs6795970polymorphismwasmore common in the hypoalgesicUC
cohort.
A, rs6795970 polymorphism(c.3218G.A); G, wild type; UC, ulcerative colitis.

Figure2. (a) Subject-reported sensory threshold assessment. The gray triangles representmean values for subjects that are homozygous for the rs6795970
polymorphism (n5 11), and the black circles represent mean values for subjects that have a heterozygous or wild-type genotype for SCN10A (n5 39). (b)
Subject-reported severity of discomfort to phasic rectal balloondistension (visual analog scale 0–100). Thegray triangles representmeanvalues for subjects
that are homozygous for the rs6795970 polymorphism (n5 11), and the black circles representmean values for subjects that have a heterozygous or wild-
type genotype for SCN10A (n5 39). NS, not significant. *,, 0.05.
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at risk of hypoalgesic or silent IBD. This is particularly important
considering the increased risk of complications exhibited in
patients with hypoalgesic IBD. These findings also support the
potential of NaV1.8, a VGSC that appears to be specifically lo-
calized to peripheral nociceptive neurons, as a novel target that
could be used to develop more targeted and less toxic visceral
analgesic options. In fact, recent studies have demonstrated
specific promise in this regard, particularly for the management
of somatosensory pain syndromes (27). The successful de-
velopment of agents targeting NaV1.8 could also help to reduce
patient and provider reliance on other medications, including
nonsteroidal anti-inflammatory drugs and opioids, which have
been repeatedly associated with increased morbidity and mor-
tality. That would be particularly impactful, considering the
tens of millions of individuals in the United States alone who
suffer from conditions associated with chronic or recurrent
abdominal pain.
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Study Highlights

WHAT IS KNOWN?

3 Hypoalgesic inflammatory bowel disease is relatively
common and associated with increased risk for severe
complications, such as intra-abdominal fistula.

3 A voltage-gated sodium channel gene polymorphism has
been associated with hypoalgesic inflammatory bowel
disease.

WHAT IS NEW HERE?

3 Homozygosity for a NaV1.8 polymorphism (rs6795970) is
associated with both hypoalgesic Crohn’s disease and
ulcerative colitis, and diminished abdominal discomfort to
rectal balloon distension.
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