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Purpose: Behavior and temperament (e.g., emotional reactivity,
self-regulation) have been considered relevant to stuttering
and its developmental course, but the direction of this
relation is still unknown. Knowledge of behavior difficulties and
temperament in childhood stuttering can improve screening
and intervention. The current study examined both directions
of the relationship between stuttering and behavior difficulties
and temperament and between persistent stuttering and
behavior difficulties and temperament across childhood.
Method: This study was embedded in the Generation R
Study, a population-based cohort from fetal life onward in
the Netherlands. We analyzed data from 145 children (4.2%)
with a history of stuttering (118 recovered, 27 persistent)
and 3,276 children without such a history. Behavior and
temperament were repeatedly assessed using parental
questionnaires (Child Behavior Checklist) and Infant/Child
Behavior Questionnaire between 0.5 and 9 years of age.
Multiple logistic and linear regression analyses were
performed.
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Results: Six-month-old children who were less able to
“recover from distress,” indicating poor self-regulation,
were more likely to develop persistent stuttering later in
childhood (odds ratio = 2.05, 95% confidence interval (CI)
[1.03, 4.05], p = .04). In the opposite direction, children with
a history of stuttering showed more negative affectivity
(β = 0.19, 95% CI [0.02, 0.37], p = .03) at 6 years of age than
children without such a history. Stuttering persistence was
associated with increased internalizing behaviors (β = 0.38,
95% CI [0.03, 0.74], p = .04) and higher emotional reactivity
(β = 0.53, 95% CI [0.09, 0.89], p = .02) at the age of 9 years.
Conclusions: Behavior and temperament were associated
with stuttering persistency—seemingly as both predictor and
consequence—but did not predict a history of stuttering. We
suggest that children who persist in stuttering should be
carefully monitored, and if behavioral or temperamental problems
appear, treatment for these problems should be offered.
Supplemental Material: https://doi.org/10.23641/asha.
16869479
Developmental stuttering is a speech fluency dis-
order that originates in childhood between 2 and
5 years of age (Kefalianos, Onslow, Packman, et al.,

2017; Yairi & Ambrose, 2013). Stuttering occurs in 5%–11%
of preschool-age children (Boyle et al., 2011; Craig et al., 2002;
Dworzynski et al., 2007; Månsson, 2000; Reilly et al.,
2013). Three to nine years after onset, 65%–80% will have
recovered from stuttering, so that 20%–35% children develop
persistent stuttering (Ambrose et al., 2015; Andrews & Harris,
1964; Franken et al., 2018; Kefalianos, Onslow, Ukourmunne,
et al., 2017; Månsson, 2000; Rommel et al., 1999; Yairi &
Ambrose, 2013). Current views on the etiology and devel-
opmental course of stuttering emphasize multifactorial
models combining genetic/epigenetic, neurobiological,
speech motor control, linguistic, behavioral (temperament,
executive functioning), and environmental (socioeconomic
status) factors (Conture et al., 2013; Smith & Kelly, 1997;
Smith & Weber, 2017). Of all these factors, temperament
has most recently been considered as potentially relevant
to stuttering incidence (i.e., having a history of stuttering)
and its developmental course (Ambrose et al., 2015; Eggers
et al., 2010; Rocha et al., 2019).
Disclosure: The authors have declared that no competing financial or nonfinancial
interests existed at the time of publication.
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Behavior and Temperament: Definition
and Characteristics

Rothbart and Derryberry (1981) define temperament
as constitutionally based individual differences in emotional
reactivity and self-regulation. A person with an emotionally
reactive temperament has strong (intense and quick) emo-
tional reactions, such as frustration, fear, excitement, joy,
or anger, to various situations. Reactivity also refers to a
process or state determined by factors such as stimulus in-
tensity, signal qualities, internal state, and novelty (Rothbart,
1991). Self-regulation refers to processes that modulate
(inhibit or stimulate) reactivity (Rothbart et al., 2011). There
is a continuous interaction between emotional reactivity and
self-regulation. With growth and development, self-regulation
increases and comes under conscious control (Rothbart &
Ahadi, 1994). Temperament is constitutional and is thought
to be stable over time. However, comparable to personal-
ity, of which temperament is the predecessor, temperament
can change slightly from early childhood onward. The child’s
ability to limit the impact of strong emotions, to self-regulate,
may improve and is indicated by behaviors as, for example,
seeking comfort, self-talking, inhibiting approach, withdraw-
ing, distracting, taking time-out from a situation, or shifting
attention away from something that is emotionally arousing
(Evans & Rothbart, 2007; Rothbart et al., 2001).

Problems with self-regulation can result in both exter-
nalizing and internalizing behaviors (Achenbach & Rescorla,
2000, 2001; Eisenberg et al., 2017). Externalizing behaviors
are directed toward others and typically occur in interactions
with others. They may include disruptive behavior that
causes conflicts in relationships (e.g., attention problems,
aggressive behavior). Internalizing behaviors are emotional
symptoms turned toward oneself. They include fearfulness,
social withdrawal, somatic complaints, and negative affect
as seen in anxiety disorders and depression. Those who in-
ternalize keep emotions to themselves.
Measurements of Behavior and Temperament
Researchers have examined behavior and temperament

in preschool children near the timing of stuttering onset using
several methods of measurement (Conture et al., 2013; Jones,
Choi, et al., 2014). First, using behavioral observations and
experimental tests in home or clinical settings, researchers
have found that preschool children who stutter show more
emotional reactivity and poorer self-regulation skills than
their nonstuttering peers (Choi et al., 2013; Eggers et al., 2012,
2013, 2018; Erdemir et al., 2018; Walden et al., 2012).
Second, using psychophysiological methods—electroencepha-
lograms, salivary cortisol, skin conductance level, respiratory
sinus arrhythmia, or sympathetic activity—during video view-
ing or a stressful speaking task, some researchers have found
that children who stutter show more emotional regulation
(e.g., respiratory sinus arrhythmia or higher sympathetic
arousal) during speaking or a stressful task (Arnold et al.,
2011; Choi et al., 2016; Jones, Buhr, et al., 2014, 2017;
Walsh et al., 2019; Zengin-Bolatkale et al., 2018). Third,
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parental reports have been widely used to study temperament
and behavior in childhood (Putnam et al., 2006; Rothbart
et al., 2001). Using a parental questionnaire, rating scale,
performance test, or self-perception scale, researchers have
found a relationship between stuttering and temperament
and behavior during early childhood. In the next two para-
graphs, parent report studies of temperament and behav-
ior in preschool-age and school-age children who stutter
are summarized in the following order: findings on tempera-
ment, externalizing behaviors, and internalizing behaviors.

Temperament, Behavior, and Stuttering
at Preschool Ages

Parental reports reveal reactivity-related behaviors
and poorer self-regulation in preschool children who stutter
(Anderson et al., 2003; Eggers et al., 2009; Embrechts et al.,
2000; Karrass et al., 2006). Ambrose et al. (2015) found that
an emotionally reactive temperament and poorer self-
regulating skills increase the risk that early childhood stut-
tering will persist (see Supplemental Material S1 for additional
information about these and other studies). However, other
researchers have failed to find differences in temperament be-
tween preschool children who do (persist) and do not stutter
(Kefalianos, Onslow, Packman, et al., 2017; Kefalianos
et al., 2014).

Parental reports have been used to examine different
types of comorbid problems in children who stutter. Studies
among young children who stutter found that these children
displayed more externalizing behaviors, more inattention
(distractibility, perceptual sensitivity, and shifting attentional),
hyperactivity–impulsivity (e.g., higher emotional reactivity),
and poorer emotional regulation and inhibitory control than
children who do not stutter (Anderson et al., 2003; Druker
et al., 2019; Karrass et al., 2006). Some children who stutter
are likely to exhibit these behaviors even though they might
not have a clinical diagnosis of attention-deficit/hyperactivity
disorder (ADHD; Lee et al., 2017; Tetnowski, 2004). Further-
more, Alm (2014) argued that hyperactivity might be a posi-
tive (i.e., advantageous) prognostic factor in the development
of childhood stuttering, because children who stutter with a
family history of recovering stuttering showed a higher occur-
rence of traits related to ADHD than children with a family
history of only persistent stuttering (Donaher & Richels,
2012). Studies investigating internalizing behaviors in
preschool-age children found that children who stutter show
some more indication of negative affectivity and a slightly
higher level of shyness and sadness, although it was not sta-
tistically significant (Alm, 2014; Eggers et al., 2010; Smith
et al., 2014). Stuttering was also not related to social or gen-
eral anxiety during the preschool period (Kefalianos et al.,
2014; van der Merwe et al., 2011).

Temperament, Behavior, and Stuttering
at School Age

Research on the direction of the association between
persistent stuttering and temperament and between persistent
4563–4579 • December 2021

m on 03/01/2022, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions 



Downloa
stuttering and behavior at later school ages is limited. So far,
only a few studies have explored the relationship between
persistent stuttering and temperament during the school-age
years, using a parent questionnaire, performance test, or
self-perception scale (Hollister & Zebrowski, 2015; Rocha
et al., 2019). Both of these studies found that school-age
children who stutter experienced greater emotional reactivity
and more regulation problems than their nonstuttering
peers. With regard to externalizing behaviors, Donaher
and Richels (2012) found that children who recovered
showed higher levels of ADHD than those who persisted
in stuttering, and Iverach et al. (2017) found that boys
who stuttered showed more aggressive and rule-breaking
behaviors. However, the cross-sectional design of this
study, with measurements at only one point in time, did
not allow for conclusions about the direction of the rela-
tionship. With regard to internalizing behaviors, and in
contrast to preschool children who stutter, school-age
children who stutter appear to have internalizing behav-
iors, although within normal variation and not directly
indicating clinical disorders (De Nil & Brutten, 1991;
McAllister, 2016). Specifically, school-age children who
stutter were shown to exhibit higher sensitivity, vulner-
ability, and negative attitudes toward speech (De Nil &
Brutten, 1991; Fowlie & Cooper, 1978). However, other
studies did not find that stuttering persistence was related
to internalizing behaviors at school age (Rocha et al., 2019;
Smith et al., 2017). Additionally, studies in (young) adoles-
cents who stutter reported elevated social anxiety, com-
pared to those who recovered and controls (Blood et al.,
2007; Davis et al., 2007; Gunn et al., 2014; Iverach et al.,
2016). A plausible explanation for internalizing and social
problem behaviors in those who persist in stuttering is that
they have to deal with issues such as bullying and negative
evaluations, which might lead to social phobia (Beilby et al.,
2013; Blood & Blood, 2016; Blood et al., 2011).

The Current Study (Hypotheses)
Despite reported associations of behavior and tem-

perament with childhood stuttering, the direction of these
relations remains unknown because of the cross-sectional
design of most studies. As others, we believe that behavior
and temperament may be associated with the incidence and
development of stuttering and that stuttering may also cause
or exacerbate psychosocial problems. Identifying the nature
of this relationship in childhood can help us understand why
stuttering develops and persists and how we may improve
early intervention strategies, for example, when to start inter-
vention and how to determine the type, frequency, and dura-
tion of treatment. The present longitudinal study assessed
bidirectionality in the relation of behavior and temperament
with stuttering across childhood (see Figure 1). We hypothe-
sized that behavior difficulties such as internalizing and exter-
nalizing behaviors and traits of temperamental such as fear,
recovery from distress, or sadness at preschool age are as-
sociated with stuttering and its persistence (Hypothesis 1).
Furthermore, we hypothesized that stuttering and its
Koenraads
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persistence may be associated with behavior difficulties and
traits of temperament such as high reactivity and poor self-
regulation, later during school-age years (Hypothesis 2).

Method
Study Design and Population

This study was embedded in the Generation R Study,
a multi-ethnic population-based prospective cohort from
fetal life onward in Rotterdam, the Netherlands (Kooijman
et al., 2016). The study enrolled pregnant women living in
Rotterdam between April 2002 and January 2006 (N =
9,901), a sample that was largely representative of the
Rotterdam female population. The parents of all participating
children gave written informed consent, and the study was
approved by the Medical Ethics Committee of the Erasmus
Medical Center. When the children were 9 years old, their
parents were sent a questionnaire about speech and language
development (n = 6,887). The questionnaire was returned for
4,141 children (60.1%). Children with incomplete infor-
mation on stuttering (n = 312), with another (un)defined
language disorder (n = 398), or with missing data on all
assessments of behavior and temperament (n = 10) were
excluded, resulting in a sample of 3,421 children. Of these,
3,276 children had no history of stuttering and 145 (4.2%)
had a history of stuttering, of whom 27 (18.6%) persisted
and 118 children (81.4%) recovered from stuttering by the
age of 9 years. A flowchart of the subject selection process
is in Supplemental Material S2.

Measures
Stuttering

When children were 9 years of age, parents completed
a speech and language development questionnaire that con-
tained four yes/no questions about stuttering. Two questions
regarding present or past stuttering were “Does your child
currently stutter?” and “Has your child ever stuttered in the
past?”, and two questions about treatment for stuttering
were “Is your child currently being treated for stuttering?”
and “Has your child ever been treated for stuttering in the
past?” Participants were classified as children with a history
of stuttering if a parent answered “yes” to one of these ques-
tions. Participants were classified as children with persistent
stuttering if a parent answered “yes” to both questions (e.g.,
about present and past stuttering). The classification of stut-
tering and persistent stuttering was not determined directly,
by a speech sample or an expert assessment at any point in
the Generation R Study, but was based only on parental re-
ports of 9-year-old children. Parental reports have been
used in several previous studies of persistence and recovery of
stuttering in childhood (Dworzynski et al., 2007; Kloth et al.,
1999; Koenraads et al., 2019; Månsson, 2000). Parents of chil-
dren who stutter and parents of nonstuttering children can
accurately and reliably identify the absence/presence of
stuttering (Bloodstein & Bernstein Ratner, 2008; Einarsdottir
& Ingham, 2009; Onslow et al., 2018; Reilly et al., 2009;
Tumanova et al., 2018). This last study retrospectively
et al.: Behavior and Temperament in Childhood Stuttering 4565
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Figure 1. Hypotheses and timeline of data collection points. CBCL = Child Behavior Checklist; CBQ = Child Behavior Questionnaire; IBQ =
Infant Behavior Questionnaire.

Downloa
examined behavior and temperament from data collected
when the children were younger (at ages 6 and 18 months
and 3, 5, and 6 years) and currently (at 9 years of age).

Behavioral Assessment
Behavior was assessed using the parent-reported Child

Behavior Checklist (CBCL; Achenbach & Rescorla, 2000,
2001). The CBCL is a widely used inventory that is a reli-
able and valid screening tool for mental health problems in
children (Achenbach & Ruffle, 2000), and it has been shown
to predict Diagnostic and Statistical Manual of Mental Disor-
ders (DSM)–based psychiatric disorders (Hofstra et al., 2002).
The CBCL is used as a screening instrument for behavior
problems and not for examining the full range of a child’s
behavior. This checklist quantifies behavior problems across
a broad spectrum of behaviors making it possible to compare
the behavior problems of children who stutter. In the Gen-
eration R Study, Achenbach and Rescorla (2000) adminis-
tered the CBCL/1.5–5 (preschool version) at ages 1.5, 3,
and 5 years (see Figure 1). The same researchers adminis-
tered the CBCL/6–18 (school-age version; Achenbach &
Rescorla, 2001) at the age of 9 years. Items were scored by
parents on a 3-point scale (0 = not true, 1 = somewhat or
sometimes true, and 2 = very or often true), based on be-
havior over the past 2 months in the preschool version and
over the past 6 months in the school-age version. By using
age-appropriate items, both of the two CBCL versions in-
clude two broadband scales (i.e., externalizing and internal-
izing). These broadband scales are based on second-order
factor analyses of factor-analytically derived syndromes,
measuring behavioral problems on a continuous severity
scale. Given the specific literature on stuttering and emotional
reactivity, we also examined the DSM-oriented scale of “emo-
tional reactivity” (Basten et al., 2013). This nine-item scale is
a validated scale of the CBCL/1.5–5, while the CBCL/6–18
has no official emotional reactivity scale. Therefore, we cre-
ated an emotional reactivity scale by summing five items of
4566 Journal of Speech, Language, and Hearing Research • Vol. 64 •
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the CBCL/1.5–5 emotional reactivity scale that were
also assessed in the older version. The internal consistency
of the scales in our sample was good with a Cronbach’s α
of .63 for emotional reactivity and more than .70 for all
other scales (Achenbach & Edelbrock, 1983).

Assessment of Temperament
Children’s temperament was assessed by parental reports

when the children were 0.5 and 6 years old (see Figure 1),
using an adapted version of the Infant and Child Behavior
Questionnaires (IBQ-R [Gartstein & Rothbart, 2003] and
CBQ [Rothbart et al., 2001]). These questionnaires consist
of age-appropriate items to assess temperament in infancy and
childhood. Details have previously been described (Gartstein &
Rothbart, 2003; Jansen et al., 2009; Roza et al., 2008). Briefly,
the IBQ-R at 6 months of age assesses different temperamental
traits, of which we assessed activity level (e.g., movements
of arms and legs; 12 items), distress to limitations (e.g., fussing
or crying while in caretaking activities; 13 items), duration of
orienting (e.g., attention to a single object for extended
periods of time; 10 items), fear (e.g., startle or distress to
novelty or sudden changes in stimulation; 15 items), recovery
from distress (e.g., rate of recovery from general arousal, ease
of falling asleep; 12 items), and sadness (e.g., general low
mood; 12 items). Parents were asked to indicate how often
the infant engaged in the various behaviors during the last
week. Items were scored by parents on a 3-point scale (0 =
never, 1 = sometimes, and 2 = often). Higher scale scores in-
dicate more of a problem but do not directly point to a dis-
order level.

The CBQ, assessed at 6 years of age, provides a highly
differentiated assessment of temperament in children (Rothbart
et al., 2001). The questionnaire clusters three broad dimensions,
labeled as extraversion/surgency (or positive reactivity; 12
items), negative affectivity (or negative reactivity; 12 items),
and effortful control (self-regulation; 12 items). Parents were
asked to tell how the child reacted in various situations during
4563–4579 • December 2021
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the last 6 months. Parents scored the answer that was most
applicable to their children’s reaction on an 8-point scale
(from 1 = extremely untrue, 7 = extremely true, to 8 = not
applicable) for each of the scales. In the CBQ, surgency com-
prises the subscales impulsivity, activity level, high-intensity
pleasure, motor activation, shyness, approach, and smiling/
laughter. Negative affectivity comprises the scales anger/
frustration, discomfort, sadness, fear, and decreasing
reactivity/soothability. Finally, effortful control com-
prises the scales low-intensity pleasure, inhibitory control,
perceptual sensitivity, attentional focusing and shifting, and
excitatory control. Due to developmental changes, items
and subscales belonging to specific temperamental factors
are slightly different between the IBQ-R and CBQ versions.
Internal consistencies for the adapted IBQ-R (ranged from
.70 to .83) and CBQ (ranged from .69 to .74) are compa-
rable to the internal consistencies of the original ques-
tionnaires (Gartstein & Rothbart, 2003; Rothbart et al.,
2001).

Covariates
Participants’ characteristics, including maternal age

at intake, ethnicity, education, and psychopathology, as
well as children’s characteristics derived from medical re-
cords, such as ethnicity, monolingualism or bilingualism,
intelligence, and psychotherapy, were obtained prospec-
tively by questionnaires. Maternal age at intake was taken
at the first visit of the study. The majority entered the study
early in pregnancy. Maternal ethnicity was defined accord-
ing to the categorization of Statistics Netherlands, into
Western (Dutch and non-Dutch Western) and non-Western
(Statistics Netherlands, 2004). Maternal educational level
was categorized into low-to-medium and high education
levels (consisting of higher vocational education or university;
Statistics Netherlands, 2005). Maternal psychopathology
symptoms were assessed in a prenatal questionnaire, through
the 53-item self-reported Brief Symptom Inventory (Derogatis
& Melisaratos, 1983). Birth predictions (gestational age
and birth weight), date of birth, and sex were taken from
medical records. Child ethnicity was defined as Western
(Dutch and non-Dutch Western) and non-Western (Kooijman
et al., 2016; Statistics Netherlands, 2004). Child intelligence
was measured at 6 years of age with the Snijders–Oomen
nonverbal intelligence test (Tellegen et al., 2005). At chil-
dren’s age of 9 years, parents completed a questionnaire
assessing information about Dutch native language, treat-
ment for stuttering, and psychotherapy. Treatment for
stuttering was categorized as either never had treatment
for stuttering or ever had treatment for stuttering, speech,
and/or language problems. Finally, information about whether
9-year-old children had received psychosocial treatment in
the last 12 months was assessed.
Statistical Analyses
For the main analyses, we divided the total sample

into two groups. First, we identified children with a history
Koenraads
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or incidence of stuttering (with no distinction between per-
sistent and recovered stuttering) and children without such
a history. Second, we divided the group of children with a
history of stuttering into two subgroups: children in whom
stuttering persisted and children who recovered from
stuttering. Differences in descriptive characteristics
between the groups were determined using chi-squared
and Fisher’s exact tests for categorical variables and t tests
for continuous variables. All behavior and temperament
scores were transformed into standard deviation (SD)
scores across the study sample to enable comparability.
Data outliers and missing values were checked. Because
of different data collection points for CBCL and IBQ-R/
CBQ, the number of participants included in each analysis
varied.

In logistic regression analyses (Hypothesis 1), we
retrospectively examined whether behavior (externalizing,
internalizing, emotionally reactive) at the ages of 1.5 and
3 years predicted the incidence of stuttering (comparing
children with and without a history of stuttering). We
also retrospectively examined whether temperamental
traits (fear, recovery from distress, sadness) of infants
at 6 months of age predicted the incidence of stuttering.
Both analyses were repeated to examine whether behav-
ioral difficulties or temperamental traits in early child-
hood predicted stuttering persistency (comparing children
who persisted in stuttering and those who recovered). The
presented models were unadjusted and adjusted for co-
variates. For all logistic regression analyses, values are pre-
sented in odds ratios (ORs) and 95% confidence interval
(95% CI). Because there may be overlap in the behaviors
and temperament across the CBCL at different ages and
the IBQ-R and CBQ, correlations between the measure-
ments were analyzed (Pearson correlations in Supplemental
Material S3).

In linear regression analyses (Hypothesis 2), we ex-
amined the relationship between stuttering history and be-
havior (externalizing, internalizing, emotionally reactive) at
ages 5 and 9 years. We also examined the relationship be-
tween stuttering history and temperamental traits (effortful
control, negative affectivity, surgency) at 6 years of age. Both
analyses were repeated to examine the relationship between
stuttering persistency, and behavioral difficulties and temper-
amental traits. The presented models were unadjusted, ad-
justed for covariates, and additionally adjusted for baseline
behavior scores (at 1.5 and 3 years). In all linear regression
analyses, values are presented in beta coefficients (β) and
95% CI.

To reduce the effect of selective nonresponding,
multiple imputation techniques were used to account for
missing values in covariates (maximum percentage: 22.4%
for maternal psychopathology; see Supplemental Material S4;
Sterne et al., 2009). Multiple imputations were based on the
relations between available information on all variables in-
cluded in the current study. The reported effect estimates
are the pooled results of five imputed datasets according to
standard procedures (Rubin, 2004). All analyses were per-
formed in SPSS (Version 24.0).
et al.: Behavior and Temperament in Childhood Stuttering 4567
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Results
Descriptions of Study Sample

The baseline sample characteristics are shown in
Table 1. Boys stuttered more often than girls (68.3% vs.
31.7%, respectively), and boys persisted more often than girls
(77.8% vs. 22.2%, respectively). In the study sample, mothers
were relatively highly educated with 66.2% having a higher
vocational education or university degree. Descriptive charac-
teristics of behavior and temperament scores are shown in
Table 2.

Associations of Behavior and Temperament in Early
Childhood With Stuttering History and Its
Developmental Course (Hypothesis 1)

In the first set of logistic regression analyses, behavioral
scores at 1.5 and 3 years were not statistically significantly
associated with the risk of stuttering history, nor with the
risk of stuttering persistence in later school-age years (see
Table 3; p > .05).

Likewise, temperamental trait scores at 6 months
were also not associated with risk of stuttering history
(see Table 4; p > .05), except for the “recovery from distress”
scale score, where higher scores were associated with persis-
tent stuttering (OR = 2.05, 95% CI [1.03, 4.05], p = .04). This
OR means that poorer ability to recover from distress at
Table 1. Participants’ characteristics.

Participants’ characteristics

All particip
(N = 3,42

M (SD) or

Children without a
history of
stuttering

n = 3,276 (95.8%)

Ch
a
s

n =

Child characteristics
Gestational age at birth (weeks) 39.8 (1.9) 39
Birth weight (gram) 3,434 (578) 3,4
Sex (% boy) 1,571 (48.0%)
Ethnicity (% Western) 2,552 (78.3%) 1
Multilingualism (% yes) 625 (19.4%)
Intelligence quotient at 6 years (score) 104.3 (14.1) 103
Age at stuttering questionnaire (years) 9.8 (0.4) 9
Ever had treatment for stuttering (% yes) 0
Ever had treatment for stuttering, speech,

and/or language problems (% yes)
585 (17.9%)

Psychosocial treatment at 9 years (% yes) 247 (7.6%)
Maternal characteristics
Maternal age at intake (years) 31.9 (4.50) 31
Maternal ethnicity (% Western) 2,490 (76.5%) 1
Psychopathology score 0.2 (0.3) 0
Maternal education level (% high) 2,042 (66.3%)

Note. For all continuous variables, the mean with standard deviation (SD
the total sample (N = 3,421), data were missing for some variables: gestation
multilingualism (n = 3,364), IQ (n = 2,974), psychotherapy (n = 3,240), mate
education (n = 3,218). In the children with a history of stuttering sample (n
(n = 144), IQ (n = 105), psychotherapy (n = 133), maternal ethnicity (n = 14

*p < .05.

4568 Journal of Speech, Language, and Hearing Research • Vol. 64 •
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6 months, an indication of higher reactivity and poorer
self-regulation, was associated with an increased risk of
persistent stuttering.

Associations of Stuttering History and Persistence
With Behavior and Temperament at (Pre)School
Age (Hypothesis 2)

No significant association was found between stutter-
ing history and later behavior (see Table 5; p > .05). Persis-
tence of stuttering (compared to those who recovered) was
significantly associated with internalizing behavior scores
at 5 years of age when additionally adjusted for baseline
problem scores at 1.5 years (β = 0.52, 95% CI [0.04, 0.99],
p = .04) and 3 years (β = 0.67, 95% CI [0.21, 1.14], p =
.01) and with externalizing behavior scores (β = 0.51, 95%
CI [0.05, 0.98], p = .03) and emotional reactivity (β = 0.51,
95% CI [0.08, 0.94], p = .02) when adjusted for scores at
3 years (see Table 5). Persistence of stuttering was significantly
associated with increased internalizing behavior scores at
9 years of age (β = 0.38, 95% CI [0.03, 0.74], p = .04). A
similar significant result was found for higher emotional
reactivity at 9 years of age (β = 0.53, 95% CI [0.09, 0.89],
p = .02). For a final step, the analyses were adjusted for
baseline behavior scores at 1.5 and 3 years. The effect esti-
mate in internalizing and emotionally reactive scores at
9 years remained statistically significant and, if anything,
ants
1),
n (%)

Children with a history of stuttering
(n = 145),

M (SD) or n (%)

ildren with
history of
tuttering
145 (4.2%) p

Children who
recovered from

stuttering
n = 118 (81.4%)

Children who
persisted in
stuttering

n = 27 (18.6%) p

.8 (1.7) .95 39.8 (1.8) 39.9 (1.2) .78
54 (539) .62 3,443 (553) 3,527 (479) .46
99 (68.3%) < .01* 78 (66.1%) 21 (77.8%) .36
07 (74.3%) .26 90 (76.9%) 17 (63.0%) .15
30 (20.8%) .67 23 (19.5%) 7 (26.9%) .43
.0 (15.6) .31 103.3 (15.7) 101.4 (15.4) .57
.8 (0.3) .89 9.9 (0.4) 9.7 (0.2) .06
65 (44.8%) 46 (38.9%) 19 (70.4%) .01*
79 (54.5%) < .01* 60 (50.8%) 19 (70.4%) .05

14 (10.5%) .26 10 (9.1%) 4 (17.4%) .26

.1 (4.2) .03* 30.9 (4.3) 31.5 (4.0) .51
05 (72.9%) .61 89 (76.1%) 16 (59.3%) .09
.2 (0.3) .32 0.3 (0.3) 0.2 (0.3) .61
88 (64.2%) .65 75 (66.4%) 13 (54.2%) .35

) is presented; for all categorical variables, the n (%) is presented. In
al age (n = 3,404), birth weight (n = 3,418), child ethnicity (n = 3,403),
rnal ethnicity (n = 3,401), psychopathology score (n = 2,655), and
= 145), data were missing for some variables: child multilingualism
4), psychopathology score (n = 121), and education (n = 144).
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Table 2. Descriptive behavioral and temperamental scores.

Outcome questionnaires

All participants
(N = 3,421),
median (IQR)

Children with a history of stuttering
(n = 145),

median (IQR)

Children without
a history of
stuttering

n = 3,276 (95.8%)

Children with
a history of
stuttering

n = 145 (4.2%) p

Children who
recovered from

stuttering
n = 118 (81.4%)

Children who
persisted in
stuttering

n = 27 (18.6%) p

Behavior
CBCL at 1.5 years
Age (months) 18.4 (17.8–18.5) 18.2 (17.8–18.6) .11 18.1 (17.8–18.5) 18.4 (17.8–18.7) .49
Externalizing score 9.0 (5.0–14.0) 9.0 (5.0–17.0) .65 9.0 (5.0–16.0) 9.0 (3.0–20.0) .90
Mean z score −0.005 0.111 .24 0.096 0.186 .77
In normal range, n (%) 2,263 (88.9) 86 (80.4) .03* 173 (82.0) 13 (72.2) .34

Internalizing score 4.0 (2.0–6.0) 4.0 (2.0–7.0) .20 4.0 (2.0–6.7) 4.1 (1.0–11) .93
Mean z score −0.006 0.145 .13 0.114 0.295 .60
In normal range, n (%) 2,402 (94.8) 100 (93.5) .56 84 (94.4) 16 (88.9) .39

Emotionally reactive score 1.0 (0.0–2.0) 1.0 (0.0–3.0) .25 1.0 (0.0–2.3) 1.0 (0.0–3.3) .85
Mean z score −0.005 0.106 .26 0.073 0.270 .48
In normal range, n (%) 2,485 (98.0) 102 (95.3) .21 86 (96.6) 16 (88.9) .34

CBCL at 3 years
Age (months) 36.1 (35.8–36.7) 36.2 (35.8–36.7) .85 36.6 (35.8–36.7) 36.1 (35.8–37.0) .90
Externalizing score 7.0 (3.0–11.0) 7.0 (4.0–12.0) .40 7.2 (4.0–12.0) 4.0 (2.8–13.5) .33
Mean z score −0.004 0.104 .27 0.123 0.007 .68
In normal range, n (%) 2,086 (80.6) 83 (76.9) .33 71 (78.9) 112 (66.7) .27

Internalizing score 4.0 (2.0–6.0) 4.0 (2.0–7.8) .30 4.0 (2.0–8.0) 3.5 (1.0–7.3) .47
Mean z score −0.007 0.176 .15 0.165 0.231 .84
In normal range, n (%) 2,097 (81.1) 81 (75.0) .16 67 (74.4) 114 (77.8) .77

Emotionally reactive score 1.0 (0.0–2.0) 1.0 (0.0–2.0) .29 1.0 (0.0–2.0) 1.0 (0.0–2.3) .30
Mean z score −0.005 0.118 .21 0.146 −0.026 .55
In normal range, n (%) 2,054 (79.4) 85 (78.7) .86 71 (78.9) 114 (77.8) .92

CBCL at 5 years
Age (years) 5.9 (5.8–6.1) 5.9 (5.8–6.1) .77 5.9 (5.8–6.1) 5.9 (5.7–6.1) .37
Externalizing score 5.0 (2.0–10.0) 7.0 (3.0–11.0) .02* 6.0 (3.0–11.0) 8.0 (2.0–16.8) .30
Mean z score −0.007 0.156 .06 0.093 0.443 .20

Internalizing score 4.0 (2.0–7.0) 5.0 (2.0–8.0) .10 5.0 (2.0–8.0) 6.0 (1.0–11.5) .52
Mean z score −0.004 0.092 .27 0.043 0.315 .31

Emotionally reactive score 1.0 (0.0–2.0) 1.0 (0.0–3.0) .18 1.0 (0.0–2.0) 1.0 (0.0–3.0) .71
Mean z score −0.001 0.027 .75 −0.000 0.149 .43

CBCL at 9 years
Age (years) 9.7 (9.5–9.8) 9.7 (9.6–9.8) .76 9.7 (9.6–9.8) 9.6 (6.5–9.8) .07
Externalizing score 2.0 (0.0–5.0) 3.0 (1.0–5.0) .21 3.0 (0.3–5.0) 3.0 (1.0–6.0) .38
Mean z score −0.002 0.046 .57 0.006 0.219 .31
In normal range, n (%) 2,589 (81.8) 118 (82.5) .83 97 (83.6) 121 (77.8) .32

Internalizing score 3.0 (1.0–6.0) 3.1 (2.0–6.0) .12 3.0 (2.0–6.0) 5.0 (2.1–9.0) .08
Mean z score −0.001 0.020 .81 −0.042 0.289 .06
In normal range, n (%) 2,547 (80.4) 112 (78.3) .53 93 (80.2) 119 (70.4) .48

Emotionally reactive score 1.0 (0.0–2.0) 1.0 (0.0–2.0) .11 1.0 (0.0–2.0) 1.0 (1.0–3.0) .04*
Mean z score −0.005 0.109 .19 0.014 0.515 .06

(table continues)
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Table 2. (Continued).

Outcome questionnaires

All participants
(N = 3,421),
median (IQR)

Children with a history of stuttering
(n = 145),

median (IQR)

Children without
a history of
stuttering

n = 3,276 (95.8%)

Children with
a history of
stuttering

n = 145 (4.2%) p

Children who
recovered from

stuttering
n = 118 (81.4%)

Children who
persisted in
stuttering

n = 27 (18.6%) p

Temperament
IBQ at 0.5 years
Age (months) 6.4 (6.0–7.6) 6.3 (6.0–7.4) .56 6.4 (6.1–7.5) 6.4 (5.8–7.5) .70
Activity level 0.8 (0.5–1.0) 0.8 (0.5–0.8) .61 0.7 (0.5–0.9) 0.8 (0.5–1.0) .52
Mean z score 0.001 −0.034 .76 −0.086 0.163 .35

Distress to limitations 0.7 (0.5–0.8) 0.7 (0.5–0.8) .99 0.7 (0.5–0.8) 0.7 (0.3–0.8) .85
Mean z score 0.002 −0.044 .68 −0.005 −0.193 .46

Fear 0.3 (0.1–0.5) 0.3 (0.1–0.5) .82 0.3 (0.1–0.4) 0.3 (0.1–0.7) .59
Mean z score −0.000 0.008 .94 −0.062 0.281 .20

Duration of orienting 1.0 (0.7–1.2) 1.0 (0.8–1.3) .15 1.0 (0.8–1.3) 1.1 (0.6–1.3) .34
Mean z score −0.006 0.159 .15 0.176 0.090 .77

Recovery from distress 1.6 (1.3–1.8) 1.6 (1.3–1.8) .70 1.5 (1.3–1.8) 1.7 (1.5–1.9) .13
Mean z score −0.003 0.063 .57 −0.050 0.485 .04*

Sadness 0.7 (0.4–0.8) 0.7 (0.5–0.9) .14 0.8 (0.5–0.9) 0.6 (0.4–0.8) .07
Mean z score −0.007 0.157 .14 0.263 −0.256 .09

CBQ at 6 years
Age (years) 6.0 (5.8–6.2) 6.0 (5.8–6.3) .98 6.1 (5.8–6.3) 6.0 (5.8–6.3) .56
Effortful control 5.3 (4.9–5.8) 5.3 (4.7–5.8) .31 5.3 (4.8–5.8) 4.5 (3.6–5.2) .29
Mean z score 0.005 −0.111 .20 −0.037 −0.435 .18

Negative affectivity 3.7 (3.1–4.3) 3.8 (3.3–4.3) .03* 3.8 (3.3–4.3) 3.8 (3.6–4.9) .09
Mean z score −0.008 0.191 .03* 0.162 0.318 .46

Surgency 4.4 (3.9–5.0) 4.5 (3.8–5.0) .95 4.5 (3.8–5.0) 4.5 (3.6–5.2) .95
Mean z score 0.001 −0.026 .77 −0.031 −0.001 .89

Note. All continuous variables are presented as median (interquartile range [IQR]). “In normal range” means that children did not score in the borderline or clinical behavioral range.
In the total sample (N = 3,421), data were missing for some questionnaires: CBCL at 1,5 years (n = 2,653), CBCL at 3 years (n = 2,695), CBCL at 5 years (n = 3,218), CBCL at 9 years
(n = 3,308), CBQ at 0.5 years (n = 2,081), and CBQ at 6 years (n = 3,029). In the children with a history of stuttering sample (n = 145), data were missing for some questionnaires: based
on CBCL at 1.5 years (n = 107), CBCL at 3 years (n = 108), CBCL at 5 years (n = 137), CBCL at 9 years (n = 142), CBQ at 0.5 years (n = 83), and CBQ at 6 years (n = 129). CBCL = Child
Behavior Checklist; IBQ = Infant Behavior Questionnaire; CBQ = Child Behavior Questionnaire.

*p < .05.
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Table 3. Behaviors in preschool years and stuttering history and stuttering persistency.

CBCL score

Risk of stuttering history Risk of stuttering persistency

n

Unadjusted Confounder adjusteda

n

Unadjusted Confounder adjusteda

OR [95% CI] p OR [95% CI] p OR [95% CI] p OR [95% CI] p

At 1.5 years
Externalizing 2,653 1.12 [0.93, 1.35] .24 1.04 [0.86, 1.26] .68 107 1.06 [0.70, 1.61] .77 1.04 [0.65, 1.66] .87
Internalizing 2,642 1.14 [0.96, 1.35] .13 1.07 [0.89, 1.28] .49 107 1.15 [0.75, 1.78] .52 1.25 [0.67, 2.33] .48
Emotionally reactive 2,644 1.11 [0.93, 1.32] .26 1.06 [0.88, 1.27] .54 107 1.18 [0.75, 1.84] .48 1.19 [0.73, 1.96] .21

At 3 years
Externalizing 2,695 1.11 [0.92, 1.33] .27 1.04 [0.86, 1.26] .72 108 0.90 [0.55, 1.47] .68 0.83 [0.48, 1.42] .49
Internalizing 2,694 1.17 [0.99, 1.37] .06 1.12 [0.93, 1.33] .23 108 1.04 [0.71, 1.52] .84 1.04 [0.65, 1.67] .88
Emotionally reactive 2,694 1.12 [0.94, 1.33] .21 1.07 [0.89, 1.29] .47 108 0.86 [0.51, 1.42] .55 0.79 [0.45, 1.40] .42

Note. Values were derived from logistic regression analyses in children with and without a history of stuttering. CBCL scores were z-standardized
across the study sample. CBCL = Child Behavior Checklist; OR = odds ratio; CI = confidence interval.
aConfounders included child sex, and maternal ethnicity, education, and psychopathology score.

Downloa
even strengthened (e.g., at 9 years, emotionally reactive
β = 0.53 became β = 0.83 after adjustment for baseline
scores).

The analyses with temperament (see Table 6) showed
that children with a history of stuttering had higher “nega-
tive affectivity” scores at 6 years of age (β = 0.19, 95% CI
[0.02, 0.37], p = .03) compared to those without a history
of stuttering. No association was found between stuttering
persistency and temperament at 6 years of age (p > .05).
Discussion
In the Generation R Study, a large group of children

from the general population with stuttering (recovered and
persistent) and another group without a history of stutter-
ing were analyzed. We found hardly any evidence for our
first hypothesis that either behavior or temperament at
6 months to 3 years of age was associated with a history
of stuttering. However, we found that young children who
were less able to recover from distress, because of high re-
activity and poor self-regulation, were more likely to persist
Table 4. Temperament at 6 months and stuttering history and stuttering p

IBQ-R at 6 months

Risk of stuttering history

n

Unadjusted Confounder ad

OR [95% CI] p OR [95% CI]

Activity level 2057 0.97 [0.77, 1.21] .76 0.90 [0.71, 1.14
Distress to limitation 2048 0.95 [0.76, 1.19] .68 0.87 [0.69, 1.10
Fear 2081 1.01 [0.81, 1.26] .94 1.01 [0.80, 1.26
Duration of orienting 2061 1.18 [0.94, 1.48] .15 1.15 [0.92, 1.44
Recovery from distress 2018 1.07 [0.85, 1.34] .57 1.16 [0.92, 1.46
Sadness 2073 1.18 [0.95, 1.46] .14 1.10 [0.88, 1.37

Note. Values were derived from logistic regression analyses in children with
across the study sample. IBQ-R = Infant Behavior Questionnaire–Revised;
aConfounders included child sex, and maternal ethnicity, education, and p
*p < .05.

Koenraads

ded from: https://pubs.asha.org Erasmus MC-Erasmus Univ Medical Ctr Rotterda
in stuttering. Our results support the second hypothesis
that both stuttering history and stuttering persistence in early
years are associated with behavior difficulties and tempera-
ment later on—at 5–9 years of age. These findings provide
a first glimpse into processes contributing to the associa-
tion of childhood stuttering with behavior difficulties and
temperament.
The Association of Behavior and Temperament
in Early Childhood With Stuttering History
and Persistence (Hypothesis 1)

We first examined whether behavior and temperament
at very early ages—up to 3 years—were associated with
stuttering and its developmental course (Hypothesis 1). Our
finding of no significant associations with stuttering history
agreed with the review of Alm (2014), which concluded that
behavior and temperament were equally prevalent in
preschool-age children who stutter and in those who do not
stutter. It also agreed with Reilly et al. (2009) who found no
significant differences in behavior (e.g., internalizing, shyness)
ersistency.

Risk of stuttering persistency

justeda

n

Unadjusted Confounder adjusteda

p OR [95% CI] p OR [95% CI] p

] .37 81 1.29 [0.76, 2.22] .35 1.21 [0.78, 2.16] .52
] .24 82 0.80 [0.45, 1.43] .46 0.75 [0.40, 1.41] .37
] .97 83 1.38 [0.84, 2.28] .21 1.75 [0.95, 3.22] .07
] .22 80 0.92 [0.54, 1.57] .77 0.85 [0.47, 1.54] .59
] .22 81 1.90 [1.00, 3.62] .05* 2.05 [1.03, 4.05] .04*
] .41 83 0.64 [0.38, 1.08] .09 0.62 [0.32, 1.17] .14

and without a history of stuttering. IBQ-R scores were z-standardized
OR = odds ratio; CI = confidence interval.

sychopathology score.
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Table 5. Relation of stuttering history and stuttering persistency with later behaviors in school years.

Childhood stuttering

CBCL score

At 5 years At 9 years

Externalizing Internalizing Emotionally reactive Externalizing Internalizing Emotionally reactive

n
Beta

[95% CI] p n
Beta

[95% CI] p n
Beta

[95% CI] p n
Beta

[95% CI] p n
Beta

[95% CI] p n
Beta

[95% CI] p

Stuttering history
Unadjusted 3,218 0.16

[−0.01, 0.33]
.06 3,207 0.10

[−0.07, 0.27]
.27 3,203 0.03

[−0.14, 0.20]
.75 3,306 0.05

[−0.12, 0.22]
.57 3,308 0.02

[−0.15, 0.19]
.80 3,301 0.11

[−0.05, 0.28]
.18

Confounder adjusteda 3,218 0.08
[−0.09, 0.25]

.35 3,207 0.05
[−0.12, 0.21]

.59 3,203 −0.02
[−0.19, 0.15]

.81 3,306 −0.02
[−0.18, 0.15]

.84 3,308 0.01
[−0.16, 0.18]

.92 3,301 0.09
[−0.07, 0.26]

.28

Additionally adjusted for
CBCL at 1.5 years 2,537 0.13

[−0.04, 0.30]
.14 2,521 0.07

[−0.11, 0.24]
.45 2,522 0.02

[−0.16, 0.20]
.81 2,577 −0.01

[−0.19, 0.17]
.91 2,569 0.03

[−0.16, 0.21]
.76 2,564 0.14

[−0.05, 0.33]
.14

CBCL at 3 years 2,591 0.08
[−0.07, 0.24]

.29 2,585 −0.01
[−0.17, 0.15]

.91 2,584 −0.05
[−0.22, 0.13]

.60 2,625 −0.09
[−0.26, 0.08]

.32 2,626 −0.08
[−0.26, 0.10]

.14 2,620 0.06
[−0.13, 0.24]

.53

Stuttering persistency
Unadjusted 137 0.35

[−0.07, 0.78]
.11 137 0.27

[−0.15, 0.69]
.21 137 0.15

[−0.22, 0.52]
.43 142 0.21

[−0.17, 0.18]
.30 142 0.33

[−0.19, 0.11]
.06 142 0.50

[0.07, 0.93]
.02*

Confounder adjusteda 137 0.33
[−0.10, 0.76]

.13 137 0.35
[−0.08, 0.77]

.11 137 0.18
[−0.20, 0.57]

.35 142 0.18
[−0.22, 0.58]

.38 142 0.38
[0.03, 0.74]

.04* 142 0.53
[0.09, 0.98]

.02*

Additionally adjusted for
CBCL at 1.5 years 101 0.46

[−0.06, 0.97]
.08 101 0.52

[0.04, 0.99]
.04* 101 0.37

[−0.10, 0.83]
.12 105 0.28

[−0.23, 0.79]
.29 105 0.47

[0.03, 0.90]
.04* 105 0.82

[0.25, 1.40]
.01*

CBCL at 3 years 103 0.51
[0.05, 0.98]

.03* 103 0.67
[0.21, 1.14]

.01* 103 0.51
[0.08, 0.94]

.02* 106 0.25
[−0.22, 0.72]

.30 106 0.43
[0.05, 0.81]

.03* 106 0.83
[0.30, 1.36]

.00*

Note. Values were derived from linear regression analyses. CBCL scores were z-standardized across the study sample. CBCL = Child Behavior Checklist; CI = confidence interval.
aConfounders included child sex, and maternal ethnicity, education, and psychopathology score.
*p < .05.
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Table 6. Stuttering history and stuttering persistency and temperament at 6 years.

CBQ score at 6 years

Effortful control Negative affectivity Surgency

n Beta [95% CI] p n Beta [95% CI] p n Beta [95% CI] p

Stuttering history
Unadjusted 3,024 −0.12 [−0.29, 0.06] .20 3,028 0.20 [0.02, 0.38] .03* 3,026 −0.03 [−0.20, 0.15] .77
Confounder adjusteda 3,024 −0.03 [−0.20, 0.14] .74 3,028 0.19 [0.02, 0.37] .03* 3,026 −0.05 [−0.23, 0.12] .26

Stuttering persistency
Unadjusted 128 −0.40 [−0.87, 0.07] .10 128 0.16 [−0.25, 0.57] .46 128 0.03 [−0.42, 0.48] .89
Confounder adjusteda 128 −0.24 [−0.71, 0.24] .33 128 0.17 [−0.26, 0.59] .44 128 −0.02 [−0.48, 0.44] .94

Note. Values were derived from linear regression analyses. CBQ scores were z-standardized across the study sample. CBQ = Child
Behavior Questionnaire; CI = confidence interval.
aConfounders included child sex, and maternal ethnicity, education, and psychopathology score.
*p < .05.

Downloa
between 0- to 3-year-old children who stutter and those who
do not stutter. In addition, it agreed with Embrechts et al.
(2000) who found that 3- to 8-year-old children who stutter
were not more shy or fearful than children of the same age
who do not stutter. We did find, however, that children
who later persisted in stuttering were less able to “recover
from distress” at 6 months—suggesting regulation problems
in infancy. This has not been examined in studies of stutter-
ing before. However, studies focusing on other outcomes also
suggest that early life factors related to “recovery from
distress” predict later functioning in children. One study
reported that 15-month-old children who exhibited high
levels of reactivity but low levels of regulation (linked to
“recover from distress”) had poorer executive function at
preschool age (Ursache et al., 2013). Another study reported
that emotionality (i.e., a tendency to react even to low-
intensity stimuli with negative emotions) in infancy pre-
dicted later behavior problems and less social competence
(Mathiesen & Prior, 2006). It is clearly conceivable that
young children with poorer self-regulation skills, such as
difficulty in recovering from peak distress or from excite-
ment or general arousal (Rothbart & Derryberry, 1981),
are more likely to persist in stuttering (Conture et al., 2006;
Eggers et al., 2010; Zengin-Bolatkale et al., 2015). However,
the weak associations, and the small proportion of explained
variation, in our study and the evidence from other studies
suggest that these early temperamental traits are at most a
secondary or minor risk factor for persistent stuttering. Sev-
eral other genetic, neurodevelopmental, behavioral, and
environmental factors are probably more influential in
the developmental course of stuttering.

Stuttering History and Its Association With
Behavior and Temperament at Preschool
and School Ages (Hypothesis 2)

We also hypothesized that stuttering history is associ-
ated with, or precedes, behavioral difficulties such as high
reactivity and low self-regulation skills at preschool and
school ages—from 5 to 9 years of age. Indeed, the current
Koenraads

ded from: https://pubs.asha.org Erasmus MC-Erasmus Univ Medical Ctr Rotterda
study found more negative affect such as anger, frustration,
or sadness among 6-year-old children with a history of
stuttering. This small but significant association is consistent
with Ambrose et al. (2015) who found higher negative
affectivity in preschool-age children who persisted in stuttering,
with Eggers et al. (2010) who reported higher tempera-
ment scores in children who stutter, and with Anderson
et al. (2003) who found that children who stutter were
less distractible and less adaptable to change. A negative
perception of speaking may occur when the awareness of
stuttering becomes more pronounced (Vanryckeghem et al.,
2005, 2015; both using the KiddyCAT [Communication
Attitude Test]), which can be expected to happen around
4 years of age (Ambrose & Yairi, 1994; De Nil & Brutten,
1991; Vanryckeghem & Brutten, 1997). Similarly, Ezrati-
Vinacour et al. (2001), using a pair of puppets, one fluent
and the other displaying disfluent speech, found that chil-
dren from the age of 3 years showed awareness of the dis-
fluency, but most children reached full awareness at the
age of 5 years. Also, negative self-evaluation of disfluent
speech was observed from the age of 4 years.

Furthermore, previous findings on temperament
(Anderson et al., 2003; Eggers et al., 2010) suggest that
less adaptability to change, as well as increased emotional
reactivity and decreased self-regulation, might cause chil-
dren who stutter to respond negatively to disruptions in
their speech fluency (Guitar, 2016; Walden et al., 2012).
These responses may in turn cause increased physical ten-
sion in the speech musculature after a fluency breakdown,
which might exacerbate the stuttering.

Stuttering Persistence and Its Association
With Behavior and Temperament at Preschool
and School Ages (Hypothesis 2)

Finally, we also found that children who persisted in
stuttering had increased internalizing behaviors and higher
emotional reactivity at 5 and 9 years of age compared to
children who recovered from stuttering (Hypothesis 2). These
results remained significant after adjusting for behavior scores
et al.: Behavior and Temperament in Childhood Stuttering 4573
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at 1.5 and 3 years, which suggests that these behaviors had
developed between the ages 3 and 9 years. This finding
agrees with studies suggesting that emotional reactivity,
hyperactivity, and social anxiety are higher in children who
persist in stuttering (Ambrose et al., 2015; Davis et al., 2007;
Donaher & Richels, 2012; Hollister & Zebrowski, 2015;
Rocha et al., 2019). We do acknowledge the small number
(n = 27) of children who persisted in stuttering in our study
sample.

Our findings of both behavior and temperament traits
may be explained by temperament studies reporting that
school-age children with a high negative affectivity and
low self-regulation are prone to externalizing behaviors,
with the effect of lower regulation stronger for those with
high negative emotionality (Eisenberg et al., 1996; Rothbart
& Bates, 2006). For example, we suggest that if children with
high negative affectivity and low self-regulation become anx-
ious or get irritated or angry because of their stuttering, or if
they receive negative reactions to their stuttering from others,
these reactions may cause a longer lasting negative affectivity.
Moreover, the effect of self-regulation can be strong for those
with high positive emotionality. For example, we suggest that
if these children become easily excited or very enthusiastic
about something new, or if they respond with high sensitivity
to ordinary stimuli, this reaction may impair their ability
to regulate these emotions, which may increase their speech
disfluencies. Furthermore, we speculate that the older the
children are, the more likely it is that their behavior and
emotional well-being has been affected or shaped by the
experiences of stuttering. So, a vicious cycle may occur in
which stuttering and behavior and temperament influence
and exacerbate each other (Conture et al., 2013).

Clinical Implications
Clinically, it is important to determine if behavior

difficulties and temperament increase the probability of per-
sistent stuttering, and at what age these predictors emerge,
because they can indicate not only stuttering but also other
serious problems later in life, such as social anxiety (Blumgart
et al., 2010; Iverach et al., 2016; Stein et al., 1996). Our study
suggests that behavior and temperament assessments may
help speech-language pathologists and other clinicians in
the treatment of stuttering. This knowledge, in combination
with other risk factors for persistent stuttering, could con-
tribute to planning interventions that integrate psychologi-
cal issues for children and young adolescents who stutter
and their parents (Messenger et al., 2015; Smith et al., 2014).
Treatment that includes behavioral and temperament tar-
gets may be more successful than treatment for speech
alone (Druker et al., 2020). This has been shown in adults,
but it may also be true for children (Menzies et al., 2008).
In general, we recommend that speech-language patholo-
gists and other clinicians screen behavior and temperament
for internalizing behaviors, self-regulation problems, and
reactive temperament as part of a comprehensive evaluation
of stuttering, starting at preschool age. Such screening may
improve the caseload selection and thereby prevent or reduce
4574 Journal of Speech, Language, and Hearing Research • Vol. 64 •
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the psychological burden on school-age children who stutter
and simultaneously reduce the costs for society. An example
of a recently developed screening tool is the Short Behavioral
Inhibition Scale, a valid and reliable parent report scale of
behavioral inhibition (Ntourou et al., 2020). Using this scale,
the authors found that behavior inhibition in early childhood
stuttering is presented with greater stuttering frequency,
more severe stuttering, and more negative communication
attitudes.

Limitations and Strengths
One limitation of this study is that all data were parent

reported. Parental questionnaires have the important advan-
tage of tapping into the vast knowledge base of parents who
observe their child in many different, everyday situations over
a long period of time. Parents may notice infrequently occur-
ring or variable behaviors and speech disfluencies that might
be missed by a professional’s single observation or test. On
the other hand, parents may not remember mild or transient
stuttering after several years. To this point, the female–male
ratio is 1:1.5 at stuttering onset, but with increasing age, it is
estimated to be 1:3, suggesting the recovery rate in girls is
higher (Yairi & Ambrose, 2013). Because we found a sex
ratio of 1:2.2, it may be that the parents of girls in our study
underreported a history of stuttering. Besides, parental ques-
tionnaires might be biased by subjective factors resulting in
overestimation or underestimation of their child’s fluency,
behavioral problems, or temperamental traits, because the
parents have a history of stuttering or psychopathology or
because other children in the family have speech or psycho-
social problems. A second limitation is that because of un-
certainty in some of the information about stuttering, such
as the exact age of onset or the duration and severity of
stuttering, or a family history of stuttering, and the large
time gaps between the behavioral measures, we could not
perform a cross-lagged analysis to estimate which direction
of the association between stuttering and behavior was
stronger. Also, because our study is observational, con-
clusions concerning causality are limited. Conclusions
about causality are also limited because we examined
behavior and temperament data at ages 6 months and 1.5,
3, 5, 6, and 9 years and do not know exactly when the stut-
tering began. Specifically, we do not know if the stuttering
began before, after, or around the time a behavior or temper-
ament measure was administered. Therefore, caution must be
taken when interpreting the findings. A third limitation is
that we emphasize that high or low scores on behavior and
temperament tests are not the same as clinical disorders, but
it rather reflects the distribution of scores on a continuum in
the general population. Furthermore, we could not perform a
dose–response analyses (from which causality might be in-
ferred) to estimate the relationship between severity of stut-
tering and psychological issues. Fourth, although this is
one of the largest population-based studies of the associa-
tion between behavior and temperament and stuttering, the
sample size of those who stuttered, and particularly those
who persisted, are still limited. Finally, nonresponse analyses
4563–4579 • December 2021
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showed that children included in the current study were more
likely to have more highly educated mothers and a Western
ethnicity than children who were excluded from the study due
to incomplete data (n = 3,466; see Supplemental Material S5).
Therefore, our findings may not be generalized to a less-
advantaged population. However, because most other
studies have recruited participants from clinical populations,
our findings are more representative of the wider population
of children who do and do not stutter. Additionally, the
incidence of stuttering in the Generation R Study corre-
sponds with the generally accepted incidence of stutter-
ing in preschool-age children as reported in many other
population-based samples (Boyle et al., 2011; Craig et al.,
2002; Dworzynski et al., 2007; Månsson, 2000), suggesting
a balanced reflection of our society.

These limitations are offset by various strengths of
the study. First, a prospective population-based study de-
sign allows us to examine early behavior and temperament
traits in young children roughly before (ages 0.5, 1.5, and
3 years) and after (ages 5, 6, and 9 years) the onset of stut-
tering. Second, this longitudinal study tracks participants
over a period from infancy through preschool and the
school-age years. Therefore, we were able to compare very
early behavioral outcomes in different fluency groups: chil-
dren who persisted in stuttering, children who began to
stutter but eventually recovered, and peers without a his-
tory of stuttering. Finally, our study is a rare longitudinal
population-based study and is comparable so far to only
one other study cohort that also investigated behavior de-
velopment and stuttering in young children (Kefalianos,
Onslow, Ukoumunne, et al., 2017).

Further Directions
More future research on stuttering and its psychologi-

cal correlates will add to our understanding of the relation-
ship between stuttering, behavior, and temperament. It may
also determine how stuttering onset or persistency impacts,
and is impacted by, behavior and temperament in early
childhood. We still lack knowledge about how behavior
and temperament are related to the specific time of stut-
tering onset, the severity of stuttering in different situations,
the duration of stuttering, and treatment details (Kraft
et al., 2019). Such studies should assess behavior more
frequently, with smaller time gaps between ages, and at
similar time points as the stuttering assessments. Research
has shown that stuttering severity becomes a predictive sign
1 year after onset (Yairi & Ambrose, 1999), but the associ-
ation of severity with behavior and temperament has not
yet been investigated. Future longitudinal research would
benefit from collecting long-term outcomes from a larger
group of children who recovered or persisted in stuttering.
Furthermore, studies are needed to improve current multi-
factorial models combining genetic, neurobiological, psycho-
logical, and environmental factors. For example, genetic
research may help clarify the relationship of persistent stut-
tering with behavior and temperament by identifying a
common genetic or neurobiological cause. Also, linguistic
Koenraads

ded from: https://pubs.asha.org Erasmus MC-Erasmus Univ Medical Ctr Rotterda
and speech motor problems should be monitored because
temperamental factors have been suggested to interact
with both (Ambrose et al., 2015).
Conclusions
The current study supported bidirectionality in the

relationship of behavior and temperament with stuttering
and its persistence in childhood. Poorer recovery from dis-
tress because of higher reactivity and poorer self-regulation
at 6 months was associated with stuttering persistence. It is
important to note this was the only significant finding in
infancy. We can cautiously conclude that persistent stutter-
ing puts children at risk for developing or increasing emo-
tional reactivity and internalizing behaviors in the school-
age years. Therefore, screening for behavior difficulties
and temperament in preschool-age children who stutter is
highly recommended. In addition, children who persist in
stuttering at school age should be monitored for behavior
problems and the development of temperamental traits, en-
abling timely targeted treatment that may help prevent dis-
orders such as social anxiety.
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