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Abstract

Elevated whole blood serotonin levels are observed in more than 25 % of children with autism
spectrum disorder (ASD). Co-occurring gastrointestinal (GI) symptoms are also common in ASD
but have not previously been examined in relationship with hyperserotonemia, despite the
synthesis of serotonin in the gut. In 82 children and adolescents with ASD, we observed a
correlation between a quantitative measure of lower Gl symptoms and whole blood serotonin
levels. No significant association was seen between functional constipation diagnosis and
serotonin levels in the hyperserotonemia range, suggesting that this correlation is not driven by a
single subgroup. More specific assessment of gut function, including the microbiome, will be
necessary to evaluate the contribution of gut physiology to serotonin levels in ASD.

Keywords
Serotonin; 5-HT; Gastrointestinal (GI); IL-6; Medical comorbidities; Autism Treatment Network

Introduction

Elevated whole blood serotonin (5-hydroxytryptamine, 5-HT), termed hyperserotonemia,
occurs in approximately 30 % of children with autism spectrum disorder (ASD) (Gabriele et
al. 2014). Blood 5-HT is synthesized in the gut, where it plays a critical role in regulating
motility and inflammation (Gershon 2013). Gastrointestinal (GI) symptoms are more
prevalent in children with ASD than in controls, with constipation most commonly reported
(Aldinger et al. 2015; Chaidez et al. 2014; Chandler et al. 2013; Gorrindo et al. 2012;
Ibrahim et al. 2009; McElhanon et al. 2014).

To our knowledge, no previous study examined the relationship between GI symptoms and
5-HT in ASD. Based upon the enteric 5-HT system’s impact on gut motility (Gershon 2013;
Li etal. 2011), we hypothesized that children with hyperserotonemia have reduced motility
and resulting functional constipation. We also explored potential association with behavioral
symptoms based upon previous, inconsistent findings (Kolevzon et al. 2010; McBride et al.
1998; Mulder et al. 2004; Sacco et al. 2010), as well as with IL-6 levels following a recent
report of correlation (Yang et al. 2015). Finally, we examined non-verbal status as a potential
confounder based upon its previous association with functional constipation in ASD
(Gorrindo et al. 2012).

J Autism Dev Disord. Author manuscript; available in PMC 2016 May 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Marler et al.

Methods

Participants

Page 3

This study was approved by the Institutional Review Boards at the University of Missouri
and Vanderbilt University. Consents, and, when appropriate, assents were obtained from
participants and/or parents. As previously described (Ferguson et al., submitted
[supplemental]), 120 six to eighteen-year-olds were recruited through the Autism Speaks
Autism Treatment Network and affiliated clinics. Parents of potential participants were
screened over the phone to attempt to recruit a similar number of participants with and
without a Gl disorder. All participants were diagnosed with ASD based on the DSM-IV
criteria (American Psychiatric Association 2000), using the Autism Diagnostic Observation
Schedule (ADOS) (Lord et al. 1989) to verify. Thirty-eight participants were excluded
because they were taking medications that affect 5-HT, including serotonin reuptake
inhibitors, psychostimulants, and neuroleptics.

Assessment of Gastrointestinal Symptoms

The Questionnaire on Pediatric Gastrointestinal Symptoms- Rome 111 (QPGS) (Baber et al.
2008) was used to assess Gl symptoms. Parent-report forms were administered to most
families. In four higher-functioning individuals >16 years of age, where the parent indicated
the subject would give the most reliable response, the self-report form was completed by the
participant. Standard criteria were used to assign functional Gl diagnoses for categorical
analyses (Baber et al. 2008). To allow the analysis of GI symptoms on a continuum, the
QPGS was also scored using a previously described scoring rubric (Ferguson et al.,
submitted [supplemental]) to assess relative severity of lower GI symptoms.

Behavioral Measures

Serotonin

Cytokines

Sensory symptoms, interfering behaviors, repetitive speech, and anxiety were assessed using
caregiver-reported measures: Sensory Over-Responsivity Inventory (SensOR) (Schoen et al.
2008), Aberrant Behavior Checklist (ABC) (Aman 1994), and Repetitive Behavior Scale-
Revised (RBS-R) (Bodfish et al. 2000). Participants were defined as non-verbal if fewer than
five words were used in the ADOS (module 1, item A1) (Gorrindo et al. 2012).

Fasting whole blood 5-HT was measured by high-performance liquid chromatography, as
previously described (Anderson et al. 1987; McBride et al. 1998). To identify a
“hyperserotonemia” subgroup for categorical analyses, whole blood 5-HT levels were
compared to previously published levels in controls performed within the same laboratory
(McBride et al. 1998), corrected for race, age, and sex.

IL-6 was measured using R&D ELISA kits (Minneapolis, MN), in duplicate, quantified on a
Spectramax M3 plate reader (Molecular Devices, Sunnyvale, CA) according to
manufacturer’s instructions.
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Data Analysis

Results

Categorical analyses were used to compare participants with hyperserotonemia versus
normoserotonemia, functional constipation versus no Gl diagnosis, and verbal versus non-
verbal groups using Fisher’s exact tests for categorical variables and one-way analysis of
variance for quantitative variables. Since significant skewness was observed, 5-HT levels
were log-transformed for quantitative analyses. Pearson’s and Spearman’s correlations were
applied in the Caucasian-only population with correction for age and sex (McBride et al.
1998). All analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC) and
figures created in R version 3.1.2.

Comparing to published norms (McBride et al. 1998), 23 % of the participants had 5-HT
levels two standard deviations above the mean for their race and pubertal status. The
distribution of whole blood 5-HT levels showed significant skewness, with an extended tail
toward elevated levels (Fig. 1). Participants with hyperserotonemia did not differ
significantly from the rest of the participants on demographic characteristics, ADOS
severity, or 1Q (Table 1).

Functional constipation (FC) was the most common Rome 11 diagnosis, occurring in 39 %
of the sample. Participants with FC did not differ from those with no GI diagnosis on
demographic characteristics, ASD severity, or 1Q (Table 2). Lower GI symptoms were not
significantly higher in the non-verbal subgroup (20.3 £ 15.6, n = 6) in comparison to the
verbal subgroup (15.7 £ 11.2, p=0.341).

FC diagnosis was present in 10/19 (53 %) of the hyperserotonemia subgroup and 22/57

(39 %) of the remaining participants, excluding those with other GI diagnoses (Fisher’s
exact p=0.30). As a quantitative measure, the QPGS lower Gl score differentiated the FC
(27.3 £ 10.0) and no Gl disorder groups (8.3 £ 4.9, p< 0.001), but it did not differ in the
hyperserotonemia subgroup in comparison to the rest of the participants. Approaching the
analysis from the opposite perspective, normalized whole blood 5-HT levels were not
significantly higher in the FC group (Mean Z = 1.3 £ 1.9) in comparison to those with no Gl
diagnosis (Mean Z = 0.7 £ 1.6, p=0.14).

When considered as a continuous variable in the Caucasian- only sample, controlling for age
and sex, a trend-level Pearson’s correlation (r = 0.21, p=0.066) and a marginally significant
Spearman’s correlation (p = 0.23, p=0.048) were observed between log-transformed whole
blood 5-HT levels and the QPGS lower Gl score (Fig. 2). Exploratory, item-level
Spearman’s correlations were identified between whole blood 5-HT levels and pain around
or below the belly button (p = 0.36, p= 0.001), resisting bowel movements/“holding in”
stool (p = 0.30, p=0.011), and large bowel movements that clogged the toilet (p = 0.25, p=
0.030).

The hyperserotonemia group did not differ significantly on any behavioral measure, nor did
whole blood 5-HT levels correlate with these measures. A trend-level association was seen

J Autism Dev Disord. Author manuscript; available in PMC 2016 May 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Marler et al. Page 5
with RBS-R compulsive behavior, with higher scores in the hyperserotonemia subgroup (6.4
+6.5vs. 4.1+ 4.3, p=0.07), without correction for multiple comparisons.

IL-6 levels did not differ significantly in the hyperserotonemia subgroup (1.6 + 1.5 vs. 1.5
+ 0.9 pg/mL, p=0.783), and no significant correlation was observed between IL-6 and
whole blood 5-HT levels.

Discussion

The study population in the present study showed a significant rightward skew for whole
blood 5-HT levels, with a similar proportion in the predicted hyperserotonemia range as in
previous studies (Gabriele et al. 2014; McBride et al. 1998). FC was the most common Gl
diagnosis in our sample, which is also consistent with previous findings in ASD (Gorrindo et
al. 2012). The lack of significant association between hyperserotonemia and FC suggests
that there is not a unifying subgroup of children with ASD defined by elevated blood 5-HT
levels and constipation. Further, these results do not support the hypothesis that constipation
somehow leads to hyperserotonemia, or, conversely, that the mechanisms underlying
hyperserotonemia also cause predictable GI symptoms. We cannot rule out a weaker
relationship since the observed ratio was 1.8, which would require a four-fold larger sample
to test.

Quantitative analyses are a more powerful way to detect association, and we did identify a
correlation between whole blood 5-HT levels and lower GI symptoms. Further, we found
correlations between 5-HT levels and three QPGS items that may indicate substantial
constipation, but these are exploratory analyses that need to be confirmed in a larger,
independent sample. These findings suggest that whole blood 5-HT levels may relate to Gl
symptoms, but they do not clarify whether this association is specific to ASD.

Consistent with previous efforts to identify symptom-level associations, we did not find any
significant relationship between hyperserotonemia and behavioral outcomes. We also failed
to replicate the recent report of a correlation between whole blood 5-HT levels and IL-6
levels (YYang et al. 2015), with IL-6 similar to other reports (Ashwood et al. 2011; Masi et al.
2015). Finally, we did not observe the expected association between FC and minimally
verbal status in this population, likely because our population only included six non-verbal
children.

This study has a number of limitations. First, GI diagnoses were made based on parent
report using the QPGS, which a previous study showed is predictive but underestimates
constipation diagnosed by a gastroenterologist (Gorrindo et al. 2012). Direct stool
assessment might provide a more valid, quantitative analysis, and would also allow
examination of microbiota, which were recently shown to alter blood 5-HT levels in mice
(Yano et al. 2015). Behavioral symptoms were similarly measured using well-validated
parent report measures that still fall short of direct observation. As an additional concern,
our sample size, while larger than most studies of this robust biomarker, is too small to
detect moderate effect sizes in the subgroup of children with hyperserotonemia. Finally, a
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cross-sectional study without a treatment component does not allow us to make causal
inferences regarding the observed, weak correlation.

In summary, our data confirm the frequency of hyperserotonemia and of FC in ASD, but
there is no significant association between membership in these two subgroups. In contrast,
analyses of these variables as continuous traits reveals a correlation of 5-HT levels with
lower GI symptoms, including pain, stool retention, and large bowel movements. A
longitudinal follow-up study with a larger sample size, including participants without ASD,
would be necessary to understand whether these findings are specific to ASD and to clarify
the directionality of this weak correlation.
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Fig. 1.

Distribution of whole blood serotonin (5-HT). Frequency distribution of 5-HT levels, in
absolute values (ng/mL) and in Z scores. 23 % of the participants had 5-HT levels two
standard deviations above the mean for their race and pubertal status. N = 82
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Fig. 2.
Correlation between QPGS Rome I11 lower Gl scores and log-transformed whole blood

serotonin raw scores. When considered as a continuous variable in the Caucasian-only
sample, with age and sex as covariates, a trend-level Pearson’s correlation (r = 0.21, p=
0.066) and a marginally significant Spearman’s correlation (p = 0.23, p=0.048) were
observed
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Table 1

Sample characteristics and relationship with 5-HT levels

Total N Normoserotonemia (n =63) Hyperserotonemia (n=19) pvalue
Sex 82 1.0
Male (%) 74(90.2) 57 (90.5) 17 (89.5)
Female (%) 8(9.8) 6 (9.5) 2(10.5)
Age: Mean (SD) 82 11.2 (4.1) 11.7 (3.6) 0.61
Race 82 0.66
Caucasian (%) 75(91.5) 58(92.1) 17 (89.5)
Other race (%) 7 (8.5) 5(7.9) 2 (10.5)
Ethnicity 82 1.0
Non Hispanic/Latino (%) 79 (96.3) 60 (95.2) 19 (100)
Hispanic/Latino (%) 3(3.7) 3(4.8) 0(0.0)
Household income 71 0.58
Less than 50k (%) 31(43.7) 25(46.3) 6 (35.3)
50k or greater (%) 40 (56.3) 29 (53.7) 11 (64.7)
ADOS severity score: Mean (SD) 65 7.1(2.3) 6.6 (2.0) 0.46
1Q: Mean (SD) 68 83.9 (24.4) 83.8(21.0) 0.99
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