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Chapter 4 



ABSTRACT 

Background 

Anxiety disorders have been suggested to be linked to hypothalamic-pituitary-adrenal (HPA) 

axis activity, although results are scarce and inconsistent. No earlier studies have examined 

consistency of HPA axis findings across several anxiety subtypes and whether associations 

are state or trait dependent. Our objective was to examine the association between several 

subtypes of anxiety disorders and various cortisol indicators in a large cohort study.  

Methods  

Data are derived from 1427 participants of the Netherlands Study of Depression and Anxiety. 

Three groups were compared: 342 control participants without psychiatric disorders; 311 

persons with a remitted (no current) anxiety disorder (social phobia, generalized anxiety 

disorder, panic disorder); and 774 persons with a current anxiety disorder, as diagnosed 

using the Composite International Diagnostic Interview psychiatric interview. Cortisol levels 

were measured in seven saliva samples, determining the 1-hour cortisol awakening 

response, evening cortisol, and cortisol response after 0.5 mg of dexamethasone ingestion.  

Results 

Current anxiety disorder was associated with higher awakening cortisol levels (p = 0.002). 

These findings were mainly present for patients with panic disorder with agoraphobia and 

anxious patients with comorbid depressive disorder. Remitted anxiety only showed a trend 

toward higher morning cortisol (p = 0.08). No associations were observed for anxiety status 

and evening cortisol level or cortisol suppression after dexamethasone.  

Conclusions 

This study showed a modest but significantly higher 1-hour cortisol awakening response 

among anxiety patients, which was driven by those with panic disorder with agoraphobia and 

those with comorbid depression.  

 

SA Vreeburg, FG Zitman, J van Pelt, RH DeRijk, JCM Verhagen, R van Dyck, WJG 
Hoogendijk, JH Smit, BWJH Penninx 

 
Psychosomatic Medicine 2010, 72(4): 340-7 

 
 

 

 

 

 

 

 



INTRODUCTION 

Anxiety disorders can be precipitated and accompanied by stress1 and may, therefore, be 

associated with hypothalamic—pituitary—adrenal (HPA) axis dysregulation.2 Although there 

is extensive literature linking major depressive disorder (MDD) and HPA axis activity,3 less is 

known about the association between anxiety disorder and HPA axis activity. Anxiety 

disorder frequently precedes MDD, shares clinical features, and responds to similar 

treatments, suggesting a common pathophysiological basis.4 Moreover, the somatic 

consequences of anxiety disorders, such as the higher prevalence of cardiovascular disease 

and diabetes,5 may point to HPA axis dysregulation.  

Anxiety disorder has—although inconsistently—been linked to increased corticotropin-

releasing factor, which stimulates HPA axis activity.6 For panic disorder (PD), some studies7-

10 have found higher basal cortisol levels, whereas others 11,12 have found no difference. In 

addition, studies showed normal suppression13,14 or more nonsuppression15,16 after 

dexamethasone ingestion in PD. Only few studies have examined HPA axis activity in 

generalized anxiety disorder (GAD), illustrating elevated17 or normal basal cortisol levels18-20  

and more nonsuppression14  or normal suppression21,22 after dexamethasone. Regarding 

social phobia, most studies described no difference in basal cortisol level. 23,24 

In sum, the literature on HPA axis activity in these anxiety disorders is inconclusive. 

Moreover, the potentially confounding role of comorbid depressive disorder has not always 

been addressed. Comorbidity between MDD and anxiety is highly frequent,5,25 and MDD has 

shown to be associated with elevated cortisol levels by our group26 and others. Therefore, it 

should be tested whether observed associations between anxiety disorders and HPA axis 

activity represent an independent effect. Furthermore, in a prior report among depressed 

subjects,26 we showed a higher cortisol awakening response for both current and remitted 

depressed subjects which may suggest a trait-associated biological vulnerability. Because 

remitted anxiety disorder patients have never been included in large studies, it remains 

unclear whether HPA axis dysregulation represents a state or a trait effect. Moreover, as most 

studies were not able to directly compare different types of anxiety disorders, our study will 

contribute to the question: Which of these investigated anxiety disorders is mainly associated 

with HPA axis dysregulation? 

The present study examines differences between anxious subjects and healthy control 

participants in various salivary cortisol indicators, addressing the potential differentiating 

effects of recency of symptoms (remitted versus current disorder) and anxiety subtypes 

(social phobia, GAD, PD with agoraphobia [PDA] and PD without agoraphobia[PD]) and 

additionally analyzing the role of symptomatology, comorbid depression, and psychoactive 

medication.  

 



METHODS 

Study Sample 

Data are derived from the baseline assessment (September 2004–February 2007) of the 

Netherlands Study of Depression and Anxiety (NESDA), a cohort study (n = 2981) on the 

course of depressive and anxiety disorders in adults (aged 18–65 years). Respondents were 

recruited from the community, general practice, and specialized mental health care and 

included persons with psychopathology as well as controls without a psychiatric diagnosis. 

General exclusion criteria were: a primary diagnosis of psychotic disorder; obsessive compulsive 

disorder; bipolar disorder; or severe addiction disorder; and not being fluent in Dutch. Objectives 

and methods of NESDA are described in the study by Penninx and colleagues. 27 The 

research protocol was approved by the Ethical Committee of participating universities and all 

respondents provided their written informed consent. 

Control participants had no lifetime history of anxiety disorder (panic disorder, GAD, 

agoraphobia, or social phobia) or depressive disorder (major depressive disorder [MDD] or 

dysthymia) as assessed by the Diagnostic and Statistical Manual of Mental Disorders, Fourth 

Edition Composite International Diagnostic Interview (CIDI, Word Health Organization, 

version 2.1), no family history of depression or anxiety, and a score of < 10 on the Beck 

Anxiety Inventory (BAI) (n = 449). Persons with remitted anxiety had a lifetime history of 

anxiety disorder (PDA or PD, GAD, or social phobia) but no diagnosis of anxiety in the last 6 

months as diagnosed by the CIDI (n = 441). Persons with a current anxiety were diagnosed 

with anxiety disorder in the last 6 months (84.0% were diagnosed in the last month) as 

assessed by the CIDI (n = 1206). We subsequently excluded 20 pregnant or breastfeeding 

women and 113 participants who received corticosteroids, leaving an initial sample of 1963 

respondents. Of these respondents, 1431 (72.9%) (n = 343 controls, 311 remitted anxiety, 

and 777 current anxiety) returned saliva samples, of whom 1305 (91.2%) returned all seven 

samples, 93 (6.5%) six samples, 19 (1.3%) five samples, and 14 (1.0%) four samples or less. 

Participants in the present study sample did not differ in sex from the participants who did not 

provide sufficient saliva samples, but they were older (44.2 years versus 38.1 years, p < 

0.001), more educated (12.4 years versus 11.7 years, p < 0.001), and less likely to have a 

current anxiety disorder (52.9% compared with 66.7%, p < 0.001). 

 

Salivary cortisol 

A minimally intrusive way to measure basal cortisol level is through saliva sampling, 

reflecting the active unbound form of cortisol.28 Correlations of free and total cortisol are high, 

especially when saturation with cortisol binding globulin is low.29 As described elsewhere,30 

respondents were instructed to collect saliva samples at home on a regular (working) day 

shortly after the interview. The median time between the interview and saliva sampling was 



9.0 days (25th–75th percentile: 5–21.0). Saliva samples were obtained, using Salivettes 

(Sarstedt, Germany), at seven time points: at awakening (T1) and 30 minutes (T2), 45 

minutes (T3) and 60 minutes (T4) later, at 10 PM (T5) and 11 PM (T6), and the next morning 

at awakening (T7) after ingestion of 0.5 mg of dexamethasone, taken directly after the saliva 

sample at 11 PM (T6). After return by mail, samples were stored at –80°C. Cortisol analysis 

was performed by competitive electrochemiluminescence immunoassay (E170 Roche, 

Basel, Switzerland). The functional detection limit was 2.0 nmol/L and the intra- and 

interassay variability coefficients in the measuring range were < 10%. Three cortisol 

indicators were used: 1-hour awakening cortisol; evening cortisol; and dexamethasone 

suppression test (DST). 

 

One-Hour Awakening Cortisol 

In addition to conducting mixed models analyses (described in the statistical analyses 

section) using all four morning saliva samples, we calculated the area under the curve with 

respect to the increase (AUCi) and with respect to the ground (AUCg), using Pruessner’s 

formulas.31 The AUCi is calculated as follows: AUCg — the awakening sample (T1) × 1 hour. 

The AUCg is an estimate of the total cortisol secretion and predicts mean cortisol levels 

throughout the day, whereas the AUCi is a measure of the dynamic of the cortisol awakening 

response (CAR), is more related to the sensitivity of the system, and emphasizes changes 

over time after awakening. If samples were collected outside of a margin of 5 minutes around 

the time protocol, values were assigned missing. In data cleaning, we assigned missings to 

the 64 cortisol values (of 5237 samples) > 2 standard deviation (SD) from the mean (cutoff 

range, 50.49 – 133.07 nmol/L). Morning cortisol analyses included all persons with at least 

two valid morning cortisol values (n = 1356: 327 controls, 298 remitted anxiety, 731 current 

anxiety), as linear mixed models analyses can adequately interpolate for missings.32 For area 

under the curve (AUC) analyses, at least three samples had to be available. For those with 

one missing cortisol value (n = 71), the missing was imputed, using linear regression 

analyses including the available three cortisol levels, sex, age, awakening time, and smoking 

status. 

 

Evening Cortisol 

Data cleaning excluded cortisol values > 2 SD from the mean (45.52 nmol/L for T5 and 25.29 

nmol/L for T6), excluding 24 of 2820 cortisol values. Because cortisol levels at 10 PM and 11 

PM strongly correlated (rho = 0.8, p < 0.01), we used the mean of both cortisol levels. 

Ultimately, data from 1417 subjects were available for evening cortisol analyses (338 

controls, 309 remitted anxiety, and 770 current anxiety).  

 



Dexamethasone Suppression Test (DST)  

This test provides information on the negative feedback system of the HPA axis, because 

dexamethasone reduces cortisol level by acting on the pituitary.33 Data cleaning was 

performed by excluding cortisol values > 2 SD from the mean for T7 (30.70 nmol/L), 

designating 14 cortisol values (of 1374 samples) as missing, leaving 1360 subjects with T7. 

Of these, 1305 (96.0%) subjects (312 controls, 278 remitted anxiety, and 715 current 

anxiety) had taken the 0.5 mg of dexamethasone (indicated by self-report) and were 

available for the DST analyses. Besides post dexamethasone cortisol level (T7), we used a 

cortisol suppression ratio (T1/T7). In addition, we used a dichotomized indicator of the log 

T1/T7 ratio < 0.18 (representing 1 SD below mean) as nonsuppressor. 

In sum, 342 control participants, 311 persons with remitted anxiety, and 774 with current 

anxiety provided at least one usable salivary cortisol variable (1-hour awakening values, 

evening value, or DST) and constitute the study sample. 

 

Covariates 

Previously, we described effects of sociodemographics (sex, age, education [years attained], 

race [North-European ancestry]), sampling factors (awakening time, work status, weekday, 

season, sleep duration), and health indicators (physical activity and smoking) on salivary 

cortisol variables in our study.30 These identified determinants will be considered as 

covariates. Respondents reported time of awakening and working status on the sampling 

day. Season was categorized in less daylight (October through February) and more daylight 

(March through September) months. Average sleep duration during the last 4 weeks was 

dichotomized as ≤ 6 or > 6 hours/night, and smoking status as current smoker versus no 

smoker. Physical activity was assessed, using the International Physical Activity Questionnaire, 

and expressed in 1000 MET-minutes (metabolic energy turnover per minute) a week.34   

 

Anxiety Characteristics 

Anxiety subtype was derived from the CIDI psychiatric interview and included social phobia, 

PDA and PD, and GAD. As an indicator of symptom severity, the 21-item BAI35 was used. As 

an indicator of phobic symptoms, the 15-item Fear Questionnaire was used.36 In addition, 

comorbid remitted or current MDD was assessed, using the CIDI, because we previously 

found that both were equally related to cortisol level.26 Finally, we distinguished tricyclic 

antidepressants, selective serotonin reuptake inhibitors, other antidepressants and 

benzodiazepines, according to the Anatomical Therapeutic Chemical classification. 

 

 

 



Statistical Analyses 

AUCs showed normal distributions, the 1-hour awakening cortisol, evening cortisol, and DST 

measures were slightly skewed and therefore log-transformed for analyses. Therefore, 

medians (and interquartile ranges) were given in Table 1. Back-transformed values were 

used in Table 2 and Figures 1 and 2. Baseline characteristics were compared, using X2
 and 

analysis of variance statistics. Median tests were used for nonparametric continuous cortisol 

measures. To analyze differences in 1-hour awakening cortisol across groups, analysis of 

covariance (ANCOVA) analyses with AUCi and AUCg were conducted. In addition, random 

coefficient analysis of the four morning cortisol levels was performed, using linear mixed 

models that keep original values on all four data points, can accommodate for incomplete 

cases, and take correlation between repeated data into account.32 Anxiety groups, time point 

(1–4), and all covariates were entered as fixed factors, subjects were treated as a random 

effect, and a random intercept was estimated. To examine whether the course of cortisol 

level after awakening was different across groups, we added a group by time interaction 

term. ANCOVA analyses examined differences across anxiety groups in evening cortisol and 

cortisol after dexamethasone ingestion (T7 and T1/T7 ratio). Multivariable logistic regression 

analysis examined anxiety group status and the dichotomous DST nonsuppression indicator. 

Additional analyses on anxiety subtype, severity, comorbid MDD, and medication were 

performed among persons with current anxiety, using ANCOVA and linear mixed model 

analyses. For significant findings, effect sizes were calculated with Cohen’s d (1988). All 

analyses were conducted, using SPSS version 15.0 (SPSS Inc., Chicago, Illinois). 

 

RESULTS 

Persons with current or remitted anxiety disorder were more often female, younger, less 

educated, less likely to work, waking up later, and more likely to sleep fewer hours and to 

smoke. Of anxiety disorders, social phobia and GAD were most prevalent (Table 1).  

In total, 70.6% of respondents showed an increase in cortisol in the first hour after 

awakening. Unadjusted cortisol levels did not differ between groups at awakening but were 

generally higher for remitted anxiety and highest for current anxiety during the hour after 

awakening (Table 1). Evening and post dexamethasone cortisol levels were significantly 

higher in persons with anxiety disorder, but no significant differences across groups were 

found for the cortisol suppression ratio and percentage nonsuppression.   

 

 

 

 

 



Table 1 Sample Characteristics 

                                                                      Controls  
                                                                     n = 342 

Remitted Anxiety  
n = 311  

Current Anxiety  
n = 774  

p  

Female (%)  57.9  73.3  65.0  <.001 

Age, yrs, mean (SD)  47.7 (11.7)  45.1 (12.5)  42.2 (12.2)  <.001 

North-European ancestry (%)  95.9  95.8  94.6       .53  

Education, yrs, mean (SD)  13.3 (3.3)  12.4 (3.1)  11.9 (3.4)  <.001 

Time of awakening, mean (SD)  7:18 AM  

(1 hr 7 mins)  

7:23 AM  

(1 hr 23 mins)  

7:31 AM  

(1 hr 17 mins)  

     .03  

Working on day of sampling (%)  65.6  58.3  54.7  .004  

Sampling on a weekday (%)  89.8  88.9  90.4       .75  

Sampling in a month with more daylight (%)  52.9  56.8  53.5       .57  

≤ 6 hours of sleep (%)  17.5  28.1  33.2  <.001 

Smoking (%)  21.3  30.5  38.5  <.001 

Physical activity  

(mean in 1000 MET-min/week, SD)  

3.9 (3.1)  3.6 (2.9)  3.6 (3.1)       .40  

Lifetime social phobia (%)  NA  45.0  62.9  <.001 

Lifetime PD with agoraphobia (%)  NA  11.9  37.0  <.001 

Lifetime PD without agoraphobia (%)  NA  23.5  22.4       .69  

Lifetime GAD (%)  NA  47.3  45.0       .49  

BAI score, mean (SD)  2.6 (2.6)  8.8 (7.3)  17.7 (10.1)  <.001 

Fear score, mean (SD)  10.0 (9.7)  20.0 (14.6)  35.7 (19.7)  <.001 

Comorbid MDD (%)  NA  73.3  77.8  <.001 

No psycho-active medication (%)  99.4  76.8  58.0  <.001 

TCA (%)  0.0  2.9  4.4  <.001 

SSRI (%)  0.3  16.4  25.3  <.001 

Other antidepressant (%)  0.0  2.9  10.1  <.001 

Use of benzodiazepine (%)  0.3  3.5  10.7  <.001 

Cortisol characteristics  

(median in nmol/L, IQR)  

1-hour awakening cortisol 

    

Cortisol T1, at awakening  15.9 (12.2–19.3)  16.1 (12.4–19.8)  16.1 (12.4–20.9)       .95  

Cortisol T2,+ 30 min 18.9 (14.6–24.4)  19.3 (14.9–25.1)  20.2 (15.0–27.2)       .08  

Cortisol T3,+ 45 min 16.9 (12.8–22.0)  17.6 (13.0–22.9)  18.7 (13.7–25.4)       .004  

Cortisol T4,+ 60 min 

Evening cortisol 

14.6 (11.2–19.2)  15.5 (11.9–20.8)  15.9 (11.7–22.1)       .08  

Mean evening level  

Dexamethasone suppression test 

4.6 (3.3–6.1)  5.1 (3.6–6.8)  4.9 (3.4–6.8)       .05  

Cortisol T7, at awakening  6.1 (4.8–8.0)  6.6 (5.1–8.7)  6.5 (4.8–8.4)       .03  

Cortisol suppression ratio
a
  2.5 (1.9–3.3)  2.3 (1.7–3.3)  2.5 (1.8–3.3)       .21  

Nonsuppression (%)  14.1  15.3  13.1       .65  
 

a
 Cortisol suppression ratio = log (salivary cortisol T1/salivary cortisol T7).  

SD = standard deviation; MET = metabolic energy turnover; NA = not applicable; PD = panic disorder; GAD = 
generalized anxiety disorder; MAD = major depressive disorder; BAI = Beck Anxiety Inventory; TCA = tricyclic 
antidepressant; SSRI = selective serotonin reuptake inhibitor; IQR = interquartile range. 
 

One-Hour Awakening Cortisol 

After adjustment for all covariates, results illustrate that consistently after awakening the 

current anxiety group showed higher overall cortisol levels than controls, reflected by a 

significant group effect (current anxiety versus controls: p = 0.002) in linear mixed model 

analyses and by a significantly higher AUCg (p = 0.002, effect size [Cohen’s d] = 0.21) 

(Figure 1, Table 2). The remitted anxiety group held the intermediate position between 

controls and current anxiety with marginally significant differences (Figure 1, Table 2).    

  



Table 2 Results of ANCOVA Analyses Associating the Three Anxiety Groups with Various Salivary 

Cortisol Indicators  

 

Controls  

 

n = 342  

Mean (SE) 

Remitted 

Anxiety  

n = 311  

Mean (SE) 

Remitted 

Anxiety vs. 

Controls  

p 

Current 

Anxiety  

n = 774 

Mean (SE) 

Current 

Anxiety vs. 

Controls  

p 

Current vs. 

Remitted 

Anxiety  

p 

Cortisol awakening response  

AUCg, unadjusted 18.4 (0.4) 19.0 (0.4) .32 19.9 (0.3) .004 .11 

AUCg, full adjustment
a
 18.3 (0.4) 19.0 (0.4) .23 19.9 (0.3) .002 .10 

AUCi, unadjusted 1.6 (0.4) 2.2 (0.4) .23 2.7 (0.3) .02 .35 

AUCi, full adjustment
a
 1.8 (0.4) 2.2 (0.4) .50 2.6 (0.3) .12 .45 

Evening cortisol 

Evening cortisol, unadjusted 4.4 (1.0) 4.9 (1.0) .01  4.8 (1.0) .02 ,59 

Evening cortisol,full adjustment
a 4.5 (1.0) 4.9 (1.0) .07 4.7 (1.0) .26 .32 

Dexamethasone suppression test 
Cortisol post dexamethasone, 
unadjusted

b
 

6.2 (1.0) 6.6 (1.0) .05 6.4 (1.0) .28 .22 

Cortisol post dexamethasone, 
full adjustment

a
 

6.2 (1.0) 6.7 (1.0) .04 6.4 (1.0) .32 .14 

Cortisol suppression ratio, 
unadjusted

b
 

2.5 (1.0) 2.4 (1.0) .28 2.5 (1.0) .87 .27 

Cortisol suppression ratio, full 
adjustment

a
 

2.4 (1.0) 2.4 (1.0) .47 2.5 (1.0) .39 .09 

a

Adjusted for sex, age, North-European ancestry, education, working, weekday, time of awakening, sleep, month 
with more day light, physical activity, and smoking.  
b

Cortisol suppression ratio = (salivary cortisol T1/salivary cortisol T7), after 0.5 mg dexamethasone (po). Evening 
and post dexamethasone cortisol values and cortisol suppression ratio values were back-transformed for this 
table.  
ANCOVA = analysis of covariance; SE = standard error; AUCg = area under the morning curve with respect to the 
ground (in nmol/L/hour); AUCi = area under the morning curve with respect to the increase (in nmol/L/hour). 
 

Evening Cortisol Level 

Unadjusted mean evening cortisol levels were significantly higher in both anxiety groups, but 

these results became nonsignificant after full adjustment (Table 2). 

 

Dexamethasone Suppression Test 

There were no consistent differences in cortisol suppression after dexamethasone ingestion 

between anxiety groups and controls; anxiety groups did not differ in cortisol suppression 

ratio or T7 levels (except for a significantly higher T7 cortisol level for remitted anxiety) after 

full adjustment compared with controls (Table 2). When using the dichotomous indicator of 

nonsuppression, the odds ratio (OR) for nonsuppression for both anxiety groups was also not 

significantly different from controls (OR for remitted anxiety, 1.33; 95% confidence interval 

[CI], 0.87–2.02, p = 0.19; OR for current anxiety, 1.31; 95% CI, 0.87–1.97, p = 0.19), or 

between anxiety groups (OR,1.00; 95% CI, 0.63–1.63, p = 0.97). To test for compliance with 

dexamethasone ingestion, we measured dexamethasone levels with a radioimmunoassay, 

using the antidexamethasone antibody from IgG Corporation (Nashville, Tennessee); 

functional detection limit is 0.4 nmol/L and reported cross-reactivity for cortisol is 0.04%. 

Among 47 respondents with a T1/T7 ratio of < 1.5 (indicative of nonsuppression) who 

reported dexamethasone ingestion, we found detectable dexamethasone levels (> 0.4 

nmol/L) in the T7 saliva samples among 90%.  



 
 

Figure 1 Mean salivary cortisol levels of 1-hour awakening cortisol for controls, remitted anxiety, and current 

anxiety. *Adjusted for sex, age, education, North-European ancestry, working, weekday, time of awakening, 

sleep, month with more day light, physical activity, and smoking. Results liner mixed model analyses: current 

anxiety versus controls: p = 0.002 and interaction with time: p = 0.10. Remitted anxiety versus controls: p = 0.08 

and interaction with time: p = 0.95. Current versus remitted anxiety: p = 0.27, interaction with time: p = 0.20. 

Error bars illustrate standard errors. 
a 

Current anxiety versus controls, p < 0.01.    

 

 

Table 3 Results of Multivariable Regression Analyses Associating Anxiety Characteristics with  

1-Hour Awakening Cortisol within the Current Anxiety Group, Regression Coefficients (b), and  

p Values 

                                                                          AUCg AUCi Mixed Model Analyses 

 n = 684 n = 684 n = 731 

(0 = no; 1 = yes) 
b  p  b  p  

Direct Effect  
p  

Time interaction  
p  

PD with agoraphobia (n = 246) vs other AD  0.97  .13  1.36  .02  .25  .07  

Severity score (BAI, continuous)  –0.03 .39  0.009  .78  .75  .51  

Phobic symptoms (fear, continuous)  0.007 .65  0.009  .56  .77    .997  

Comorbid MDD (n = 568)  
Use of antidepressants 

1.28  .06  0.47  .46  .04  .40  

TCA (n = 32)  –1.62 .23  –2.68 .03  .35  .04  

SSRI (n = 182)  –0.26 .70  –0.62 .33  .53  .97  

Other antidepressant (n = 74)  –1.52 .10  –0.49 .57  .78  .58  

Use of benzodiazepines (n = 75)  –0.07 .94  –0.88 .34  .13  .38  

Analyses are adjusted for sex, age, education, North-European ancestry, working, weekday, time of awakening, 
sleep, month with more day light, physical activity, and smoking. All independent variables were included in one 
regression model. 
AUCg = area under the morning curve with respect to the ground; AUCi = area under the morning curve with 
respect to the increase; PD = panic disorder; 
AD = anxiety disorder; BAI = Beck Anxiety Inventory; MDD = major depressive disorder; TCA = tricyclic 
antidepressant; SSRI = selective serotonin reuptake inhibitor. 



     
Figure 2 Mean salivary cortisol levels of 1-hour awakening cortisol for controls, panic disorder with agoraphobia 

(PDA) with and without major depressive disorder (MDD), other anxiety disorders (AD) with and without MDD. 

*Adjusted for sex, age, education, North-European ancestry, working, weekday, time of awakening, sleep, month 

with more day light, physical activity, and smoking. Results linear mixed model analyses: other anxiety disorder 

without MDD versus controls: p = 0.62 and interaction with time: p = 0.71. Other anxiety disorder with MDD 

versus controls: p = 0.002 and interaction with time: p = 0.31. Panic disorder with agoraphobia without MDD 

versus controls: p = 0.02 and interaction with time: p = 0.28. Panic disorder with agoraphobia with MDD versus 

controls: p = 0.005 and interaction with time: p = 0.008. Error bars illustrate standard errors. Significant p values 

for comparisons with controls: 
a
other AD with MDD: p ≤ 0.05; 

b
three highest groups: p < 0.05; 

c
PDA with MDD and 

other AD with MDD: p ≤ 0.001.   

 

Anxiety Characteristics 

Because current anxiety disorder was most consistently associated with higher 1-hour 

awakening cortisol, we conducted analyses within this group to investigate the role of 

possible differentiating factors (Table 3). As the investigated anxiety disorders differ clinically, 

it is essential to divide the different types of anxiety disorders. Therefore, we first explored 

the associations of the different types of anxiety disorders; PDA, PD, GAD, and social phobia 

with cortisol level by plotting the AUCs. PDA seemed to have the highest CAR. To objectify 

this, we conducted linear regression analyses directly comparing PDA with the other anxiety 

disorders. We observed a higher CAR for PDA when compared with social phobia (AUCg: b 

= 0.87, p = 0.18; AUCi: b = 1.06, p = 0.08), GAD (AUCg: b = 0.81, p = 0.21; AUCi: b = 1.12, p 

= 0.06), or PD (AUCg: b = 0.83, p = 0.18; AUCi: b = 1.26, p = 0.03). There were no apparent 

differences between the other anxiety disorders, and these results were confirmed by linear 

mixed model analyses. Given these results, for further analyses, all other anxiety disorders 

were taken together and compared with PDA.  

In multivariable analyses, those with PDA had a significantly increased awakening 

response compared with all other anxiety patients (AUCi: b = 1.36, p = 0.02; linear mixed 

model analyses: interaction with time: p = 0.07; Table 3). Independent of this effect, an 

additional effect was found for comorbid MDD (AUCg: b = 1.28, p = 0.06, linear mixed model 

analyses: direct effect: p = 0.04). Symptom severity and the use of psychoactive 



medication—except tricyclic antidepressants—did not further influence morning cortisol, 

illustrating that the observed effects of MDD and PDA were independent of medication use 

and symptom severity or phobic symptoms.  

To illustrate effects of anxiety subtype and comorbid MDD, we compared five groups (Figure 

2). Compared with controls (n = 342), significantly higher morning cortisol levels were found 

for those with PDA with MDD (n = 210, linear mixed model: direct effect: p = .005, d = 0.30, 

interaction with time: p = 0.008, d = 0.22), PDA without MDD (n = 53, linear mixed model: 

direct effect: p = 0.02, d = 0.32, interaction with time: p = 0.28), or other anxiety disorders 

with comorbid MDD (n = 392, linear mixed model: direct effect: p = 0.002, d = 0.25, 

interaction with time: p = 0.31), but persons with other anxiety disorders without comorbid 

MDD (n = 119) did not differ from controls. 

 

DISCUSSION 

This extensive study examined the association between anxiety disorders and HPA axis 

activity, taking into account remission of symptoms and anxiety subtypes, at the same time 

adjusting for important covariates. We found higher cortisol awakening levels in persons with 

a current anxiety disorder and borderline significance for persons with a remitted anxiety, 

compared with control participants. Additional analyses revealed that the 1-hour awakening 

cortisol was higher among the anxious subjects who had comorbid MDD and—independently— 

among those with PDA. After full adjustment, there were no consistent differences between 

the anxiety groups and controls in evening cortisol level or cortisol suppression after 0.5 mg 

of dexamethasone ingestion, compared with control participants.  

Only few studies examined 1-hour awakening cortisol in these anxiety disorders. One 

report found a higher CAR in GAD compared with controls in an older cohort,17 no difference 

in CAR was found between patients with social phobia and control participants,24 and there 

are no previous reports on the CAR in panic disorder. We found higher 1-hour awakening 

cortisol levels for the current anxiety group, with overall higher cortisol levels (AUCg) as well 

as a trend toward a higher increase within the hour after awakening (AUCi), indicating that 

the dynamic of the CAR as well as total cortisol secretion is increased in anxiety disorders 

compared with control participants. The CAR is a response to awakening37 and has been 

hypothesized to be associated with activation of prospective memory representations at 

awakening, enabling orientation in time and space and anticipation of the upcoming day.38 

Despite significance, the effect size of the higher CAR for anxiety patients was modest (d, 

0.15– 0.25) and comparable to the effect size previously described for MDD.26 However, 

because nonresponders on saliva sampling were more often diagnosed with an anxiety 

disorder than responders, this could have led to an underestimation of the effects.  



Whether cortisol differences in these anxiety disorders represent a state or a trait effect has 

rarely been investigated before. No difference between symptomatic and nonsymptomatic panic 

disorder in basal cortisol level was reported by Garcia-Leal and colleagues.10 Our results also 

indicate that differences in cortisol were less pronounced in remitted anxiety disorders, 

indicating that HPA axis dysregulation may be state dependent in anxiety disorder. However, it 

should be noted that our remitted anxiety group was rather small and, therefore, it could be that 

specific remitted anxiety disorders do elicit HPA axis dysregulation, illustrating a biological 

vulnerability or ―scar‖ effect, as we recently observed for MDD.26 As shown in Table 1, BAI 

scores for remitted anxiety were in between controls and current anxiety, which could account 

for the intermediate position of the remitted group between controls and current anxiety.  

Previous studies reported no difference in evening cortisol levels10,17,18,24 as well as more 

pronounced HPA dysregulation during the night for anxiety disorders.7,9 Our observed 

significantly elevated evening cortisol in both anxiety groups disappeared after adjustment for 

covariates, which stresses the importance of adjusting for possible confounders. Smoking 

especially was an important confounder, as it is strongly related to cortisol level throughout 

the day (effect sizes up to 0.38).30  

In line with some studies13,14,24 but inconsistent with others,15,16,21,22 we did not find 

significantly higher rates of nonsuppression after dexamethasone ingestion in the anxiety 

groups. Studies that did report more nonsuppression in anxiety disorder were among GAD or 

panic disorder patients, excluded MDD, and used a 1 mg plasma-DST, which made them not 

directly comparable to our study. Our results might indicate that anxiety is not accompanied by 

dysregulation of the negative feedback system of the HPA axis. Alternatively, perhaps 

differences in the negative feedback system of the HPA axis become more pronounced when 

using the more sensitive dexamethasone-corticotropin-releasing hormone test. 39,40  As anxiety 

disorders can greatly differ, it is essential to know whether these HPA axis dysregulations are 

specific to any of the disorders or a general feature. When examining the roles of subtypes of 

anxiety disorder, we found that— independently of the presence of comorbid MDD — especially 

PDA was associated with an increased CAR. PD, GAD, and social phobia were not as much 

associated with a higher CAR. Studies that compared PD and PDA generated divergent results; 

either showing higher 8 or similar9,39 basal cortisol levels among PDA. Similarly, Kathol et al.8 

only found significantly higher levels of urinary cortisol for PD when accompanied by 

agoraphobia or comorbid MDD, compared with controls. Comorbidity of agoraphobia can be 

regarded as a severity indicator of PD, since it causes more severe disturbance41 and predicts 

poor outcome.42 Although not related to cortisol level, total BAI score for PDA was significantly 

higher than for other anxiety disorders (21.4 [SD = 9.1] versus 15.8 [SD = 10.9], p < 0.001). 

Elevated cortisol in PDA may be indicative of increased reactivity in these persons, leading to 

more avoidance and functional disability.43 Possibly, anticipatory anxiety and arousal play a role 



in especially PDA, leading to a higher CAR in anticipation of the upcoming day. Considering that 

HPA axis hyperactivity was only observed for complicated anxiety disorders—with comorbid 

depressive disorders or agoraphobia—it seems that severity plays a role in the elevation of 

cortisol levels. However, the mechanisms by which PDA is associated with higher cortisol 

remains to be determined in future studies.  

GAD and social phobia did not show a significantly greater CAR than controls, when 

comorbid MDD was absent. These findings are in line with earlier studies on GAD18,20 and 

social phobia.23,24 We observed that for these disorders, the presence of comorbid MDD was 

of importance, because the CAR was only significantly increased in the comorbid group. 

Young et al.44  also found that social phobia was associated with adrenocorticotropic hormone 

and cortisol response to stress, only when combined with MDD. Both results stress the need 

to examine anxiety disorders and MDD in concert.  

Our study had some limitations. First, because these analyses were cross-sectional, our 

results cannot address causality of the associations found. Second, noncompliance with the 

sampling instructions could have resulted in measurement error and may explain why some 

persons (29.4%) did not demonstrate a cortisol increase after awakening. However, even 

when awakening is closely monitored, still at least 15% of all persons did not respond with a 

cortisol increase.45 Also for dexamethasone, it is impossible to guarantee ingestion by all 

persons. However, we found detectable dexamethasone levels in the T7 saliva samples in 

90% of the persons with a T1/T7 ratio indicative of nonsuppression, who reported 

dexamethasone ingestion, indicating that noncompliance with dexamethasone ingestion is 

not likely to be frequent. Third, our study did not include specific phobias that have been 

associated with especially cortisol elevations during acute anxiety.46 Fourth, although we 

have data on symptom severity in the time period close to sampling, no data on anxiety or 

panic were available on the day of saliva sampling, which could have had acute effects on 

cortisol levels. In addition, we did not measure cortisol levels during acute anxiety, such as 

panic attacks or in an experimental setting that evokes situation-specific fears. However, 

literature that does exist on cortisol levels during panic attacks, for instance, points more to 

the direction of an effect of anticipatory anxiety than acute effects.47  

Effect sizes for the CAR were in the range of 0.23 to 0.32, indicating modest effects. 

Although the clinical relevance of such differences needs to be explored in further large-scale 

research, there is some evidence that cortisol level may predict functional disability in panic 

patients43 and is associated with unfavorable somatic outcomes, such as atherosclerotic 

plaques.48 By showing a significantly higher cortisol awakening response among currently 

anxious subjects—mainly those with PDA or with comorbid MDD—our study indicates that 

further research into the underlying mechanisms and consequences of these HPA axis 

observations is needed.  
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