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A B S T R A C T

Objectives: Gastrointestinal problems are common in all eating disorders; however, the extent to which these
problems predate the onset of eating disorders is not clear. We explored longitudinal associations between
childhood gastrointestinal problems and adolescent disordered eating, and assessed whether observed associa-
tions are potentially causal or due to familial confounding factors.
Methods: Data from a population-based Swedish twin sample were used to investigate associations between
parent- and self-reported protracted constipation and diarrhea in childhood and adolescence, and later dis-
ordered eating, measured by the Eating Disorders Inventory-2 (EDI). Linear regression models were used to
investigate the associations. Possible familial confounding was explored by using a within-twin pair analysis.
Results: We found that those who reported a history of constipation at age 15 scored 5.55 and 5.04 points higher,
respectively, on the EDI total score at age 15 and 18, compared with those without constipation. Those reporting
a history of diarrhea at age 15 scored 5.15 points higher, and the group reporting both problems scored 9.52
points higher on the EDI total score at age 15 than those reporting no problems. We observed that the association
between constipation and disordered eating was attenuated in the within-twin pair analysis, but remained po-
sitive.
Conclusions: Gastrointestinal problems in childhood and adolescence are significantly associated with disordered
eating. Associations were partly due to familial confounding, but might also be consistent with a causal inter-
pretation. Clinicians should be aware of the increased risk of disordered eating when following children and
adolescents who present with gastrointestinal problems.

1. Introduction

Gastrointestinal (GI) problems such as bloating, nausea, and epi-
gastric discomfort commonly occur in individuals with eating disorders
including anorexia nervosa, bulimia nervosa, and binge-eating disorder
[1–7]. In fact, 67–83% of patients with anorexia nervosa and 63% of
patients with bulimia nervosa report constipation, and 41–52% of pa-
tients with eating disorders report irritable bowel syndrome (IBS) [4].
However, the extent to which these problems predate the onset of
eating disorders has not been thoroughly researched.

In the general population, GI problems in childhood are relatively
common, with prevalence estimates ranging from 8 to 25% varying by

type of sample, nature of problem, and age [8,9]. The long-term im-
plications of childhood GI problems are less clear, although pediatric
recurrent abdominal pain is a known precursor of functional GI dis-
orders in adulthood, especially IBS [10,11]. In addition, individuals
with recurrent abdominal pain have also been shown to develop both
chronic abdominal pain, as well as psychiatric disorders later in life
[12,13]. Further, children with recurrent abdominal pain are reported
to have more concurrent psychiatric illnesses, including depressive and
anxiety disorders [14].

Täljemark et al. reported that, in children, psychiatric and GI pro-
blems often coexist with restrictive eating accompanied by fear of
weight gain [15]. In addition, results from a population-wide Danish
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constipation and diarrhea. We also created a variable encompassing
both problems, C/D: those who self-reported having both constipation
and diarrhea at age 15 were scored positively, all others were scored
negatively. Individuals were considered “exposed” for a specific GI
problem if they scored positively for that problem. Those who scored
negatively were considered to be “unexposed”.

2.2.2. Disordered eating
At ages 15 and 18, twins reported disordered eating using the three

subscales that measure eating-related attitudes and behaviors from the
EDI, a self-report scale. We evaluated the EDI total score, defined as the
sum of the three sub-scales assessed—Drive for thinness (DT), Bulimia
(B), and Body dissatisfaction (BD)—and each sub-scale separately. These
three sub-scales are designed to measure core eating disorder symptoms
and have been validated in both clinical and non-clinical settings in
Scandinavia, showing high internal reliability and the ability to dis-
tinguish between a patient- and a healthy population [21–23]. Each
sub-scale includes several items answered on a 6-point Likert scale
ranging from “Always” to “Never”. We use the full 6-point scale in order
to capture the full variation of disordered eating in the population. The
total score and the sub-scale scores were analyzed as continuous vari-
ables. In the CATSS data collection, one item from the BD subscale is
missing (I like the shape of my buttocks); however, the reverse item (“I
think my buttocks are too large”) is included. Thus, the highest possible
scores were DT=42, B=42, and BD=48 with higher scores in-
dicating more disordered eating. This may result in lower EDI total and
BD sub-scale scores but should not affect study results as all participants
received the same assessment version. However, it should be considered
when comparing this study to other studies using the same scales.

2.3. Statistical analysis

The prevalence for each GI measure at each age, for the total
sample, and by sex was calculated. We further calculated the mean EDI
total score at ages 15 and 18 for exposed and unexposed individuals in
the total sample and by sex.

To investigate the influence of prior GI problems on disordered
eating, we applied linear regression models, where GI problems were
the exposures and disordered eating scores were the outcomes in all
analyses. Generalized estimating equations were used to correct the
standard errors for familial clustering of twins using a cluster-robust
sandwich estimator, and there were no assumptions of a normal dis-
tribution [24]. Specifically, we tested whether the EDI total scores at
ages 15 and 18 were associated with GI problems at ages 9/12 and 15
(crude models). We then controlled for sex in the analyses (adjusted
models) to determine if sex moderated any association. Regression
coefficients and 95% confidence intervals (CIs) were calculated based
on robust standard errors. For hypothesis testing, we focus on the pri-
mary analyses of the study, namely the adjusted models among con-
stipation, diarrhea, and C/D on total EDI score, i.e., 10 tests (second
column in Tables 2 and 3). We therefore set the statistical significance
threshold at p < .005 to adjust for multiple comparisons.

To investigate whether genetic/familial confounding accounted for
associations between GI problems and disordered eating, we applied
conditional linear regression models (within-twin pair analysis).
Specifically, we adjusted for unmeasured familial confounding factors,
meaning both genetic and environmental factors that are shared be-
tween the individuals in the twin pair, and that could account for a
potential association between GI problems and disordered eating.
Examples of these factors could be shared genetic background, or en-
vironmental exposures to which twins are equally exposed. When using
within-twin pair analysis, we compared dizygotic (DZ) and mono-
zygotic (MZ) twin pairs, respectively, who were discordant for GI
problems, thereby controlling for these familial confounding factors
that are constant within the twin pair.

If GI problems and disordered eating are associated because GI

study of children and adolescents reported an increased risk of eating 
disorders in individuals with autoimmune diseases with GI involve-
ment, such as Crohn's disease and celiac disease [16].

In this study, we evaluated the longitudinal associations between 
two common GI problems (i.e., prolonged constipation and prolonged 
diarrhea) during childhood and eating disorders symptoms in adoles-
cence and assessed whether these associations are potentially causal or 
more likely to reflect familial confounding using a large longitudinal, 
population-based twin sample. Familial confounding is defined as fac-
tors that are shared within a family or, for this study, within twin pairs 
(e.g., genetic factors, socioeconomic factors, parental education, in-
utero effects), that may influence the association of interest. We use a 
within-twin pair analysis where we condition the analysis on the pairs 
including differently exposed twins. We can thereby compare the as-
sociation in the full sample to the potential association within twin 
pairs. We hypothesized that GI problems in childhood would be asso-
ciated with elevated risk of disordered eating in adolescence as mea-
sured by three scales of Eating Disorders Inventory-2 (EDI) [17].

2. Method

2.1. Population

The Child and Adolescent Twin Study in Sweden (CATSS) is an 
ongoing, population-based, longitudinal study following twins born in 
Sweden since 1992 [18]. CATSS enrolment has been ongoing since July 
2004. Every year, parents of all twins who are turning 9 years old in 
Sweden are invited to participate in a telephone interview regarding the 
children's mental and physical health (i.e., CATSS began with twins 
born in July 1995 and onwards). During the first three years of CATSS 
ascertainment (2004–2006), parents of 12-year-old twins (i.e., twins 
born in July 1992 to June 1995) were also invited to participate in 
parallel to the 9-year-olds. In subsequent years, only twins turning 9 
were ascertained. In total, 23% of the sample at this timepoint had their 
telephone interviews conducted at age 12 and the remainder at age 9. 
Both the twins and their parents were then asked to participate in 
follow-up assessments using online questionnaires at age 15 and 18. 
The response rate in CATSS is approximately 75% at age 9/12 and 60%
at ages 15 and 18. Parents provided informed consent before the in-
terview, and twins provided informed consent before participating in 
the follow-up. CATSS has been approved by the Regional Ethical Re-
view Board in Stockholm, Sweden.

Zygosity was determined using a panel of 48 single nucleotide 
polymorphisms when DNA from saliva was available [19]. When DNA 
was not available, an algorithm based on five questions on twin simi-
larity derived from pairs with known zygosity was used [20]. The al-
gorithm classifies > 95% of twins correctly compared to DNA testing 
[19].

2.2. Measures

2.2.1. GI problems
The CATSS cohort includes approximately 28,000 twins and as-

sesses a broad array of child health, mental health, and behavioral and 
developmental areas. Given clinical observations and clinical histories 
of patients with eating disorders, we were particularly interested in the 
relationship between GI-related issues and disordered eating behavior. 
We identified two questions that were administered on more than one 
occasion in CATSS that capture GI problems in childhood: “Does (s)he 
have or has (s)he ever had problems with prolonged constipation growing 
up?” and “Does (s)he have or has (s)he ever had problems with prolonged 
diarrhea growing up?”. The questions refer to the entire childhood 
period. Parents reported these symptoms during the telephone inter-
view at age 9 or 12. Response options are “yes” or “no”. Options “Don't 
know” and “Don't want to answer” were coded as missing values. At age 
15, the twins themselves answered the same questions about



combined GI conditions (C/D).
Linear regression (Table 2) showed an association between con-

stipation and diarrhea at age 15 and EDI total at age 15 with estimated
adjusted regression coefficients of 5.55 (95% CI: 3.77; 7.33) and 5.15
(95% CI: 2.74; 7.55), respectively. Thus, those who reported constipa-
tion or diarrhea scored about 5 points higher on the EDI total scale than
the unexposed group. Reporting both GI conditions (C/D) at age 15 was
also associated with a significantly higher EDI total score (regression
coefficient: 9.52, 95% CI: 4.27; 14.75) compared to the unexposed
group. Constipation at age 15 was significantly associated with EDI
total score at age 18 (regression coefficient: 5.04, 95% CI: 1.79; 8.10)
(Table 3). Associations of diarrhea and C/D conditions at age 15 with
EDI total score at age 18 were not statistically significant.

3.3. Contribution of familial confounding to the association

Within-twin pair analysis of constipation and EDI total score, both
measured at age 15 (Table 2), showed lower, but not null, estimates for
both DZ and MZ pairs (DZ regression coefficient: 2.12, 95% CI: −0.78;
5.03 and MZ regression coefficient: 4.53, 95% CI: 0.68; 8.39) compared
with the crude and adjusted estimates; however, these were not sta-
tistically significant at p < .005 level. This can be interpreted as con-
stipation having a strong association with EDI total score at age 15, and
that the association is partly explained by familial/genetic factors.
However, constipation at age 15 and EDI total score at age 18 (Table 3)
were not significantly associated in the within-twin pair analysis. The
conditioned analysis included a smaller number of twins (DZ: n=185,
MZ: n=65).

No statistically significant association was found between self-re-
ported diarrhea and EDI total score, both measured at age 15 (Table 2),
in the within-twin pair analysis. The interpretation is therefore that the
previously observed association can largely be explained by familial
(genetic and/or environmental) confounding. The same analysis for
diarrhea at age 15 and EDI total score at age 18 showed no significant
associations; however, the confidence intervals were very wide.

Associations between C/D conditions and EDI total score at age 15
were not statistically significant. Few individuals reported C/D condi-
tions, which influenced power to detect potential associations (DZ:
n=71, MZ: n=25).

3.4. Associations between GI problems and the EDI sub-scales

We further examined the association between constipation and
diarrhea reported at age 15 and the three EDI sub-scales at ages 15 and
18 (Table 4). The results followed the same patterns as the main results,

Table 1
Prevalence of GI problems [constipation, diarrhea, and constipation and diarrhea (C/D)] at ages 9/12 and 15 in the total population and by sex, in CATSS. Mean (sd)
EDI total score at ages 15 and 18 in the total population and by sex for the different GI problems at ages 9/12 and 15.

Constipation age 9/12
(parent)

Diarrhea age 9/12
(parent)

Constipation age 15
(self)

Diarrhea age 15
(self)

C/D age 15
(self)

Yes
N (%)

No
N (%)

Yes
N (%)

No
N (%)

Yes
N (%)

No
N (%)

Yes
N (%)

No
N (%)

Yes
N (%)

No
N (%)

All 2411 (8.5) 26,015 (91.5) 961 (3.4) 27,476 (96.6) 608 (7.3) 8330 (92.7) 263 (3.0) 8713 (97.0) 83 (0.9) 8832 (99.1)
Girls 1394 (10.0) 12,555 (90.0) 366 (2.3) 13,592 (97.4) 337 (8.9) 3781 (91.1) 107 (2.7) 4032 (97.3) 44 (1.1) 4086 (98.9)
Boys 1017 (7.0) 13,460 (93.0) 595 (4.1) 13,884 (95.9) 172 (5.2) 3331 (94.8) 110 (3.2) 3411 (96.8) 25 (0.7) 3479 (99.3)
EDI 15 Mean (sd) Mean (sd) Mean (sd) Mean (sd) Mean (sd)
All 47.6 (18.5) 46.2 (16.8) 46.1 (18.3) 46.3 (16.9) 53.7 (20.5) 45.9 (16.7) 50.9 (18.8) 46.2 (17.0) 57.7 (21.7) 46.7 (17.1)
Girls 53.3 (19.3) 52.9 (17.1) 52.9 (17.8) 53.9 (21.7) 58.7 (20.2) 52.0 (17.5) 57.8 (17.9) 52.4 (17.8) 61.2 (18.5) 52.8 (17.9)
Boys 37.7 (11.5) 38.5 (11.4) 38.4 (11.4) 40.4 (12.7) 41.3 (15.5) 38.1 (11.0) 43.0 (15.6) 38.1 (11.0) 49.9 (24.3) 38.4 (11.2)
EDI 18 Mean (sd) Mean (sd) Mean (sd) Mean (sd) Mean (sd)
All 55.4 (20.6) 51.3 (19.0) 49.5 (20.3) 51.6 (19.0) 58.8 (20.5) 51.8 (19.2) 54.4 (18.4) 52.1 (19.3) 62.1 (19.7) 51.9 (19.2)
Girls 60.7 (20.8) 58.6 (19.6) 59.2 (22.9) 58.8 (19.6) 63.8 (21.1) 58.4 (19.9) 59.3 (20.7) 58.7 (19.9) 65.9 (18.8) 58.7 (19.7)
Boys 43.5 (14.5) 41.7 (12.8) 42.3 (14.6) 41.8 (12.9) 46.1 (14.9) 42.1 (13.2) 44.7 (10.3) 42.2 (13.4) 43.2 (12.8) 41.8 (12.9)

CATSS= the Child and Adolescent Twin Study in Sweden, self= self-report, parent= parent-report, sd= standard deviation, EDI= Eating Disorders Inventory-2,
C/D= reporting both constipation and diarrhea, GI= gastrointestinal.

problems play a causal role in the difference in mean EDI score between 
the exposed and unexposed group, we would expect the association to 
be similar in the total sample and within the twin pairs, suggesting that 
genetic similarities between the twins would be of no significance and 
would therefore not influence the association. Conversely, if the asso-
ciation between exposure and outcome was greater at the total sample 
level than the association in DZ pairs, and further attenuated in MZ 
pairs, there would be reason to assume that the association would be 
better explained by genetic and/or familial confounding factors [25]. 
Further, we would expect no association in MZ pairs if the association 
were entirely due to genetic and/or familial confounding factors.

The associations between the different EDI sub-scales and self-rated 
GI problems at age 15 were also explored using these methods.

Because of the difficulty in  de termining th e temporality of  a po-
tential association, we performed a sensitivity analysis between GI 
problems at age 15 and total EDI score at age 18 adjusting for total EDI 
score at age 15.

All analyses were done using R version 3.2.2 [26] using the package 
drgee [27].

3. Results

3.1. Prevalence of GI problems and mean EDI scores

The prevalence of constipation and diarrhea at age 9/12 and age 15 
in the full sample and by sex are presented in Table 1. Constipation was 
more common than diarrhea at both ages, constipation was reported in 
8.5% and 7.3% at age 9/12 and age 15, respectively, and diarrhea re-
ported in 3.4% and 3.0% at the same ages. Constipation was also more 
prevalent in girls reported in 10.0% at age 9/12 and 8.9% at age 15 
compared to boys who reported constipation in 7.0% and 5.2%, at the 
two ages, (all p-values < .001). In contrast, more boys (4.1%) than girls 
(3.2%) reported diarrhea age 9/12 (p-value < .001). Reporting C/D 
conditions was slightly more common in girls than boys (1.1% vs. 
0.7%) (p-value = .020).

Table 1 also presents the mean EDI total score for those reporting 
constipation, diarrhea, or C/D, and for unexposed twins. Estimates are 
presented for the full sample and for girls and boys separately, at ages 
15 and 18.

3.2. Developmental associations between GI problems and eating disorder 
symptoms

No association was found between constipation or diarrhea at age 
9/12 and EDI score at age 15 or 18. We therefore did not explore the



at age 15: linear regression showed positive, significant associations
among constipation, diarrhea, and C/D with all three EDI sub-scales.
For the EDI sub-scales measured at age 18, only constipation at age 15,
and not diarrhea, was significantly associated with the BD and B sub-
scales. In the within-twin pair analysis, no estimates remained sig-
nificant. Because the associations between constipation and diarrhea
with the EDI total score were not significant at age 9/12, we did not
further examine the sub-scale scores.

3.5. Sensitivity analysis

We examined the association between self-reported constipation at
age 15 and EDI total score at age 18, adjusting for EDI total score at age
15. The magnitude of the association decreased compared to the un-
adjusted results and was not significant, regression coefficients of 0.75
(95% CI: −1.73; 3.23). We did not proceed with a sensitivity analysis
between diarrhea at age 15 and EDI total score at age 18 adjusted for
EDI total score at age 15 because there was no statistically significant
association in the unadjusted analysis.

Table 2
Results from regression analyses (regression coefficients, with 95% confidence intervals (CI) and p-values) evaluating associations between EDI total score at age 15
and constipation, diarrhea, and reporting both GI conditions (C/D) at ages 9/12 and 15 in CATSS. Crude models, models adjusted for sex, and within pair models (DZ
and MZ twin) are presented.

Crude (95% CI) Adjusteda

(95% CI)
Within DZ pairsa

(95% CI)
[N= exposure discordant twinsb]

Within MZ pairs
(95% CI)
[N= exposure discordant twinsb]

EDI total score age 15

Constipation age 9/12 (parent) 1.37 (-0.31; 3.05) -0.05 (-1.57; 1.47) -2.03 (-4.23; 0.16) 1.11 (-2.59; 4.81)
(p=0.111) (p=0.950) [N= 683] [N= 176]

(p=0.069) (p=0.556)
Diarrhea age 9/12 (parent) -0.27 (-2.88; 2.33) 1.55 (-0.84; 3.94) 1.26 (-2.60; 5.12) -5.00 (-9.64; -0.36)

(p=0.837) (p=0.204) [N= 270] [N= 73]
(p=0.523) (p=0.034)

Constipation age 15 (self) 7.39 (5.47; 9.31) 5.55 (3.77; 7.33) 2.12 (-0.78; 5.03) 4.53 (0.68; 8.38)
(p<0.001)* (p<0.001)* [N= 493] [N= 169]

(p=0.152) (p=0.021)
Diarrhea age 15 (self) 4.18 (1.52; 6.83) 5.15 (2.74; 7.55) 2.67 (-1.87; 7.19) 0.29 (-5.22; 5.81)

(p=0.002)* (p<0.001)* [N= 173] [N= 76]
(p=0.250) (p=0.917)

C/D age 15 (self) 10.84 (5.47; 16.21) 9.52 (4.27; 14.75) 5.58 (-1.89; 13.05) 4.50 (-3.99; 12.99)
(p<0.001)* (p<0.001)* [N= 71] [N= 25]

(p=0.143) (p=0.299)

⁎Indicates p-values that are below the statistical significant threashold set at p < .005.
CATSS= the Child and Adolescent Twin Study in Sweden, self= self-report, parent= parent-report, DZ=dizygotic, MZ=monozygotic, CI= confidence interval,
EDI= Eating Disorders Inventory-2, C/D= reporting both constipation and diarrhea.

a Adjusted for sex.
b Number of individuals from exposure discordant twin pairs in analysis.

Table 3
Results from regression analyses (regression coefficients, with 95% confidence intervals (CI) and p-values) evaluating associations between EDI total score at age 18
and constipation, diarrhea, and reporting both GI conditions (C/D) at ages 9/12 and 15 in CATSS. Crude models, models adjusted for sex, and within pair models (DZ
and MZ twin) are presented.

Crude
(95% CI)

Adjusteda

(95% CI)
Within DZ pairsa

(95% CI)
[N= exposure discordant twinsb]

Within MZ pairs
(95% CI)
[N= exposure discordant twinsb]

EDI total score age 18

Constipation age 9/12 (parent) 4.10 (1.83; 6.35) 1.97 (-0.09; 4.02) -0.31 (-3.49; 2.88) 2.07 (-1.70; 5.84)
(p<0.001)* (p=0.061) [N= 473] [N= 135]

(p=0.849) (p=0.281)
Diarrhea age 9/12 (parent) -2.08 (-5.35; 1.18) 0.43 (-2.51; 3.38) -1.13 (-6.49; 4.23) 1.38 (-4.60; 7.35)

(p=0.210) (p=0.773) [N= 211] [N= 42]
(p=0.680) (p=0.652)

Constipation age 15 (self) 7.46 (4.16; 10.76) 5.04 (1.97; 8.10) 1.11 (-4.54; 6.77) 1.69 (-4.90; 8.28)
(p<0.001)* (p=0.001)* [N= 185] [N= 65]

(p=0.699) (p=0.615)
Diarrhea age 15 (self) 0.80 (-3.86; 5.45) 1.43 (-2.76; 5.63) -0.55 (-8.16; 9.27) -2.41 (-8.99; 4.17)

(p=0.738) (p=0.504) [N= 65] [N= 42]
(p=0.901) (p=0.473)

C/D age 15 (self) 8.12 (-0.94; 17.17) 5.58 (-2.41; 13.57) 6.60 (-8.15; 21.35) -3.83 (-18.36; 10.69)
(p=0.079) (p=0.171) [N= 17] [N= 13]

(p=0.380) (p=0.605)

⁎Indicates p-values that are below the statistical significant threashold set at p < .005.
CATSS= the Child and Adolescent Twin Study in Sweden, self= self-report, parent= parent report, DZ=dizygotic, MZ=monozygotic, CI= confidence interval,
EDI= Eating Disorders Inventory-2, C/D= constipation and diarrhea.

a Adjusted for sex.
b Number of individuals from exposure discordant twin pairs in analysis.



Table 4
Results from regression analyses (regression coefficients, with 95% confidence intervals (CI) and p-values) evaluating associations between EDI sub-scales scores at
ages 15 and 18 and constipation and diarrhea at age 15 in CATSS. Crude models, models adjusted for sex, and within pair models (DZ and MZ twin) are presented.

Crude
(95% CI)

Adjusteda

(95% CI)
Within DZ pairsa

(95% CI)
[N= exposure discordant twinsb]

Within MZ pairs
(95% CI)
[N= exposure discordant twinsb]

Drive for thinness sub-scale age 15
Constipation age 15 (self) 2.86 (2.08; 3.63) 2.11 (1.39; 2.83) 1.42 (0.28; 2.55) 1.68 (0.11; 3.25)

(p< 0.001)⁎ (p< 0.001)⁎ (p= 0.015) (p=0.036)
[N=524] [N=173]

Diarrhea age 15 (self) 1.47 (0.33; 2.61) 1.80 (0.78; 2.83) 0.76 (−1.08; 2.59) −0.06 (−2.01; 1.90)
(p=0.012) (p< 0.001)⁎ (p= 0.420) (p=0.956)

[N=179] [N=78]
C/D age 15 (self) 4.13 (1.89; 6.36) 3.62 (1.44; 5.79) 3.21 (0.63; 5.79) 0.36 (−2.66; 3.39)

(p< 0.001)⁎ (p=0.001)⁎ (p= 0.015) (p=0.814)
[N=74] [N=27]

Body dissatisfaction sub-scale age 15
Constipation age 15 (self) 3.17 (2.27; 4.07) 2.24 (1.40; 3.07) 0.87 (−0.50; 2.23) 2.32 (0.41; 4.24)

(p< 0.001)⁎ (p< 0.001)⁎ (p= 0.213) (p=0.018)
[N=529] [N=180]

Diarrhea age 15 (self) 1.58 (0.24; 2.92) 2.01 (0.83; 3.18) 0.47 (−1.78; 2.72) −0.37 (−3.20; 2.46)
(p=0.021) (p< 0.001)⁎ (p= 0.682) (p=0.799)

[N=180] [N=80]
C/D age 15 (self) 4.20 (1.66; 6.75) 3.44 (1.07; 5.81) 1.05 (−2.75; 4.85) 0.75 (−3.95; 5.45)

(p=0.001)⁎ (p=0.004)⁎ (p= 0.587) (p=0.754)
[N=73] [N=28]

Bulimia sub-scale age 15
Constipation age 15 (self) 1.41 (0.96; 1.87) 1.27 (0.98; 1.35) 0.23 (−0.49; 1.01) 0.43 (−0.50; 1.36)

(p< 0.001)⁎ (p< 0.001)⁎ (p= 0.495) (p=0.368)
[N=534] [N=182]

Diarrhea age 15 (self) 2.05 (1.37; 2.74) 2.11 (1.42; 2.80) 1.77 (0.73; 3.06) 0.44 (−1.15; 2.04)
(p< 0.001)⁎ (p< 0.001)⁎ (p= 0.007) (p=0.590)

[N=183] [N=83]
C/D age 15 (self) 3.16 (1.73; 4.59) 3.03 (1.57; 4.49) 2.37 (−0.15; 4.89) 2.31 (0.24; 4.38)

(p< 0.001)⁎ (p< 0.001)⁎ (p= 0.065) (p=0.029)
[N=74] [N=29]

Drive for thinness sub-scale age 18
Constipation age 15 (self) 2.34 (1.05; 3.64) 1.46 (0.27; 2.65) 0.03 (−2.12; 2.17) 1.11 (−1.52; 3.75)

(p< 0.001)⁎ (p= 0.016) (p= 0.981) (p=0.408)
[N=189] [N=67]

Diarrhea age 15 (self) 0.01 (−1.92; 1.94) 0.45 (−1.25; 2.15) 0.13 (−4.05; 4.31) −1.78 (−4.83; 1.28)
(p= 0.990) (p= 0.605) (p= 0.950) (p=0.254)

[N=68] [N=43]
C/D age 15 (self) 3.16 (−0.56; 6.87) 2.34 (−1.07; 5.76) 7.00 (0.26; 13.74) 0.17 (−7.09; 7.42)

(p= 0.096) (p= 0.179) (p= 0.042) (p=0.964)
[N=18] [N=13]

Body dissatisfaction sub-scale age 18
Constipation age 15 (self) 3.12 (1.62; 4.62) 2.12 (0.72; 3.51) 0.08 (−2.58; 2.73) −0.32 (−3.43; 2.78)

(p< 0.001)⁎ (p= 0.003)⁎ (p= 0.956) (p=0.839)
[N=188] [N=68]

Diarrhea age 15 (self) −0.17 (−2.30; 1.96) 0.11 (−1.84; 2.06) −1.72 (−5.79; 2.35) 0.06 (−3.32; 3.43)
(p= 0.874) (p= 0.913) (p= 0.408) (p=0.974)

[N=69] [N=43]
C/D age 15 (self) 3.66 (−0.63; 7.95) 2.50 (−1.26; 6.27) 4.40 (0.74; 8.06) −2.83 (−10.72; 5.06)

(p= 0.094) (p= 0.193) (p= 0.019) (p=0.482)
[N=17] [N=13]

Bulimia sub-scale age 18
Constipation age 15 (self) 1.67 (0.76; 2.58) 1.37 (0.47; 2.27) 0.93 (−1.00; 2.86) 0.81 (−1.28; 2.91)

(p< 0.001)⁎ (p= 0.003)⁎ (p= 0.346) (p=0.446)
[N=188] [N=66]

Diarrhea age 15 (self) 0.85 (−0.35; 2.05) 0.97 (−0.23; 2.16) 1.47 (−1.05; 4.00) −1.53 (−3.50; 0.45)
(p= 0.166) (p= 0.113) (p= 0.252) (p=0.130)

[N=70] [N=44]
C/D age 15 (self) 1.91 (−0.46; 4.28) 1.67 (−0.74; 4.08) −1.33 (−7.43; 4.77) −1.17 (−4.38; 2.05)

(p= 0.113) (p= 0.174) (p= 0.668) (p=0.477)
[N=18] [N=13]

CATSS= the Child and Adolescent Twin Study in Sweden, self = self-report, DZ=dizygotic, MZ=monozygotic, CI= confidence interval C/D= constipation and
diarrhea.

a Adjusted for sex.
b Number of individuals from exposure discordant twin pairs in analysis.
⁎ Indicates p-values that are below the statistical significant threashold set at p< 0.005.



4. Discussion

The results from this study show a positive association between GI
problems in childhood and early adolescence, and later disordered
eating. Individuals who reported a history of diarrhea at age 15 scored
approximately 5 points higher on the EDI scale reported at age 15 than
those who reported no GI problems. Individuals who reported a history
of constipation at age 15 scored approximately 5 points higher on the
EDI scale reported at age 15 and at age 18. Individuals who reported
both conditions at age 15 scored over 9 points higher than those re-
porting no GI problems. Further, we observed that the association be-
tween constipation and disordered eating decreased when we condi-
tioned the analysis within the twin pairs; however, it remained positive.
This could be interpreted as constipation having a partially direct effect
on disordered eating, or vice versa. The association observed between
constipation at age 15 and disordered eating at age 18 was no longer
significant when controlling for disordered eating at age 15. This at-
tenuation could be explained by one or both of two explanations: 1)
disordered eating at age 15 is a confounding factor affecting both the
exposure (constipation at age 15) and the outcome (disordered eating at
age 18), and/or 2) disordered eating at age 15 is a mediating factor on
the path between constipation at age 15 and disordered eating at age
18. Unfortunately, we cannot further disentangle this relationship due
to the fact that constipation and disordered eating are both recorded at
the same timepoint (age 15).

In contrast to the association between constipation and EDI, we do
not see a significant association between diarrhea and EDI over the
same time period. The standardized effect size for self-reported con-
stipation is stable across the two ages (0.42 and 0.39 respectively), in
contrast the standardized effect size for self-reported diarrhea is smaller
at age 15 and declines further at age 18 (0.26 and 0.12 respectively).
However, even if the sample were large enough to detect the smaller
effect size at age 18, this potential association would most likely not be
of clinical importance.

Two previous studies have reported GI problems in childhood to be
associated with the development of eating disorders. Råstam et al. re-
ported that childhood GI problems (defined as early feeding problems,
severe bellyache, or treatment in hospital for GI problems) were sig-
nificantly more common in their sample of 51 adolescent females with
anorexia nervosa than in healthy controls [28]. In an Israeli cross-sec-
tional study of a population sample of adolescent school girls, con-
stipation was associated with the later development of disordered
eating [29]. Our study extends this work by suggesting that this ob-
served relationship is partly a direct effect of the exposure (GI pro-
blems) on the outcome (disordered eating) and partly due to familial
confounding.

The familial confounding could be due to different types of gene-
environment correlations that occur when genetic predispositions are
expressed differently in different environments [30]. For example,
constipation leads to slow colonic transit time, which can contribute to
bloating [4]. Bloating could contribute to body dissatisfaction and
could be misperceived by individuals predisposed to eating disorders as
being larger than desired. A perceived discrepancy between one's self-
perception and the societal thin ideal, even if the discrepancy is due to
frequent bloating, could increase the risk of disordered eating in order
to control shape or weight. This could account for why we observe an
association between constipation at age 15 and the EDI total score, but
not with constipation at age 9/12, at an age when the impact of the
societal thin ideal is less pervasive [31].

With reference to the potential causal/direct association, GI pro-
blems in childhood could also lead to increased somatic awareness of
the GI tract thereby increasing visceral sensitivity, which is associated
with the intensity of GI symptoms [32]. A heightened focus on GI
symptoms might also lead to increased concern and awareness about
diet which, in turn, could predispose to disordered eating behaviors. A
majority of patients with IBS report their GI symptoms to be triggered

by certain food items (especially carbohydrates and fat). Additionally,
reporting a high number of food items causing GI symptoms was as-
sociated with reduced quality of life [33]. One review found that
symptom severity and dietary adherence was associated with dis-
ordered eating patterns in individuals with GI disorders [34]. The au-
thors suggested that low adherence to a dietary routine (e.g., continued
consumption of trigger food) could be a way of promoting weight loss.
In contrast, the dietary management prescribed for many GI problems
could lead some individuals to become highly anxious and preoccupied
with food choices to control GI symptoms thereby playing a causal role
in the development of disordered eating patterns [34].

Another possible direct association includes the observation that
prolonged diarrhea is common in children in pediatric clinics and can
be a sign of multiple problems, including lactose intolerance and celiac
disease [35]. Likewise, food allergies and intolerances have been found
to be associated with eating disorders and other psychiatric symptoms
such as anxiety and depression [36,37], which are known to be
common in children with pediatric recurrent abdominal pain [14,38].

Although the findings from our study suggest that there are possible
direct or even causal mechanisms linking GI problems with disordered
eating, it will be important to expand and replicate current findings in
clinically diagnosed samples of individuals with eating disorders. In
addition, the results of this study could be influenced by unknown
environmental risk factors affecting both GI problems and disordered
eating leading to a causal interpretation of the relationship. One such
potential risk factor could be involvement of the bacterial community
situated in the intestines (i.e., the intestinal microbiota). Associations
have been reported between a dysbiosis (imbalance) in the intestinal
microbiota and several key features of both eating disorders and GI
problems, such as weight regulation and energy metabolism [39], mood
and behavior [40,41], constipation in children [42,43], inflammatory
bowel disease in adults [44], and eating disorders [45]. Direct and
longitudinal sampling is required to evaluate whether the intestinal
microbiota plays a uniting causal role in GI problems and eating dis-
orders.

Several limitations to this study should be considered. First, we
accessed data that were a combination of parent- and self-report in-
terviews and questionnaires. Second, our sample is large and popula-
tion-based and we did not have access to clinical diagnoses of either GI
problems or eating disorders. In addition, the questions regarding GI
problems have not been formally validated, meaning we cannot ensure
that the questions are measuring what they are supposed to measure.
Third, we used three EDI sub-scales as an index of disordered eating. In
validation studies, the EDI has been reported to discriminate well be-
tween eating disorder patient groups and healthy controls [21,23]. The
focus of this study was not to detect eating disorders, but rather to
explore whether risk of disordered eating was elevated in a general
population sample in individuals exposed to prolonged diarrhea or
constipation. Fourth, we focused on constipation and diarrhea as they
were the only measures of GI symptoms available in the cohort. We
acknowledge that abdominal pain would have been of particular in-
terest given its association with GI disorders in adulthood [10,11];
however, it was not assessed in CATSS. To further clarify our findings
and their relevance to threshold eating disorders, longitudinal clinical
and register studies are needed. Fifth, GI problems were retrospectively
reported and cover the whole childhood period until the time of as-
sessment. We are therefore unable to disentangle childhood and ado-
lescent GI problems. However, the two time points of evaluating GI
problems in this study (age 9/12 and age 15) suggest that the asso-
ciation we observe reflects adolescent rather than early childhood
problems or the accuracy of self- versus parent-report. It is possible that
the self-reported measures at age 15 reflect GI problems closer to the
time of assessment, compared to the parent-reported measures of
symptoms at age 9/12.

Sixth, our results do not rule out reverse causality, nor can we draw
conclusions regarding temporality. We cannot determine from our data
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whether the GI problems occurred before or after the disordered eating 
emerged. As previously stated, GI problems are common in patients 
with eating disorders; however, this is not a clinical sample and eating 
disorders (especially binge-eating disorder and bulimia nervosa rather 
than anorexia nervosa) typically onset in later adolescence or early 
adulthood [46,47]. Nevertheless, we cannot rule out that early onset of 
disordered eating, for example reduced food intake, and a selective and 
poor diet could lead to GI problems such as constipation.

Seventh, this study is also influenced b y t he l imitations t hat are 
inherent in using a within-twin pair design such as potential un-
measured confounding factors that are causing the differences in the 
exposure and that also may be responsible for the differences i n the 
outcome [25].

Finally, we view this investigation as preliminary given the limited 
available assessments of childhood GI problems. We encourage future 
investigations with more extensive phenotyping to further explore the 
relation between childhood GI problems and disordered eating and 
eating disorders in later adolescence.

In conclusion, our findings show an association between childhood 
GI problems and disordered eating, which is, in part, due to genetic 
and/or familial confounding. Clinicians should be alert for disordered 
eating when treating children and adolescents presenting with pro-
longed constipation or diarrhea and potentially other GI problems. 
Future studies should focus on exploring specific mechanisms that may 
influence both the development of GI problems and disordered eating 
using both clinical and molecular genetic designs.
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