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ABSTRACT

Background: Anxiety disorders are among the most prevalent mental health conditions worldwide, and their effects extend
beyond emotional and cognitive domains to communication. Phonological speech impairments, including stuttering,
cluttering, reduced vocal quality, and word-finding difficulties, have been frequently observed in individuals with heightened
anxiety. Understanding the mechanisms underlying this association is important for both clinical and linguistic practice.
Objective: This narrative review aimed to synthesize existing literature on the relationship between anxiety and phonological
speech impairments, focusing on neurobiological, physiological, and cognitive mechanisms, and to highlight implications for
clinical management. Methods: Relevant studies were identified through searches of PubMed, PsycINFO, Scopus, and Google
Scholar. Inclusion criteria emphasized empirical studies, reviews, and theoretical papers addressing anxiety and speech
production processes. Findings were organized thematically into domains of neurobiological substrates, phonological speech
impairments, and linking mechanisms. Results: Evidence suggests that hyperactivation of the amygdala, dysregulation of the
hypothalamic—pituitary—adrenal axis, and altered prefrontal control reduce resources available for speech planning and
execution. Anxiety-related physiological changes—such as muscle tension, shallow breathing, and elevated stress hormones—
Sfurther compromise articulatory precision, prosody, and vocal quality. Cognitive interference and excessive self-monitoring
contribute to disfluency, word-finding difficulties, and rate abnormalities. Although consistent associations are reported for
stuttering and voice changes, evidence for cluttering and long-term effects remains limited. Conclusion: Anxiety contributes
to phonological speech impairments through multifactorial pathways involving neurobiology, physiology, and cognition.
Findings support an association rather than causation, with variability across individuals and contexts. Clinical practice
should integrate speech-motor interventions with psychological support to address both anxiety and speech outcomes. Further
longitudinal and ecologically valid studies are needed to clarify mechanisms and optimize treatment.

Keywords: Anxiety Disorders; Phonological Speech Impairments; Stuttering, Cluttering, Voice Quality; Anomic Aphasia;
Neurobiology of Speech.

INTRODUCTION

Anxiety disorders are characterized by persistent fear, hyperarousal, and cognitive interference that exceed situational demands and impair
functioning (1,2). They involve dysregulation across limbic—prefrontal circuits and stress-response systems, with measurable alterations
in neurochemistry and physiological reactivity (1,2). Phonological speech impairments, in contrast, are difficulties producing and
organizing speech-sound patterns in line with the phonotactic rules of a language. They include errors of articulation and timing that reduce
intelligibility and communicative efficiency (3). Although conceptually distinct, these domains intersect in everyday communication,
classrooms, clinics, and therapy settings, where heightened anxiety can coincide with disrupted speech planning, execution, and monitoring
4,5).

The clinical and linguistic significance of this intersection is considerable. Clinically, anxiety is common across the lifespan and can
amplify speech disruptions through muscle tension, autonomic arousal, and attentional narrowing (1,4,5). Linguistically, phonological
accuracy depends on coordinated activation of cortical language networks, sensorimotor integration, respiratory support, and fine motor
control of articulators. Each of these subprocesses is sensitive to top-down threat appraisal and bottom-up stress physiology, creating
plausible pathways from anxiety to reduced speech clarity, atypical rate, and fluency breakdowns (3—5). Evidence in stuttering and related
fluency disorders shows that fear of speaking, avoidance, and self-monitoring pressure can intensify disfluency and degrade articulation,
even when baseline phonological competence is intact (4,5).

Converging neurobiological models offer a mechanistic frame for these observations. Hyperreactivity of the amygdala and downstream
hypothalamic—pituitary—adrenal activation alter arousal, respiration, and muscle tone; prefrontal control can be compromised during high
threat, reducing cognitive flexibility and error monitoring (1). In parallel, language-relevant regions—classically described in perisylvian
networks encompassing Broca’s and Wernicke’s areas—coordinate lexical retrieval, phonological encoding, and articulatory
programming; perturbations in these networks under stress can manifest as word-finding lapses, sound-level errors, and rate abnormalities
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(6,7). Studies in educational and pediatric contexts further suggest that anxiety clusters with speech difficulties, underscoring the need for
integrated assessment and support (8).

This narrative review synthesizes theoretical and empirical literature to (i) clarify how anxiety relates to phonological speech impairments
across fluency, articulation, rate, voice quality, and lexical retrieval; (ii) outline neurobiological and psychophysiological mechanisms that
may mediate these links; and (iii) discuss clinical implications for assessment and intervention in speech-language pathology and mental
health practice. The goal is explanatory rather than causal: to assemble converging lines of evidence, highlight heterogeneity, and identify
gaps that warrant systematic study (1-8).

MATERIALS AND METHODS

This narrative review synthesizes evidence on links between anxiety disorders and phonological speech impairments across fluency,
articulation, speech rate, voice quality, and lexical retrieval. Literature was searched in PubMed/MEDLINE, PsycINFO, Scopus, and
Google Scholar. Hand-searching of reference lists from key papers was used to identify additional sources. The time window emphasized
contemporary work (approximately 2000-2025) while retaining seminal earlier studies when mechanistically relevant. Only English-
language publications were considered.

Search strategy (example Boolean strings).

(“anxiety” OR “anxiety disorder*” OR “social anxiety”’) AND (“phonolog*” OR “speech sound disorder*” OR
“articulation” OR “fluency” OR “stutter®*” OR “clutter*” OR “voice” OR “dysphonia” OR “word-finding”
OR “anomic aphasia”)

(“amygdala” OR “prefrontal cortex” OR “GABA” OR “serotonin” OR “norepinephrine”) AND (“speech” OR
“phonology” OR “language production”) AND (“anxiety”)

Eligibility criteria.

Inclusion: empirical studies (experimental, observational, clinical), systematic and narrative reviews, and mechanistic/theoretical papers
that examined anxiety and any of: phonological accuracy, fluency, rate, voice quality, or lexical retrieval; human participants; clinically or
educationally relevant outcomes.

Exclusion: studies focused solely on non-communicative motor disorders; animal-only studies without translational relevance;
editorials/opinions lacking evidence; non-English texts.

Titles and abstracts were screened for relevance, followed by full-text review when necessary. Reference lists of included articles were
snowballed to capture missed items. No attempt was made to be exhaustive as in a systematic review; instead, selection prioritized
conceptual breadth and clinical relevance.

Data extraction and synthesis. For each included paper, the following were noted: population/context, anxiety construct,
speech/phonological outcome, core findings, and proposed mechanisms. Findings were synthesized narratively into thematic domains: (i)
neurobiological and psychophysiological underpinnings of anxiety relevant to speech, (ii) observed impairments (stuttering/articulation,
cluttering/rate, voice quality, word-finding), and (iii) linking mechanisms (muscle tension, respiration, attentional control, avoidance/self-
monitoring). Conflicting or null results were highlighted where present. No meta-analysis or effect-size pooling was attempted.

Quality considerations. Although no formal risk-of-bias tool was applied, weight was given to higher-quality evidence (systematic
reviews, randomized or well-controlled studies) and to converging findings across methods and settings. Case reports and small studies
were used to illustrate mechanisms but not to infer general effects.

NEUROBIOLOGICAL AND PSYCHOLOGICAL BASIS OF ANXIETY

Anxiety engages a conserved survival circuit. Threat is appraised rapidly in limbic systems and propagated through stress pathways.
Regulation depends on prefrontal control. When regulation fails, arousal rises, attention narrows, and motor tone increases (1,2,7).

Amygdala. The amygdala detects and prioritizes threat. In anxiety disorders it is often hyper-reactive, biasing perception toward danger
and amplifying vigilance (1,2,7). Amygdala output drives downstream autonomic and endocrine responses via hypothalamic nuclei. This
shift in state reallocates cognitive resources toward monitoring and away from language processes. In speech, that reallocation can
destabilize phonological planning and increase self-monitoring pressure during production (4,5).

Hypothalamus and stress axes. Hypothalamic activation initiates sympathetic discharge and the hypothalamic—pituitary—adrenal cascade.
Corticotropin-releasing hormone triggers adrenocorticotropic hormone and cortisol release; parallel catecholaminergic surges mobilize
energy (1,2,7). The result is increased heart rate, reduced fine-motor precision, altered respiratory patterns, and generalized muscle co-
contraction. For speech, these changes can impair respiratory support, timing of voicing, and articulatory stability, reducing clarity and
fluency under load (3-5).
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Prefrontal cortex. The prefrontal cortex (PFC) ordinarily imposes top-down control on limbic output. Under acute or chronic anxiety,
dorsolateral and ventromedial PFC functions—working memory, set-shifting, and inhibitory control-—can be compromised (1,2). Reduced
control limits flexible attention and error monitoring. In language, this can manifest as slowed lexical retrieval, increased “tip-of-the-
tongue” states, and less efficient adjustment when speech errors occur (6). The net effect is greater vulnerability to disfluency and rate
abnormalities when arousal is high (4,5).

CORE NEUROTRANSMITTERS.

GABA. The principal inhibitory transmitter. Lower GABA tone or receptor dysfunction is linked to heightened arousal and impaired
dampening of threat responses (1,2). Insufficient inhibition can raise baseline motor excitability, contributing to tension in laryngeal and
oral musculature during speech (3).

Serotonin. Broad neuromodulator of mood, sensory gain, and cognitive control. Serotonergic dysregulation relates to anxiety severity and
altered top-down regulation (1,2). Perturbations can affect respiratory rhythm, attentional gating, and perceived effort of speaking.

Norepinephrine. Key driver of arousal and vigilance from locus coeruleus projections. Elevated norepinephrine sharpens threat detection
but increases tremor, muscle tone, and startle (1,2). In speech, this favors rapid, less coordinated output and unstable voicing under pressure
4.5).

Physiological responses relevant to speech. Anxiety increases global muscle tension and disrupts fine motor coordination. Co-activation
in tongue, lip, and jaw musculature reduces articulatory precision (3). Breathing becomes shallow or rapid, shortening exhalatory phases
and undermining breath support for connected speech (5). Stress hormones and autonomic shifts alter laryngeal function, yielding pitch
instability, hoarseness, and reduced resonance control. These pathways help explain heightened stuttering moments, cluttering-like rate
acceleration, and transient word-finding lapses during anxious states, even when baseline phonological competence is adequate (3—-5).

Integration. Language production depends on coordinated perisylvian networks for phonological encoding and articulatory programming
(6). Under threat, limbic—hypothalamic activation competes with prefrontal-language systems for metabolic and attentional resources
(1,2,7). The interaction does not deterministically cause disorder. Rather, it increases the probability of phonological errors, fluency
breakdowns, and voice changes in susceptible individuals, especially in high-stakes or evaluative speaking contexts (4,5).

MECHANISMS LINKING ANXIETY TO SPEECH IMPAIRMENTS

Anxiety alters state across neural, physiological, and cognitive systems.

Threat appraisal recruits limbic circuits and stress axes. Regulation by prefrontal control can be degraded under high arousal. Speech
planning and execution then compete for resources with survival-oriented processing (1,2,7).

Increased muscle tension is a primary pathway.

Sympathetic activation raises baseline tone and co-contraction in orofacial and laryngeal musculature. Fine motor timing becomes less
precise. Place and manner targets are harder to achieve. The result is blurred consonant boundaries, unstable voicing onsets, and reduced
intelligibility (3). For speakers prone to fluency breakdowns, this tension narrows articulatory “safe zones,” increasing stuttering moments
and error repairs (4,5).

Breathing patterns shift with anxiety.

Rapid, shallow, or irregular respiration shortens exhalatory phases and reduces subglottal pressure stability. Speech is produced on depleted
breath groups. Pauses arrive at linguistically inappropriate points. Prosody flattens or becomes erratic. Laryngeal tension further
destabilizes fundamental frequency, producing pitch tremor, hoarseness, or pressed phonation that listeners perceive as strain (1,3,5).

Cognitive control provides a second pathway.

Under load, prefrontal systems that support working memory, set-shifting, and inhibition have less effective access to phonological buffers
(1,2). Attention is captured by internal threat cues and external evaluation signals. Monitoring becomes hypervigilant and effortful.
Speakers shift from automatic to controlled processing, which slows lexical retrieval and increases “tip-of-the-tongue” states. Error
detection rises but error correction lags, producing repetitions, prolongations, and restarts (4—6).

Self-monitoring interacts with this control problem.

Fear of negative evaluation promotes internal surveillance of each sound and syllable. Excess monitoring disrupts the normal feedforward
mode of speech and induces frequent mid-utterance adjustments. Anticipation of difficult sounds or words creates preparatory tension and
timing jitter. These anticipatory responses can precipitate the very disfluencies the speaker fears (4,5).

Learning mechanisms consolidates a third pathway.

Repeated pairing of speaking contexts with anxiety establishes conditioned cues. Anticipatory anxiety emerges before speech begins.
Avoidance behaviors follow—topic restriction, reduced participation, or silence. Avoidance limits practice, weakens desensitization, and
preserves catastrophic beliefs about speaking. The cycle maintains symptoms despite intact baseline phonological competence (4,5,8).
These pathways are metabolically grounded. Threat states reallocate resources toward limbic—autonomic networks. Language and motor-
speech systems may experience transient reductions in effective capacity under high arousal, especially during complex utterances or rapid
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turn-taking (1,2,7). The effect is probabilistic, not deterministic. Many individuals with anxiety speak clearly at baseline yet show
impairments under evaluative pressure, multitasking, or fatigue (4,5).

DISCUSSION

Evidence across domains suggests a robust association between anxiety and speech disruption, but with important caveats. Stuttering
research shows that fear of speaking, anticipatory anxiety, and self-monitoring pressure amplify disfluency frequency and severity (4,5).
These effects are reliable in evaluative contexts and during high cognitive load. By contrast, baseline phonological competence can remain
intact. This supports a state-sensitivity model rather than a simple trait-deficit account (4,5). Articulatory-phonology work highlights how
increased motor tone and timing noise degrade segmental targets and coarticulatory stability, offering a plausible sensorimotor pathway
(3). Neurobiological reviews converge on limbic hyper-reactivity and reduced prefrontal control under threat, linking arousal to reduced
cognitive flexibility and attentional capacity during speech planning (1,2). Together, these literatures align, yet they rarely measure the
same outcomes within the same participants.

Some accounts place the effect at the motor-speech periphery: tension, irregular respiration, and laryngeal hyperfunction that blur
consonant boundaries and destabilize voicing (3). Others emphasize central mechanisms: narrowed attention, working-memory strain, and
increased error monitoring that overload phonological buffers and lexical retrieval (1,2,6). Stuttering studies sit at this interface; they
document heightened disfluency under anxiety while cautioning that anxiety often maintains rather than causes the disorder (4,5). Reports
of word-finding lapses and “tip-of-the-tongue” states under stress are consistent with prefrontal-perisylvian interference, but controlled
language-network evidence in anxious speakers remains limited (6). Claims about blood-flow diversion away from language cortices
during threat are mechanistically plausible yet largely inferential in this context and should be treated cautiously (1,2,6,7).

Several gaps constrain interpretation. First, cluttering is underrepresented. Few studies examine anxiety-linked rate abnormalities or
disorganized language planning outside stuttering, leaving mechanism and prevalence uncertain. Second, longitudinal evidence is scarce.
We know little about how anxiety trajectories interact with speech outcomes across development, schooling transitions, or therapy exposure
(4,5). Third, measurement heterogeneity is high. Studies mix self-report anxiety, physiological arousal, and performance tasks without
harmonized outcomes, limiting synthesis (1-5). Fourth, ecological validity is modest. Lab tasks often fail to capture classroom
presentations, viva voce exams, telehealth sessions, or high-stakes interviews in which anxiety peaks. Fifth, pediatric data are uneven.
Associations are reported, but careful separation of developmental speech sound disorders from anxiety-maintained performance
decrements is rare (3,8).

Are observed phonological errors primary consequences of anxiety-driven neurophysiology, or secondary adaptations—avoidance, safety
behaviors, and hypervigilant self-monitoring—that indirectly degrade fluency and clarity (4,5)? Does anxiety preferentially impair
planning (phonological encoding, lexical access) or execution (respiration, phonation, articulation), or do these pathways co-activate
depending on task demands (3,6)? How much variance is explained by trait anxiety versus state anxiety elicited by evaluative threat
(1,2,4)? Current data support multifactorial models but cannot apportion causal weight.

For speech-language pathologists, routine screening for anxiety is warranted when fluency, rate, or voice quality deteriorate in evaluative
settings (4,5). Intervention can combine speech-motor practice (breath grouping, gentle onsets, prosodic pacing) with arousal regulation
(paced breathing, progressive relaxation) and graded exposure to feared speaking tasks (4,5). Collaboration with psychologists supports
cognitive restructuring, attentional retraining, and reduction of safety behaviors that perpetuate disfluency (4,5). Educators can reduce
performance pressure, allow planned pauses, diversify assessment formats, and provide visual supports to lower cognitive load. For
medically involved cases, awareness of stress-axis physiology can guide counseling about sleep, caffeine, and timing of demanding
speaking tasks (1,2,3).

CONCLUSION

The literature supports a complex, multifactorial link between anxiety and phonological speech impairments. Converging evidence
indicates that heightened arousal, altered respiratory-phonatory control, increased muscle tension, and constrained executive resources can
degrade articulation, fluency, rate stability, and voice quality in vulnerable contexts (1-5). Findings support an association rather than a
simple causal claim. In many individuals, anxiety appears to exacerbate or maintain speech difficulties, particularly under evaluation,
rather than to create a persistent phonological deficit de novo (4,5). Neurobiological models provide credible mechanisms, but direct,
within-subject demonstrations that map limbic—prefrontal state to moment-to-moment speech errors remain limited (1,2,6,7). Clinical
practice should integrate dual-pathway management: target speech-motor coordination and prosodic control while addressing anxiety
through exposure-based, cognitive, and physiological strategies. Interdisciplinary care among SLPs, psychologists, and educators is
recommended to reduce avoidance, normalize speaking demands, and sustain gains across settings (3-5).

Future work should prioritize (i) longitudinal designs tracking anxiety and speech outcomes across developmental and treatment phases;
(i1) multimodal studies that pair acoustic/kinematic measures with physiological indices of arousal; (iii) ecologically valid tasks that
simulate real-world evaluation; (iv) focused investigation of cluttering and rate disorders in anxious populations; and (v) experiments that
test mechanism-matched interventions, linking change in arousal or self-monitoring to change in specific speech metrics (1-6,8). Such
research will refine the field’s understanding of when and how anxiety perturbs phonological performance and will sharpen clinical
decision-making.
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