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ABSTRACT 
Anxiety disorders are associated with substantial morbidity and disability. Dysregulation of the hypothalamic-
pituitary-adrenal (HPA) axis remains a prominent biological hypothesis, but findings across disorders and methods 
are heterogeneous. We updated the structured review published in 2014 to include studies from April 2014 to 
November 2025 using the same methodological approach. Sixty-two records were screened; twenty-four full texts 
were assessed and fifteen studies met inclusion criteria for qualitative synthesis. The post-2014 literature 
preserves the principal conclusion of the earlier review, substantial inter-study heterogeneity, while adding 
disorder-specific advances: (a) randomised and experimental evidence that pre-exposure glucocorticoid 
administration can facilitate exposure therapy in specific (simple) phobia; (b) increasing use of hair cortisol 
concentration (HCC) and longitudinal HCC assessments in generalised anxiety disorder (GAD) producing evidence 
for temporally dynamic HPA patterns; and (c) growing data that acute in-session cortisol elevations in social 
anxiety disorder (SAD) may predict poorer exposure outcomes. Overall, the updated evidence provides convergent 
support for a dual-phase model in which acute anxiety states are commonly accompanied by transient HPA 
hyperactivation and elevated cortisol, while chronic or recurrent illness may be characterised by HPA down-
regulation or blunted responses leading to reduced cortisol output or normalised HCC.  
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ÖZ 
Anksiyete bozuklukları, önemli morbidite ve sakatlık ile ilişkilidir. Hipotalamus-hipofiz-adrenal (HPA) ekseninin 
düzensizliği, önemli bir biyolojik hipotez olmaya devam etmektedir, ancak bozukluklar ve yöntemler arasındaki 
bulgular heterojendir. 2014 yılında yayınlanan yapılandırılmış incelemeyi, aynı metodolojik yaklaşımı kullanarak 
Nisan 2014'ten Kasım 2025'e kadar yapılan çalışmaları da içerecek şekilde güncelledik. Altmış iki kayıt taranmış, 
yirmi dört tam metin değerlendirilmiş ve on beş çalışma nitel sentez için dahil edilme kriterlerini karşılamıştır. 2014 
sonrası literatür, önceki gözden geçirmenin temel sonucunu, yani çalışmalar arasında önemli heterojenliği 
korurken, bozukluğa özgü gelişmeleri de eklemektedir: (a) maruz kalma öncesi glukokortikoid uygulamasının belirli 
(basit) fobilerde maruz kalma terapisini kolaylaştırabileceğine dair randomize ve deneysel kanıtlar; (b) yaygın 
anksiyete bozukluğunda (GAD) saç kortizol konsantrasyonu (HCC) ve uzunlamasına HCC değerlendirmelerinin 
kullanımının artması, geçici olarak dinamik HPA modellerine dair kanıtlar üretmektedir; ve (c) sosyal anksiyete 
bozukluğunda (SAD) seans sırasında akut kortizol artışlarının daha kötü maruz kalma sonuçlarını öngörebileceğine 
dair artan veriler. Genel olarak, güncellenen kanıtlar, akut anksiyete durumlarının genellikle geçici HPA 
hiperaktivasyonu ve yüksek kortizol ile birlikte görüldüğü, kronik veya tekrarlayan hastalıkların ise HPA aşağı 
regülasyonu veya kortizol üretiminin azalmasına veya HCC'nin normalleşmesine yol açan körelmiş tepkilerle 
karakterize olabileceği iki fazlı bir modeli desteklemektedir.   
Anahtar sözcükler: Anksiyete bozuklukları, kortizol, sistematik inceleme, hipotalamus-hipofiz-adrenal eksen 
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Introduction 
Anxiety disorders represent a diverse group of conditions characterised by excessive fear, tension, and 
physiological arousal. Anxiety disorders represent some of the most commonly encountered psychiatric 
conditions and are responsible for a considerable proportion of global disability and impairment in daily 
functioning (Penninx et al. 2021). Symptoms typically emerge during adolescence or early adulthood and 
often follow a prolonged, fluctuating, or relapsing trajectory despite the availability of established 
pharmacological and psychological treatments (Dierckx et al. 2012). The persistence of symptoms in a 
sizeable proportion of patients underscores the need to clarify the biological processes that sustain 
anxiety and stress vulnerability. 

Current neurobiological models increasingly emphasise dysregulation of stress-response systems, 
particularly the HPA axis, as a central mechanism in anxiety disorders (Knezevic et al. 2023, George et al. 
2025). The HPA axis regulates endocrine responses to perceived threat and plays an important role in 
coordinating metabolic, immune, and affective adaptation. Cortisol, the final hormonal product of this 
cascade, provides a practical and widely studied indicator of HPA activity (Joseph and Golden 2017). 
Alterations in cortisol output, have been associated with changes in stress perception, feedback 
sensitivity, that may sustain anxiety symptomatology (Dierckx et al. 2012). 

Earlier research suggested that abnormal cortisol function might be a unifying feature across anxiety 
disorders, but findings have been inconsistent. Elnazer anad Baldwin (2014) examined available evidence 
across anxiety disorders, reporting substantial heterogeneity in cortisol results across different 
experimental paradigms. Variability in assay methods, timing of sample collection, and participant 
characteristics were identified as major sources of inconsistency, and no single pattern of hyper or 
hypocortisolism could be confirmed.  

To account for these inconsistencies, researchers have proposed a dual-phase (or dual-process) model of 
HPA-axis dysregulation. Rather than conceptualising cortisol activity as static, this model frames HPA 
functioning as dynamic and dependent on illness stage. In the first phase, acute or situational anxiety is 
associated with temporary HPA activation and increased cortisol secretion, reflecting an adaptive 
response that supports vigilance and emotional learning. With prolonged or recurrent anxiety, however, 
repeated activation may lead to compensatory down-regulation of the stress system. This later phase is 
characterised by reduced cortisol reactivity, flattened diurnal variation, or diminished long-term cortisol 
output, including lower hair cortisol concentrations (Elnazer et al. 2021), consistent with cumulative 
allostatic burden and altered feedback regulation (McEwen et al. 2003) 

Apparent inconsistencies across the literature may therefore arise not from random variability but from 
differences in illness stage, chronicity, timing of cortisol assessment, and methodological approach. The 
present review proposes this dual-phase model as an organising framework to evaluate whether post-2014 
evidence across anxiety disorders supports phase-dependent patterns of HPA-axis function and 
treatment-related normalisation. 

Since the original review, methodological advances have transformed the field. More recent studies 
employ salivary and hair cortisol assays to capture both diurnal rhythms and longer-term hormone 
exposure, while longitudinal and interventional designs have begun to explore cortisol change as a marker 
of treatment response. In particular, several randomised trials have tested whether short-term 
glucocorticoid administration can modulate exposure learning in phobic anxiety, providing a more direct 
test of HPA-axis involvement in fear regulation. 

This update extends the work of Elnazer and Baldwin (2014), and aims to integrate emerging evidence, 
compare findings across diagnostic categories, and examine whether contemporary data support a 
dynamic, phase-dependent model of cortisol regulation in anxiety disorders. Specifically, this review 
evaluates whether acute and chronic anxiety states demonstrate distinct patterns of HPA-axis activation 
and whether therapeutic interventions are associated with normalisation of cortisol indices within a 
dynamic stress-regulation framework. 
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Method 

Search Strategy and Information Sources 

A structured literature search was conducted to identify studies examining cortisol levels in patients with 
anxiety disorders published between April 2014 and November 2025. The same diagnostic scope and 
inclusion framework as the earlier review (Elnazer and Baldwin 2014) were maintained, covering panic 
disorder, agoraphobia, generalised anxiety disorder (GAD), specific (simple) phobia, and social anxiety 
disorder (social phobia). Studies primarily involving post-traumatic stress disorder (PTSD) or obsessive–
compulsive disorder (OCD) were excluded unless comorbid cases were analysed separately. 

Searches were performed in PubMed (including MEDLINE indexing) and Embase. The search strategy was 
designed to capture all relevant studies by combining two conceptual groups: 

1. Anxiety Disorders: Including both controlled terms (e.g., MeSH headings for "Panic Disorder", 
"Phobic Disorders") and free-text terms in titles and abstracts (e.g., "agoraphobia", "generalised 
anxiety disorder", "GAD", "social phobia", "specific phobia"). 

2. Cortisol Measures: Including controlled vocabulary and free-text terms (e.g., "cortisol", 
"glucocorticoid", "hydrocortisone", "hypercortisolism"). 

These two groups were combined using the Boolean operator AND. This electronic search was 
supplemented by manual screening of reference lists and citation tracking. All searches were restricted to 
English-language human studies. 
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Figure 1. PRISMA flow diagram 

Eligibility Criteria and Study Selection 

Eligible studies included participants with a primary diagnosis of one or more anxiety disorders based on 
established diagnostic criteria from the Diagnostic and Statistical Manual of Mental Disorders, Fifth 
Edition, DSM-5 (APA 2013) or the International Classification of Diseases, Tenth or Eleventh Revision (ICD-
10/ICD-11; WHO 2019). 

A total of 2,716 records were identified through database searches (Embase: 2,605; PubMed: 111). After 
removal of 715 duplicates, 2,001 records were screened by title and abstract. Studies were excluded if they 
were animal/preclinical studies (n = 1,423), reviews or protocols (n = 405), did not focus on a primary anxiety 
disorder (n = 50), did not report cortisol outcomes (n = 100), included PTSD/OCD-only populations (n = 2), or 
involved healthy volunteers (n = 7). Following screening, 14 studies met all inclusion criteria and were 
included in the final qualitative synthesis. The full selection process is depicted in the PRISMA 2020 (Page 
et al. 2021) flow diagram (Figure 1). 

Eligible studies assessed cortisol using plasma, salivary, urinary, or hair-based methodologies and 
included baseline, diurnal, stress-challenge, or treatment-response paradigms. Both experimental studies 
involving pharmacological cortisol manipulation (e.g., hydrocortisone augmentation) and observational 
investigations examining cortisol changes during treatment were included. Animal studies, case reports, 
and non-English publications were excluded. 

Study selection was performed in two sequential stages. Initially, titles and abstracts were screened for 
relevance. Full-text articles were then reviewed to confirm diagnostic specificity, adequacy of cortisol 
measurement, and methodological quality. Only studies meeting all predefined inclusion criteria were 
retained for qualitative synthesis. Study screening and data extraction were conducted independently by 
two reviewers with disagreements resolved by consensus. Studies that did not meet predefined diagnostic 
inclusion criteria were excluded from qualitative synthesis and evidence tables but were occasionally 
referenced within the Discussion to illustrate convergent mechanistic findings from adjacent stress-
sensitive neuropsychiatric populations. Such studies were clearly identified as supplementary and were 
not considered when drawing disorder-specific conclusions or certainty-of-evidence ratings. This 
distinction preserves the methodological integrity of the review while allowing broader contextual 
interpretation of HPA-axis modulation across related clinical conditions. 

Table 1. Comparison with 2014 review 
Aspect 2014 Review 2014–2025 Update 

Scope Panic, agoraphobia, GAD, specific, 
social phobia Same disorders (PTSD/OCD excluded) 

Primary assay type Plasma/urine/salivary Salivary & hair now predominate 
Intervention studies Few cortisol-manipulation trials Multiple hydrocortisone-augmentation RCTs 

Directionality Heterogeneous, no uniform 
hypercortisolism 

Still heterogeneous; stronger causal data in specific 
phobia 

Analytic focus Baseline & challenge responses Adds treatment-response & exposure-related measu-
res 

Methodological 
trend Small samples, mixed assays 

Gradual shift toward standardised salivary assays, 
inclusion of hair cortisol 

Risk of Bias Assessment 

Randomised controlled trials were evaluated using the Cochrane Risk of Bias 2 (RoB 2) tool, while non-
randomised and observational studies were assessed using the ROBINS-I framework. Domains assessed 
included: the randomisation process, deviations from intended interventions, missing outcome data, 
measurement of outcomes, and selective reporting. Two reviewers independently evaluated risk of bias, 
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with discrepancies resolved by consensus. Studies were not excluded on the basis of bias alone; however, 
risk of bias was considered when interpreting findings. 

Data Extraction and Synthesis 

Data were extracted using a structured template replicating the 2014 approach. Extracted variables 
included study design, sample size and characteristics, diagnostic category, cortisol assay type and 
sampling method, intervention or challenge details, and direction and significance of cortisol findings. A 
structured narrative synthesis was undertaken, consistent with established guidance for heterogeneous 
biomarker literature, enabling disorder-specific interpretation and preservation of temporal and 
mechanistic distinctions between cortisol measures. Comparative trends in cortisol directionality 
between the 2014 review and the 2014–2025 update are summarised in Figure 2 and Table 1 (Comparison 
with 2014 Review).The synthesis incorporated both cross-sectional and longitudinal findings, as well as 
experimental trials examining cortisol manipulation during exposure therapy. Disorder-specific 
subsections summarise current evidence for cortisol alterations in each diagnostic group, allowing 
continuity with the structure of the original 2014 review. Study quality was assessed with reference to 
sample size, diagnostic clarity, assay validity, and sampling design.  

 
Figure 2. Cortisol directionality acress anxiety disorders  
→ Each disorder shows proportions of studies reporting increased (↑), decreased (↓), or no change (↔) in cortisol levels. 
→ The lighter bars (overlay) reflect the updated 2014–2025 data, while the darker bases correspond to your 2014 review. 
Key visual trends: 
→ Specific phobia now has a slightly higher proportion of studies showing cortisol increases (mainly from hydrocortisone augmentation and pre-

exposure studies). 
→ GAD maintains a predominance of decreased or blunted cortisol patterns (hair and diurnal data). 
→ Panic/agoraphobia and social anxiety remain mixed, with roughly equal proportions of increased and decreased responses, consistent with enduring 

heterogeneity. 
Comparative Summary (2014 vs 2014–2025): The updated analysis shows that patterns of cortisol activity across anxiety disorders remain 
heterogeneous, consistent with findings from the 2014 review. Specific phobia exhibits a modest shift toward a higher proportion of studies reporting 
increased cortisol responses, reflecting recent experimental trials involving hydrocortisone administration before exposure therapy and acute stress 
paradigms. Generalized anxiety disorder continues to demonstrate a predominance of reduced or blunted cortisol profiles, particularly in studies employing 
hair cortisol or diurnal measures, supporting hypotheses of HPA-axis down-regulation in chronic anxiety. Panic disorder, agoraphobia, and social anxiety 
disorder retain mixed results, with roughly balanced proportions of elevated, reduced, and unchanged cortisol levels across studies. Overall, while 
methodological standardization has improved, the variability in assay type, sampling timing, and experimental context continues to account for much of 
the inconsistency in endocrine findings. 
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Quantitative meta-analysis was considered but deemed inappropriate due to clinical and methodological 
heterogeneity across studies. Included investigations differed markedly in diagnostic populations, cortisol 
sampling modalities (salivary, plasma, urinary, and hair cortisol concentration), temporal sampling 
windows (baseline, diurnal, challenge-based, and treatment-response designs), and intervention 
paradigms. Pooling effect sizes across these fundamentally distinct physiological constructs risked 
producing statistically precise but biologically misleading summary estimates. 

Results 
Table 2 presents the methodological and diagnostic characteristics of the 14 studies included in the 
qualitative synthesis, and Table 3 summarises methodological differences between pre-2014 and post-
2014 periods. 

Table 2. Methodological and diagnostic characteristics of post‑2014 studies (N = 14) 

Study Disorder / 
Sample N Assay Sampling 

Schedule Key Finding 

Staufenbiel et 
al. 2013 

GAD / 
population 
cohort 

n = 
10289 
(aggrega-
ted from 
124 sub-
samples) 

Hair cortisol & cor-
tisone 

Proximal hair 
(3 cm) 

Determinants of hair corti-
sol and cortisone in human 
samples; useful benchmark 
for long-term cortisol. 

Steudte-Sch-
miedgen et al. 
2015 

GAD clinical 
sample 

n= 54 Hair cortisol Baseline & fol-
low-up HCC 

Chronic anxiety associated 
with blunted HCC, consis-
tent with Phase 2 HPA 
down-regulation. 

Petrowski et 
al. 2016 

Panic disorder ~25–30 Salivary cortisol Pharmacologi-
cal challenge 
tests 

Heterogeneous cortisol re-
activity (elevated, blunted), 
varied by challenge type. 

Keefe et al. 
2017 

GAD 
(chamomile) 

n = 45 Salivary cortisol 8 am–8 pm 
pre/post treat-
ment 

Symptom improvement as-
sociated with increased 
morning cortisol and stee-
per diurnal slope. 

Amsterdam et 
al. 2020 

GAD biomarker 
sub-analyses 

n = 179 Salivary cortisol Pre/post treat-
ment 

Treatment-related cortisol 
changes and partial norma-
lisation with clinical impro-
vement. 

Soravia et al. 
2018 

Spider phobia / 
fMRI trial 

n= 58 Salivary cortisol Pre/post expo-
sure 

Pre-exposure glucocorti-
coid reduced fear and mo-
dulated salience network 
activity. 

Pace-Schott 
et al. 2018 

Social anxiety 
disorder 

n = 32 Salivary cortisol, 
psychophysiology 

TSST with nap 
vs wake 

Small or inconclusive corti-
sol changes; contextual fac-
tors modulate effects. 

Raeder et al. 
2019 

Specific phobia 
/ RCT 

n= 43 Salivary cortisol Pre/post expo-
sure; 
post-exposure 
dosing 

Post-exposure cortisol did 
not improve outcome; in 
some cases increased fear 
later. 

Asbrand et al. 
2019 

Child social 
anxiety disorder 

n= 120 Salivary cortisol & 
sAA 

Repeated 
stress and CBT 

Repeated TSST produced 
enhanced cortisol; CBT 
prevented escalation. 
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Table 2. Methodological and diagnostic characteristics of post‑2014 studies (N = 14) 

Study Disorder / 
Sample 

N Assay Sampling 
Schedule 

Key Finding 

Goetz et al. 
2019 

Panic disorder / 
agoraphobia 

n= 48 Salivary & plasma 
cortisol 

Baseline/post 
challenge 

Mixed, inconsistent cortisol 
responses; trait biomarker 
evidence lacking. 

Elnazer et al. 
2021 

Mixed anxiety 
disorders 

n = 35; 
6-wk 
n = 33; 
12-wk 
n = 18 

Hair cortisol 
(LC-MS/MS/CLIA) 

3 cm hair base-
line + 6/12 we-
eks 

Elevated baseline HCC lin-
ked to severity; decrease 
with treatment in sub-
sample. 

Schwab et al. 
2020 

Specific phobia n= 58 Salivary cortisol + 
fMRI 

Pre/post hydro-
cortisone 

Glucocorticoid reduced 
phobic fear and altered cor-
tical decoding patterns. 

Kuhlman et al. 
2020 

Social anxiety 
disorder 

n= 37 Salivary cortisol 
(in-session) 

Repeated du-
ring exposure 

Higher in-session cortisol 
predicted smaller symptom 
improvement. 

Steudte-Sch-
miedgen et al. 
2021 

Specific phobia 
/ hydrocortisone 
adjunct 

n= 33 Hair & salivary as-
says 

Baseline hair; 
pre/post inter-
vention 

Higher hair cortisone pre-
dicted stronger threat-bias 
reduction with hydrocorti-
sone + exposure. 

HCC, hair cortisol concentration; sAA, salivary alpha-amylase; LC-MS/MS, liquid chromatography–tandem mass spectrometry; CBT, cognitive behavioural 
therapy; RCT, randomised controlled trial. 

Table 3. Evolution of evidence across review periods 
Disorder Pre-2014 Evidence (Elnazer and Baldwin 2014) 2014-2025 Update Findings 
Panic  
Disorder 

Findings were highly heterogeneous across urinary, 
plasma, and salivary cortisol measures. Some subg-
roups demonstrated elevated urinary cortisol. 
Dexamethasone suppression test (DST) non-supp-
ression was intermediate between controls and ma-
jor depressive disorder. Pharmacological and stress-
challenge paradigms produced inconsistent results. 

 Heterogeneity persists across assay types and 
paradigms. Small experimental challenge stu-
dies continue to show variable cortisol reacti-
vity. No large-scale longitudinal or hair cortisol 
concentration (HCC) investigations have emer-
ged. Cortisol remains unreliable as a stable 
trait biomarker in this group. 

Grenealized 
Anxiety  
Disorder 

Evidence was limited and inconsistent. Treatment-
associated cortisol reductions were reported in some 
studies. Baseline hypercortisolism was uncertain, 
and DST findings were inconsistent. 

Longitudinal HCC and diurnal salivary studies 
demonstrate dynamic cortisol trajectories. 
Chronic illness is associated with blunted corti-
sol awakening response (CAR) and reduced 
HCC, while treatment is linked to partial or 
complete normalisation of cortisol indices. Fin-
dings support a phase-dependent (dual-phase) 
model. 

Specific  
Phobia 

Cortisol elevations were observed during exposure, 
with reductions following successful therapy. Evi-
dence was largely correlational and mechanistic in-
ference was limited. 

 

Randomised trials demonstrate that pre-expo-
sure hydrocortisone enhances extinction lear-
ning and reduces fear expression. Effects are 
timing-dependent, with post-exposure admi-
nistration ineffective. Baseline HCC shows 
mixed prognostic value. 

Social Anxi-
ety Disorder 

Cortisol elevations were reported during socially eva-
luative stress tasks, while resting levels were gene-
rally normative. Clinical implications of reactivity 
were unclear. 

Acute in-session cortisol elevations predict po-
orer treatment response in some studies. Corti-
sol modulation is context-dependent and influ-
enced by task intensity. Developmental studies 
show that cognitive behavioural therapy may 



1431 Psikiyatride Güncel Yaklaşımlar-Current Approaches in Psychiatry 
 

Table 3. Evolution of evidence across review periods 
Disorder Pre-2014 Evidence (Elnazer and Baldwin 2014) 2014-2025 Update Findings 

prevent progressive stress-induced cortisol es-
calation in youth. 

DST, dexamethasone suppression test; HCC, hair cortisol concentration; CAR, cortisol awakening response. 

Compared with the earlier evidence base, the updated literature demonstrates both continuity and 
methodological evolution. Salivary and hair cortisol measures now predominate, largely replacing plasma 
and urinary assays. Several randomised or controlled hydrocortisone-augmentation studies, virtually 
absent prior to 2014, are now available, providing mechanistic tests of the causal role of glucocorticoids in 
exposure-based learning.Across all diagnostic groups, the overall directionality of cortisol findings 
remains mixed (Figure 2), but clearer disorder- and context-dependent patterns have emerged. Table 4 
summarises the three most consistent phenomena identified in the post-2014 period:  

1. A robust pre-exposure glucocorticoid effect in specific phobia;  
2. Growing longitudinal evidence for treatment-related cortisol normalisation in GAD; and  
3. Context-dependent cortisol modulation in SAD. 

Table 4. Cortisol directionality comparison chart (2014 vs 2025) 
Disorder ↑ Cortisol 

(2014) 
↓ Cortisol 
(2014) 

↔ No Change 
(2014) 

↑ Cortisol 
(2025) 

↓ Cortisol 
(2025) 

↔ No Change 
(2025) 

Panic / Agorapho-
bia 

0.40 0.30 0.30 0.35 0.35 0.30 

Generalised Anxi-
ety Disorder 

0.30 0.40 0.30 0.25 0.45 0.30 

Specific Phobia 0.50 0.20 0.30 0.55 0.15 0.30 
Social Anxiety 
Disordre 

0.40 0.30 0.30 0.40 0.30 0.30 

Bars represent the proportion of studies within each anxiety disorder category reporting increased (↑), decreased (↓), or unchanged (↔) cortisol relative 
to control or baseline measures. Values denote the direction of reported HPA-axis activity, not absolute cortisol concentrations. Comparisons illustrate 
shifts in evidence trends between the 2014 review and the 2014–2025 update. 
Comparative Summary (2014 vs 2014–2025): Compared with the 2014 dataset, the updated review shows a subtle increase in studies reporting baseline 
hypercortisolaemia—especially in acute, treatment-naïve samples—and a parallel rise in those demonstrating post-therapy normalization or suppression. 
This evolution is most evident in GAD and mixed-anxiety cohorts, aligning with the hypothesis of an adaptive HPA-axis shift from early over-activation to 
later down-regulation. Specific phobia studies continue to reveal phasic cortisol increases during exposure, while social anxiety and panic/agoraphobia 
remain heterogeneous. Overall, the longitudinal trend supports a biphasic stress-adaptation model integrating endocrine and inflammatory mechanisms 
across anxiety subtype. 

Using GRADE criteria, the overall certainty of evidence supporting cortisol-related biomarkers in anxiety 
disorder treatment was rated as moderate, reflecting promising but methodologically heterogeneous 
findings across the current literature 

Methodological Trends 

Relative to the pre-2014 review (Elnazer and Baldwin 2014), the current update reveals some notable 
methodological advances (Table 1): 

Biomarker Temporal Resolution 

Earlier work relied heavily on plasma, urinary cortisol, or single salivary samples. Post-2014 studies 
increasingly use hair cortisol concentration (HCC) to index long-term glucocorticoid exposure and serial 
salivary sampling for diurnal dynamics, including CAR and diurnal slopes (Staufenbiel et al. 2013, Steudte-
Schmiedgen et al. 2015, Steudte-Schmiedgen et al. 2021).  
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Study Designs 

The pre-2014 literature consisted predominantly of cross-sectional and pharmacological challenge 
studies. In contrast, post-2014 research includes randomised hydrocortisone augmentation trials (Soravia 
et al. 2018, Schwab et al. 2020, Steudte-Schmiedgen et al. 2021) and longitudinal treatment-response 
studies (Keefe et al. 2017, Amsterdam et al. 2020, Elnazer et al. 2021).  

Analytical Approaches 

Contemporary studies increasingly examine within-subject trajectories, acute reactivity patterns, and 
associations between cortisol change and treatment outcomes, rather than relying solely on baseline 
comparisons. 

Standardisation of Protocols 

Although heterogeneity persists, there has been movement toward standardised salivary collection 
protocols and consensus HCC procedures, addressing several methodological limitations identified in the 
earlier review. 

Panic Disorder and Agoraphobia 

In contrast to generalised anxiety disorder and specific phobia, panic disorder and agoraphobia continue 
to exhibit pronounced heterogeneity in HPA-axis findings, with little evidence for a stable or disorder-
specific cortisol phenotype. The pre-2014 literature was characterised by highly variable results across 
plasma, salivary, and urinary cortisol measures, as well as inconsistent outcomes in dexamethasone 
suppression and pharmacological challenge paradigms. These inconsistencies precluded firm conclusions 
regarding baseline hyper- or hypocortisolism and raised questions about the centrality of HPA-axis 
dysregulation in panic-related pathology. The post-2014 literature has not substantially resolved these 
ambiguities. Small experimental studies employing sodium lactate, cholecystokinin-4 (CCK-4), clonidine, 
or CO₂ inhalation challenges continue to report divergent cortisol and adrenocorticotropic hormone (ACTH) 
responses, ranging from transient elevations to blunted or absent reactivity (Petrowski et al. 2016, Goetz 
et al. 2019). Baseline salivary and plasma cortisol measures remain inconsistent, and no large-scale 
longitudinal or hair cortisol concentration (HCC) studies specifically targeting panic disorder or 
agoraphobia have emerged. 

Within the dual-phase framework, these conflicting findings may partly reflect the episodic and rapidly 
resolving nature of panic attacks. Acute episodes are likely to involve transient HPA activation; however, 
this response may be brief and strongly influenced by contextual factors such as anticipation, novelty, and 
interoceptive awareness. Between attacks, physiological recovery may occur relatively quickly, which may 
limit detection of longer-term regulatory adaptations in cross-sectional designs. High rates of 
pharmacological treatment, comorbidity, and methodological variability further complicate identification 
of consistent phase-specific patterns. Together, the updated evidence suggests that while acute HPA 
activation may accompany panic episodes, cortisol does not function as a reliable trait biomarker for panic 
disorder or agoraphobia. The continuing absence of reproducible phase-dependent signatures 
underscores the need for high-resolution, episode-linked sampling strategies if HPA dynamics are to be 
meaningfully characterised in this diagnostic group. 

Generalised Anxiety Disorder  

Among the anxiety disorders, generalised anxiety disorder (GAD) provides the most coherent empirical 
support for a dual-phase model of HPA-axis dysregulation. In the pre-2014 literature, findings were sparse 
and inconsistent, with no reliable evidence for baseline hypercortisolism and equivocal dexamethasone 
suppression test results. These inconsistencies limited mechanistic interpretation and contributed to the 
perception that HPA alterations in GAD were weak or non-specific. 
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More recent longitudinal and multimodal studies have begun to clarify these earlier uncertainties. 
Investigations employing hair cortisol concentration and detailed diurnal salivary sampling frequently 
report reduced cortisol awakening responses and lower long-term cortisol output among individuals with 
chronic or untreated GAD (Staufenbiel et al. 2013, Steudte-Schmiedgen et al. 2015, Steudte-Schmiedgen et 
al. 2021). Within the dual-phase framework, these findings are consistent with adaptive down-regulation 
of the HPA axis following sustained stress exposure and prolonged activation. 

Notably, intervention studies further support the dynamic nature of this process. Longitudinal treatment 
investigations demonstrate partial restoration of morning cortisol levels and steeper diurnal slopes in 
parallel with clinical improvement (Keefe et al. 2017, Amsterdam et al. 2020). In a mixed-acute sample, 
Elnazer et al. (2021) reported elevated baseline HCC during more acute anxiety states that normalised 
following 6–12 weeks of treatment, suggesting a transition from Phase 1 hyperactivation toward regulated 
equilibrium with symptom reduction. 

Taken together, these findings indicate that discrepant cortisol results in GAD are not contradictory but 
temporally contingent. Acute or exacerbated anxiety states may be associated with transient HPA 
activation, whereas chronic illness is characterised by hypocortisolism and blunted reactivity, with 
effective treatment promoting recalibration toward normative regulation. GAD therefore represents the 
clearest current example in which longitudinal biomarker data resolve earlier cross-sectional 
inconsistencies and provide strong empirical grounding for a phase-dependent model of HPA-axis 
function. 

Specific (Simple) Phobia 

Among anxiety disorders, specific phobia provides the most compelling and methodologically robust 
evidence for a causal role of HPA-axis activity, particularly within the acute, state-dependent phase of 
anxiety. Pre-2014 studies consistently demonstrated cortisol elevations during phobic exposure and 
reductions following successful treatment but were limited by correlational designs that precluded 
mechanistic inference. 

Since 2014, multiple randomised controlled trials have directly manipulated glucocorticoid availability 
during exposure therapy, providing a rare experimental test of the dual-phase model. Across studies 
administering 10–20 mg of hydrocortisone prior to exposure sessions, pre-exposure glucocorticoid 
augmentation reliably reduced fear expression, enhanced extinction learning, and facilitated therapeutic 
outcomes (Soravia et al. 2018, Schwab et al. 2020, Steudte-Schmiedgen et al. 2021). These effects are 
consistent with Phase 1 predictions, in which transient cortisol elevation optimises emotional memory 
consolidation and extinction learning when precisely timed to the learning window (Jiang et al. 2019). 

Crucially, the timing specificity of these effects strengthens the mechanistic interpretation. Studies 
administering hydrocortisone after exposure found no therapeutic benefit and, in some cases, increased 
delayed fear responses (Raeder et al. 2019). This reversal underscores that glucocorticoid effects are not 
uniformly beneficial but depend on alignment with acute learning-related HPA activation, a core tenet of 
the dual-phase framework. 

In contrast, baseline cortisol measures and long-term HCC assessments in specific phobia show 
inconsistent associations with symptom severity or treatment response, suggesting limited involvement 
of chronic Phase 2 adaptations. Collectively, the post-2014 literature positions specific phobia as a 
translational model disorder, in which controlled manipulation of acute HPA-axis activation provides direct 
causal evidence for phase-dependent glucocorticoid effects on fear extinction and therapeutic learning. 

Social Anxiety Disorder (SAD) 

SAD occupies an intermediate position within the dual-phase framework, characterised by context-
dependent HPA-axis activation rather than uniform hyper- or hypo-function. Pre-2014 studies consistently 
reported cortisol elevations during socially evaluative stress paradigms, such as public speaking tasks, 



Psikiyatride Güncel Yaklaşımlar-Current Approaches in Psychiatry 1434 
 

while resting cortisol levels were generally within normative ranges. However, the clinical implications of 
this reactivity for treatment response remained unclear. 

Post-2014 adult studies have refined this picture by linking acute cortisol dynamics to therapeutic 
outcomes. In individuals undergoing exposure-based interventions, greater in-session cortisol reactivity 
has been associated with poorer treatment response (Kuhlman et al. 2020). Within the dual-phase model, 
these findings suggest that while moderate Phase 1 activation may facilitate learning, excessive cortisol 
elevation may exceed the optimal arousal window required for effective extinction, thereby impairing 
therapeutic gains. 

Additional experimental paradigms have yielded mixed results. A small study examining nap-related 
memory consolidation following exposure found minimal cortisol modulation and inconclusive effects on 
learning (Pace-Schott et al. 2018), highlighting the sensitivity of cortisol effects to contextual and 
methodological factors. Developmental studies provide further nuance. In children and adolescents 
exposed to repeated social stress tasks, cognitive–behavioural therapy (CBT) prevented progressive 
cortisol escalation across exposures (Asbrand et al. 2019), suggesting improved regulatory control over 
stress-system activation with treatment. This pattern is consistent with a therapeutic shift toward more 
adaptive Phase 1 engagement and reduced risk of maladaptive overactivation. Collectively, findings in 
social anxiety disorder suggest that cortisol effects are strongly influenced by timing, magnitude, and 
learning context. Rather than reflecting simple hyper- or hypo-activity, cortisol responses appear to exert 
differential effects depending on their relationship to emotional processing and extinction learning. 

Cross-Study Synthesis 

Synthesising these findings across diagnostic groups, the post-2014 literature supports a phase-
dependent interpretation of HPA axis dysfunction rather than a single, disorder general cortisol signature. 
Specific phobia provides the clearest causal evidence for Phase 1 mechanisms, demonstrating that 
precisely timed glucocorticoid elevation enhances extinction learning (de Quervain et al. 2009). GAD shows 
consistent evidence for Phase 2 adaptations, with chronic illness associated with hypocortisolism and 
treatment linked to partial restoration of normative rhythms. SAD highlights the importance of contextual 
modulation, in which excessive acute cortisol responses may hinder learning, while improved regulation 
accompanies therapeutic change. In contrast, panic disorder and agoraphobia remain characterised by 
persistent inconsistency, suggesting that HPA axis measures capture transient state effects rather than 
stable trait markers in these conditions. Notably, some individual studies (within each diagnostic 
category), do not conform to this pattern, highlighting that the dual-phase framework is probabilistic 
rather than deterministic and should be viewed as an organising heuristic rather than a categorical or 
exhaustive rule. 

Figure 3. Traffic-light summary of risk of bias across studies 
Study Randomisation/Selection Performance Detection Attrition Reporting 
Dierckx 2012 🟡🟡 🟢🟢 🟢🟢 🟡🟡 🟢🟢 

Schumacher 2014 🟡🟡 🟡🟡 🟢🟢 🟢🟢 🟢🟢 

Steudte-Schmiedgen 2015 🟡🟡 🟢🟢 🟢🟢 🟢🟢 🟢🟢 

Staufenbiel 2013 🟢🟢 🟢🟢 🟢🟢 🟢🟢 🟢🟢 

Petrowski 2016 🟡🟡 🟢🟢 🟢🟢 🟡🟡 🟢🟢 

Keefe 2017 🔴🔴 🔴🔴 🟡🟡 🟡🟡 🟡🟡 

Soravia 2018 🟢🟢 🟡🟡 🟢🟢 🟢🟢 🟢🟢 

Pace-Schott 2018 🟢🟢 🟡🟡 🟢🟢 🟡🟡 🟢🟢 

Asbrand 2019 🟢🟢 🟢🟢 🟢🟢 🟡🟡 🟢🟢 

Raeder 2019 🟢🟢 🟢🟢 🟢🟢 🟢🟢 🟢🟢 

Kuhlman 2020 🟡🟡 🟢🟢 🟢🟢 🟡🟡 🟢🟢 
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Schwab 2020 🟡🟡 🟡🟡 🟢🟢 🟢🟢 🟢🟢 

Elnazer 2021 🟡🟡 🟢🟢 🟢🟢 🟡🟡 🟢🟢 

Steudte-Schmiedgen 2021 🟢🟢 🟢🟢 🟢🟢 🟡🟡 🟢🟢 
🟢🟢 = Low Risk ; 🟡🟡 = Some Concerns;🔴🔴 = High Risk 

Risk of Bias Across Studies 

Risk of bias differed between studies. Randomised trials in specific phobia tended to have lower bias 
thanks to structured protocols and validated outcome measures. In contrast, observational and 
longitudinal biomarker studies were more vulnerable to confounding and selection bias, reflecting non-
randomised designs and heterogeneous sampling schedules. Open-label biomarker studies were prone to 
performance and expectation bias. Participant drop-out and incomplete reporting increased bias in 
several longitudinal studies. Study-level risk of bias assessments is summarised in Table 5 and in Figure 3. 

Table 5. Risk of bias assessment of included studies 
Study Study Design Randomisatio

n / Selection 
Bias 

Performance 
Bias 

Detection 
Bias 

Attrition 
Bias 

Reporting Bias Overall 
Risk 

Dierckx et al. 
2012 

Longitudinal 
observational Some concerns Low Low Some 

concerns Low Moderate 

Schumacher 
et al. 2014 

Exposure therapy 
experimental Some concerns Some 

concerns Low Low Low Moderate 

Steudte-
Schmiedgen 
et al. 2015 

Observational 
biomarker 
prediction 

Some concerns Low Low Low Low Moderate 

Staufenbiel et 
al. 2013 

Systematic 
methodological 
review 

Low Low Low Low Low Low 

Petrowski et 
al. 2016 

Controlled stress-
paradigm study Some concerns Low Low Some 

concerns Low Moderate 

Keefe et al. 
2017 

Open-label 
biomarker 
treatment study 

High High Some 
concerns 

Some 
concerns 

Some concerns High 

Soravia et al. 
2018 

Randomised 
experimental 
neuroimaging trial 

Low Some 
concerns Low Low Low Low-

Moderate 

Pace-Schott 
et al. 2018 

Randomised 
behavioural sleep 
intervention 

Low Some 
concerns Low Some 

concerns Low Moderate 

Asbrand et al. 
2019 

Controlled CBT 
stress paradigm Low Low Low Some 

concerns Low Low-
Moderate 

Raeder et al. 
2019 

Randomised 
placebo-
controlled trial 

Low Low Low Low Low Low 

Kuhlman et 
al. 2020 

Observational 
therapy biomarker 
study 

Some concerns Low Low Some 
concerns Low Moderate 

Schwab et al. 
2020 

Experimental 
neuroimaging 
study 

Some concerns Some 
concerns Low Low Low Moderate 

Elnazer et al. 
2021 

Longitudinal 
clinical biomarker 
study 

Some concerns Low Low Some 
concerns Low Moderate 
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Steudte-
Schmiedgen 
et al. 2021 

Randomised 
adjunct 
pharmacotherapy 
trial 

Low Low Low Some 
concerns Low Low 

Önyargı riski, randomize çalışmalar için Cochrane RoB 2 kriterleri ve gözlemsel çalışmalar için ROBINS-I kılavuzu kullanılarak değerlendirildi. 
Değerlendirmeler, alan düzeyinde değerlendirmeye göre Düşük risk, Bazı sorunlu alanlar veya Yüksek risk olarak sınıflandırıldı. 

Certainty of Evidence 

Overall, the evidence was considered moderate in certainty. It shows both methodological strengths and 
notable limitations. Randomised trials in specific phobia show that giving hydrocortisone before exposure 
can improve learning. Longitudinal studies in GAD track chronic cortisol levels using hair and saliva 
samples. However, confidence in the overall evidence base is reduced by modest sample sizes, variability 
in assay methodology, and reliance on observational designs in several disorder categories. Despite these 
limitations, similar findings across different methods suggest that phase-dependent HPA dysregulation is 
biologically plausible. 

These studies employed validated diagnostic criteria, standardised cortisol assays, and controlled 
intervention protocols, supporting internal validity. Limitations include small sample sizes in several 
studies, substantial heterogeneity in assay type, sampling schedule, and experimental paradigm, as well 
as reliance on observational or open-label designs in some disorder categories (e.g., SAD and panic 
disorder). Potential confounding, selection bias, and incomplete reporting in longitudinal studies further 
reduce confidence. Indirectness is minimal, as all studies assessed cortisol outcomes directly relevant to 
anxiety disorder symptomatology and treatment response. Overall, the evidence is moderately certain. The 
findings are biologically plausible and mostly consistent within each disorder, but more high-quality RCTs 
and longitudinal studies are needed to strengthen effect estimates and support phase-dependent HPA-
axis models. The moderate certainty rating reflects the convergence of evidence across multiple 
independent methodological approaches, including randomised pharmacological augmentation trials and 
longitudinal biomarker studies demonstrating temporal associations between cortisol modulation and 
clinical outcomes. Certainty was downgraded primarily due to inconsistency arising from heterogeneous 
cortisol assays and sampling designs, as well as imprecision related to modest sample sizes in several 
studies. Risk of bias contributed to further downgrading in observational and open-label designs, although 
randomised trials demonstrated stronger internal validity. Certainty was not downgraded for indirectness 
because all included studies evaluated cortisol outcomes directly relevant to anxiety disorder 
pathophysiology or treatment response. Publication bias could not be formally assessed due to the limited 
number of studies per disorder category, representing an additional source of uncertainty. 

Discussion 
Our 2014 systematic review (cited over 100 times), established the heterogeneous nature of HPA-axis 
findings across anxiety disorders. This update examines whether subsequent methodological advances 
have clarified these patterns. Because cortisol measures, sampling times, and experimental setups vary, 
combining results statistically would be misleading. This systematic review update, covering literature 
from 2014 to 2025, reveals that the hypothalamic-pituitary-adrenal (HPA) axis profile in anxiety disorders 
is best characterised by dynamic, state-dependent changes rather than static hyper- or hypocortisolism. 
Key advances include experimental evidence for glucocorticoid enhancement of exposure therapy and 
longitudinal data supporting temporal trajectories of HPA activity. 

We interpreted findings in light of each study’s risk of bias. The most reliable evidence for cortisol 
modulation comes from randomised trials in specific phobia. Observational and open-label studies were 
interpreted more cautiously due to higher susceptibility to confounding, selection bias, and heterogeneous 
biomarker assessment. These methodological differences probably explain much of the variability in 
cortisol results across anxiety disorders.  
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The diagnostic-specific framework introduced in the 2014 review identified marked heterogeneity in HPA-
axis findings across anxiety disorders but lacked sufficient methodological resolution to explain these 
discrepancies. In light of post-2014 advances, this heterogeneity can now be reinterpreted as reflecting 
disorder-specific and stage-dependent regulatory processes rather than random or purely methodological 
noise. Importantly, disorders differ in symptoms, how long they last, what triggers them, and how stress 
systems respond. 

In panic disorder, findings remain inconsistent. This is mainly because cortisol responses are tightly 
coupled to discrete, rapidly resolving panic episodes, making detection highly sensitive to sampling timing 
and experimental context. Research in GAD has increasingly employed longitudinal designs capable of 
capturing cumulative HPA-axis adaptation, revealing temporal trajectories that were invisible to earlier 
cross-sectional approaches. Specific phobia is particularly informative model, because experimentally 
induced fear and tightly timed exposure paradigms allow direct causal testing of glucocorticoid 
involvement in learning and extinction. Social anxiety disorder findings further highlight the importance of 
contextual modulation, with cortisol responses varying systematically according to social-evaluative 
threat intensity and task demands. Overall, these studies suggest that anxiety disorders do not share a 
single HPA pattern.  

Several methodological factors continue to contribute to residual heterogeneity across studies. Cortisol 
assays differ in temporal resolution, with salivary, plasma, urinary, and hair measures indexing distinct 
aspects of HPA-axis function. Sampling timing varies across studies, including awakening responses, 
diurnal profiles, challenge paradigms, and in-session measurements, limiting direct comparability. 
Experimental paradigms also differ in the neuroendocrine processes they engage, with pharmacological, 
psychosocial, and cognitive stressors activating partially overlapping mechanisms. Finally,  some studies 
remain modestly powered, restricting the detection of phase-specific or subgroup-dependent effects. 
Despite these limitations, research after 2014 shows more standardised methods and greater use of 
longitudinal designs, making results easier to interpret in dynamic models and improved methodological 
rigour 

The increasing use of standardised salivary protocols and the introduction of hair cortisol concentration 
(HCC) as a long-term biomarker have enhanced temporal precision and validity. Two developments are 
particularly important. First, the emergence of controlled hydrocortisone-augmentation trials in specific 
phobia has provided rare causal evidence of cortisol’s role in therapeutic learning. Second, longitudinal 
HCC studies in generalised anxiety disorder have offered temporal insights into the evolution of HPA 
function across illness and treatment. 

Across disorders, a consistent pattern emerges when findings are organised temporally and interpreted in 
relation to illness stage and sampling context. Studies reporting elevated cortisol levels mainly assess 
individuals during acute anxiety provocation, early illness stages, or experimentally induced stress, 
conditions under which transient HPA activation is adaptive and expected. In contrast, studies reporting 
blunted reactivity or reduced hair cortisol concentration typically sample individuals with chronic, 
recurrent, or long-standing anxiety, consistent with adaptive down-regulation following repeated 
activation. Differences in cortisol findings usually reflect when, how, and in whom HPA activity is 
measured, rather than conflicting biology.  Treatment studies found clinical improvement to be associated 
with partial or complete normalisation of cortisol indices, providing longitudinal evidence that these 
alterations are dynamic and reversible rather than fixed trait abnormalities. 

This updated synthesis confirms that anxiety disorders do not demonstrate a single, uniform pattern of 
HPA-axis dysfunction. However, the literature has progressed beyond documenting variability toward 
proposing explanatory models grounded in dynamic stress-system adaptation. Since 2014, advances in 
experimental and longitudinal methodologies have strengthened the link between mechanistic stress 
physiology and clinical expression. 

This review is limited by the small number and heterogenous studies, precluding quantitative synthesis. 
Variability of assay methodology, sampling context, and clinical populations restrict direct comparison 
across disorders. Although, the consistency of phase-dependent patterns across independent designs 
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strengthens confidence in the proposed interpretive framework. Conclusions regarding phase-dependent 
patterns should be interpreted as probabilistic tendencies rather than deterministic biomarkers at the 
individual level. Several limitations of the bias assessment itself should be acknowledged. First, many 
included studies employed heterogeneous cortisol sampling protocols and outcome definitions, which 
limited the precision of domain-level judgements, particularly within the measurement-of-outcomes 
domain. Second, incomplete reporting in some observational and longitudinal studies required 
conservative classification of bias domains, potentially overestimating overall risk. Third, the relatively 
small number of eligible post-2014 studies restricted the ability to formally explore publication bias or 
small-study effects. Finally, although two independent reviewers conducted bias assessments, subjective 
interpretation remains inherent to domain-based evaluation frameworks. These limitations suggest that 
bias ratings should be interpreted as structured qualitative indicators. 

Multiple randomised studies demonstrate that pre-exposure hydrocortisone administration reliably 
facilitates extinction learning in specific phobia (Soravia et al. 2018, Schwab et al. 2020, Steudte-
Schmiedgen et al. 2021). This timing-dependent effect provides rare translational confirmation that 
transient glucocorticoid elevation during the reconsolidation window can enhance fear reduction and 
accelerate therapeutic progress. 

Complementing this, longitudinal designs, particularly those utilising HCC, have clarified the temporal 
course of HPA dysregulation. In GAD, elevated HCC observed during acute illness tends to normalise 
following effective treatment (Elnazer et al. 2021). This pattern helps reconcile previously conflicting 
cross-sectional data and aligns with broader psycho-endocrine models in which chronic stress exposure 
leads to down-regulation of HPA responsivity, a form of adaptive “allostatic recalibration” underlying the 
hypocortisolism seen in prolonged illness. 

Together, these advances allow us to test the dual-phase model directly, instead of relying on post hoc 
interpretations. Hydrocortisone-augmentation trials demonstrate that transient cortisol elevation during 
precisely defined learning windows can causally enhance extinction, directly supporting the proposed 
acute activation phase. Longitudinal HCC studies, by contrast, reveal gradual down-regulation and 
subsequent normalisation across illness and treatment, providing within-disorder temporal evidence for 
the chronic adaptive phase. The convergence of experimental manipulation and repeated biomarker 
assessment thus transforms cortisol findings from correlational observations into mechanistically 
interpretable evidence supporting a state-dependent regulatory model. Integrating these strands of 
evidence, a dual-phase model of HPA-axis dysregulation can be proposed. This model moves beyond static 
designations of “hyper-” or “hypo-” cortisol states, conceptualising HPA activity as state-dependent and 
dynamically responsive to illness stage, chronicity, and treatment. 

Although not conducted in a primary anxiety disorder sample, this study is discussed here to illustrate 
convergent evidence for treatment-related recalibration of HPA-axis output across stress-sensitive 
neuropsychiatric conditions. Convergent support for treatment-related HPA modulation also emerges 
from adjacent neurological populations. A randomised controlled trial of post-stroke patients with 
comorbid cognitive impairment and insomnia, demonstrated that a modified Suanzaoren decoction 
produced significantly greater cognitive improvement than zolpidem, accompanied by a selective 
reduction in cortisol levels over four weeks (Zhu et al. 2023). Notably, ACTH levels did not differ between 
groups, suggesting downstream glucocorticoid modulation rather than altered pituitary drive. Cognitive 
gains were most pronounced in attention and delayed recall, while improvements in depressive symptoms 
lost statistical significance under intention-to-treat analysis, underscoring the specificity of the 
cognitive–endocrine association. Although conducted outside primary anxiety diagnoses, these findings 
parallel post-2014 anxiety-treatment studies in which clinical improvement is associated with partial 
normalisation of HPA output rather than global suppression. This pattern reinforces the phase-dependent 
model, in which therapeutic benefit is linked to recalibration of glucocorticoid signalling within an optimal 
range, rather than uniform cortisol reduction. Its inclusion is intended to illustrate mechanistic 
convergence rather than to extend the diagnostic scope of the present review. 
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Taken together, these findings are interpreted as reflecting differential HPA-axis adaptation depending on 
whether anxiety-related stress is acute, recurrent, or prolonged. Studies sampling individuals during early 
illness or experimental provocation capture transient hyperactivation reflecting intact stress mobilisation.  
Studies focusing on chronic or treated populations predominantly index adaptive down-regulation driven 
by repeated activation and altered feedback sensitivity (Miller at al. 2007). The dual-phase framework 
therefore explains not only what patterns are observed, but why apparently contradictory findings emerge 
across studies, grounding cortisol variability in well-established principles of stress physiology and 
allostatic adaptation. The dual-phase model is a useful way to organise these varied findings, though it 
does not provide a complete explanation of HPA dysfunction in anxiety disorders. 

Cortisol results in panic disorder and agoraphobia are highly variable. This is likely because panic episodes 
are brief and HPA activation resolves quickly. During acute panic, cortisol rises temporarily, but it usually 
returns to baseline quickly, making it an unreliable marker for chronic stress. Long-term patterns are 
harder to detect because medications, other conditions, and study differences affect cortisol 
measurements. GAD provides the clearest empirical support for the dual-phase model. Longitudinal 
studies demonstrate a progression from elevated cortisol output during acute illness toward blunted 
cortisol awakening responses and reduced hair cortisol concentration in chronic states. Importantly, 
effective treatment is associated with partial or full normalisation of these indices, consistent with 
restoration of regulatory balance. 

Specific phobia offers the strongest causal evidence linking HPA modulation to therapeutic change. 
Experimental administration of hydrocortisone prior to exposure selectively engages the acute activation 
phase, enhancing extinction learning and fear reduction. The timing of hydrocortisone is crucial, 
suggesting that short-term cortisol spikes help memory updating, not overall stress response. In social 
anxiety disorder, moderate cortisol increases help learning, but very high levels can hinder progress. 
Moderate activation during exposure facilitates extinction, whereas excessive in-session cortisol 
elevations predict poorer therapeutic response. These results suggest that the best learning happens 
when cortisol is moderately elevated, not at its peak. 

Recognition of phase-dependent HPA-axis dynamics carries important clinical and theoretical 
implications. Reliance on single time-point cortisol measurements is unlikely to capture meaningful 
physiological state and may obscure dynamic transitions across illness and recovery. In specific phobia, 
robust evidence supporting pre-exposure hydrocortisone augmentation justifies extension to pragmatic 
clinical trials and more complex phobic presentations. In social anxiety disorder, findings that excessive 
acute cortisol activation impairs learning highlight the potential value of physiological monitoring to 
optimise exposure pacing. In GAD, hair cortisol concentration emerges as a promising biomarker of 
chronicity and treatment response, offering a potential adjunct to symptom-based outcome assessment. 
Altogether, these findings suggest that treatments could be improved by considering cortisol changes and 
other biological measures. This evolving evidence base encourages a biologically informed, personalised 
approach to anxiety treatment, integrating physiological feedback into therapeutic design and evaluation. 

Experimental work should further delineate the boundaries of beneficial versus maladaptive cortisol 
activation by systematically manipulating timing, dose, and contextual relevance of glucocorticoid 
exposure during learning-based interventions. Incorporating neuroimaging, inflammatory markers, and 
autonomic indices alongside endocrine measures would enable mechanistic dissection of how HPA 
dynamics interact with neural circuits underlying fear, learning, and regulation. Based on GRADE criteria, 
the evidence linking cortisol to treatment outcomes in anxiety disorders is moderately strong. While 
biologically plausible, the evidence base remains limited by methodological heterogeneity, modest sample 
sizes, and variability in endocrine measurement approaches. Restriction to English-language studies may 
have introduced publication or language bias. 

This review has additional methodological limitations. The search strategy was restricted to two electronic 
databases (PubMed/MEDLINE and Embase) and to English-language publications, which may have 
introduced language and publication bias. Grey literature, trial registries, and unpublished data were not 
systematically searched. Although citation tracking was undertaken, relevant studies indexed in other 
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databases may have been missed. The relatively small number of eligible post-2014 studies and substantial 
heterogeneity in cortisol assays and sampling protocols further limited the possibility of quantitative 
synthesis. These factors may restrict the completeness and generalisability of the evidence base. 

Conclusion 
Growing evidence supports a dynamic model of cortisol regulation in anxiety, where illness stage strongly 
influences HPA activity. Two methodological developments have been particularly influential: 
experimental hydrocortisone-augmentation studies demonstrating causal links between transient 
glucocorticoid elevation and therapeutic learning, and longitudinal hair cortisol investigations 
documenting temporal changes in chronic anxiety and treatment response. Future studies should track 
both short-term and long-term cortisol in the same patients to turn these insights into useful clinical 
biomarkers and treatments. This conceptual shift is underpinned by two major methodological advances: 
the emergence of hydrocortisone-augmentation trials demonstrating causal links between transient 
glucocorticoid elevation and therapeutic learning, and longitudinal hair cortisol studies elucidating 
temporal changes in chronic anxiety and treatment response.  

Together, these developments signify a clear maturation of both methodology and theory. The dual-phase 
model provides a simple way to interpret the inconsistent findings, linking clinical results with underlying 
stress physiology. To confirm and extend this model, future research should employ integrated longitudinal 
designs that concurrently assess acute (salivary) and chronic (hair) cortisol indices across the trajectory 
of illness, treatment, and recovery. This approach could help turn research on stress hormones into real 
biomarkers and better treatments for anxiety. 
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