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ABSTRACT 

Background 

Cortisol levels are increasingly often assessed in large-scale psychosomatic research. 

Although determinants of different salivary cortisol indicators have been described, they have 

not yet been systematically studied within the same study with a large sample size. 

Sociodemographic, health and sampling-related determinants of salivary cortisol levels were 

examined in a sample without potential disturbances because of psychopathology.  

Methods 

Using 491 respondents (mean age = 43.0 years, 59.5% female) without lifetime psychiatric 

disorders from the Netherlands Study of Depression and Anxiety (NESDA), sociodemo-

graphic, sampling and health determinants of salivary cortisol levels were examined. 

Respondents collected seven salivary cortisol samples providing information about 1-h 

awakening cortisol, diurnal slope, evening cortisol and a dexamethasone (0.5 mg) 

suppression test (DST).  

Results 

Higher overall morning cortisol values were found for smokers, physically active persons, 

persons without cardiovascular disease, sampling on a working day or in a month with less 

daylight. In addition, the cortisol awakening response was significantly flattened for males, 

persons with cardiovascular disease, those with late awakening times and those with longer 

sleep duration. Diurnal slope was steeper in men, physically active persons, late awakeners, 

working persons, and season with less daylight. A higher evening cortisol level was 

associated with older age, smoking and season with more daylight. Cortisol suppression 

after dexamethasone ingestion was found to be less pronounced in smokers, less active 

persons and sampling on a weekday. 

Conclusion 

Sociodemographic variables (sex, age), sampling factors (awakening time, working day, 

sampling month, sleep duration) and health indicators (smoking, physical activity, 

cardiovascular disease) were shown to influence different features of salivary cortisol levels. 

Smoking had the most consistent effect on all cortisol variables. These factors should be 

considered in psychoneuroendocrinology research. 
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INTRODUCTION 

The hypothalamic—pituitary—adrenal (HPA) axis is hypothesized to be one of the key 

biological mechanisms underlying several stress-related disorders, including somatic and 

psychiatric.1-6 Three decades ago, new techniques were developed to measure cortisol in 

saliva which provided opportunities for psychoneuroendocrinology research within large 

epidemiological studies.7 Sampling of cortisol in saliva returns the active, unbound form of 

cortisol and is considered to be minimally intrusive on HPA axis regulation. Commonly, the 

cortisol awakening response (CAR) is target of research since it reflects the natural response 

of the HPA axis to awakening,8 usually consisting of a 50—100% increase, peaking around 

30 min after awakening.9 More basal indicators include (‘unchallenged’) cortisol levels during 

the day or evening. The dexamethasone suppression test is considered a measure of the 

negative feedback system of the HPA axis.10 

Although determinants of different salivary cortisol indicators have been described, they 

have not yet been systematically studied within the same study with a large sample size. 

Moreover, studies vary in the extent to which they take other covariates into account when 

examining HPA axis indicators, which might partly explain discrepancies in earlier findings. In 

the literature, there is some indication that sociodemographic indicators, sampling factors as 

well as (somatic) health indicators may all influence salivary cortisol measures. For instance, 

for women most studies reported a higher CAR compared to men,9,11-13 although there are 

exceptions showing no difference in CAR.14,15 In addition, lower11,13 as well as similar daytime 

cortisol levels14 or slope11 in women compared to men have been found. Although older age 

has been associated with a lower CAR independent of awakening time,15 various other 

studies found no age differences in CAR9,12,14,13 or total amount of cortisol secretion during 

the day.14 Lower socioeconomic status (SES) has been found to be related to a higher CAR 

and daytime cortisol in univariable analyses,16-18 but Cohen et al.17 found that this association 

disappeared after considering smoking status in the analysis. Consequently, the absence of 

adjustment for other SES differences, such as smoking status, can contribute to inconsistent 

findings across studies. 

The role of sampling factors has been mostly investigated in relation to the CAR. A higher 

CAR was associated with sampling on working days19,20,21, early awakening,14,15,22 and longer23 

as well as shorter sleep duration,12 however, several studies found no effects on the CAR for 

working day,24 awakening time,9,12,21 or sleep duration.22 Also,  the effect of month of sampling 

on salivary cortisol indicators still remains unclear since some studies reported a higher CAR 

when more light is present,25,26 but Polk et al. did not find a higher CAR in May compared to 

December.13 

Among the health indicators that have been shown to affect salivary cortisol levels are 

good health, which has been linked to higher CAR15 and physical exercise, which has been 



associated with higher daytime cortisol levels after sufficient exercise.7 For smokers, studies 

reported a higher CAR,21,18,27 a slightly attenuated CAR,12 or no difference in CAR.28,14,22 The 

use of alcohol has been associated with a larger CAR29,30 and a flatter diurnal slope,30 but no 

alcohol use and CAR associations have been described as well.21,31 Also Body mass index 

(BMI) was found to be inconsistently associated with lower cortisol levels at 45 min post-

awakening,18 a higher CAR,32 or no association with CAR,21,33,31 evening cortisol or diurnal 

slope.33  

Clearly, there is a need to examine the wide range of potential determinants of salivary 

cortisol together, to ascertain the relative importance of different mechanisms influencing 

salivary cortisol levels. This is also important for future research since it indicates which factors to 

control for when examining certain specific associations with cortisol levels. The present study 

uses detailed information of 491 healthy subjects participating in the Netherlands Study of 

Depression and Anxiety (NESDA) to examine which sociodemographic, sampling and health 

characteristics most importantly affect the main salivary cortisol measures (1-h awakening 

cortisol, diurnal slope, evening level and results on the dexamethasone suppression test). 

 

METHODS 

Study sample  

Data are from the Netherlands Study of Depression and Anxiety, a large cohort study on the 

course of depressive and anxiety disorders in adults (aged 18—65 years). In total, 2981 

respondents were recruited from the community, general practice and specialized mental 

health care. The study sample included persons with psychopathology as well as controls 

without a psychiatric diagnosis. All respondents provided written informed consent before 

participating in the study. For objectives and methods of NESDA see Penninx et al. (2008).34 

Controls (n = 676) were recruited from the community (n = 140) and general practice (n = 

536) and were more often male (38.5 versus 32.2%, p = 0.002), had a higher mean 

education (in years: 12.7 versus 12.0, p < 0.001), were less often sleeping ≤ 6h (16.0 versus 

31.8%, p < 0.001), less often currently smoking (27.5 versus 41.8%, p < 0.001), had a lower 

mean BMI (25.1 versus 25.7, p = 0.01), and were less likely to have a chronic disease (32.5 

versus 41.1%, p < 0.001) compared to the remainder of the NESDA sample (n = 2305), but 

did not differ in age, race, use of alcohol, or level of physical activity. 

To obtain an indication of the main determinants of salivary cortisol variables unbiased by 

potential psychopathology effects, the present study only included controls from the NESDA 

cohort. Controls were defined as having no prior lifetime history of anxiety disorder (panic 

disorder, generalized anxiety disorder, or social phobia) or depressive disorder (major 

depressive disorder (MDD) or dysthymia) as assessed by the DSM-IV Composite Interview 

Diagnostic Instrument (CIDI) (WHO version 2.1). These criteria fitted 676 of all NESDA 



respondents. In addition, we excluded eight subjects taking antidepressants, 12 pregnant or 

breastfeeding women and 29 participants on corticosteroids, leaving an initial 627 subjects. 

 
Cortisol  

At the baseline interview, respondents were instructed to collect saliva samples at home on a 

regular (preferably working) day shortly after the interview. The median time between the 

interview and saliva sampling was 11.0 days (25—75th percentile: 5—25). Instructions 

concerning saliva sampling prohibited eating, smoking, drinking tea or coffee or brushing 

teeth within 15 min before sampling. Furthermore, no dental work 24 h prior to sampling was 

allowed. Saliva samples were obtained using Salivettes (Starstedt, Germany) at seven time-

points covering 1-h awakening cortisol, evening values and a dexamethasone suppression 

test. 1-h awakening cortisol includes four sampling points; at awakening (T1) and 30 (T2), 45 

(T3) and 60 (T4) min after awakening. The two evening values were collected at 2200 h (T5) 

and 2300 h (T6), which are common time-points to sample evening cortisol (e.g.31,35). 

Dexamethasone suppression is measured by cortisol sampling the next morning at 

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

2300h (T6). Respondents were instructed to write down the exact sampling times and time of 

ingestion of dexamethasone, so that non-compliance could be detected. Samples were 

stored in refrigerators and returned by regular mail. After receipt, Salivettes were centrifuged 

at 2000 × g for 10 min, aliquoted and stored at –80°C. Cortisol analysis was performed by 

competitive electrochemiluminescence immunoassay (Roche, Switserland), as described in 

van Aken et al. (2003).36 The functional detection limit was 2.0 nmol/l and the intra-and inter-

assay variability coefficients in the measuring range were less than 10%. Assays were 

repeated if cortisol levels were very high (>80 nmol/l) or very low (<1nmol/l). All very high 

samples remained high and the mean of values was used. In 80% of the very low samples, 

the repeated cortisol value was within the normal range and used for analysis, otherwise the 

mean was used. 

Of the 627 subjects, 491 (78.3%) returned at least one usable salivary cortisol measurement 

(see below); 445 respondents returned all seven samples, 37 provided six samples and nine 

persons returned five samples or less. Responders were older than non-responders (43.0 

versus 33.6 years, p < 0.001), and less often smokers (23.0% versus 44.1%, p < 0.001), but 

did not differ in terms of sex, education, BMI, physical activity level, daily alcohol intake and 

presence of a chronic disease ( p > 0.10).  

Data cleaning was performed by excluding cortisol values higher than two standard 

deviations from the mean (ranged 60.4—95.1 nmol/l for T1—T4, above 39.8 nmol/l for T5 

and above 30.8 nmol/l for T6, and above 36.3 nmol/l for T7), designating 40 cortisol values 



(out of 3374 samples) as missing. This procedure left 416 respondents with all seven 

samples, 57 with six samples and 18 persons with five samples or less (n = 491). 

Four cortisol indicators were used; 1-h awakening cortisol, diurnal slope, evening cortisol 

and the dexamethasone suppression test. 

 

One-hour awakening cortisol 

In addition to conducting Linear Mixed Models analyses (see Section 2.4) using the four 

saliva samples taken within 1 h after awakening, we also calculated the area under the curve 

with respect to the increase (AUCi) and with respect to the ground (AUCg) using the 

formulas described by Pruessner et al. (2003).37 The AUCg is an estimate of the total cortisol 

secretion over the first hour after awakening, and the AUCi is a measure of the dynamic of 

the cortisol awakening response, more related to the sensitivity of the system, emphasizing 

changes over time.38,39,37,40. Additionally, the mean increase (MnInc) was computed according 

to Wust et al. (2000b)12 by subtracting the baseline cortisol value from the mean of the other 

three morning cortisol values. However, since the correlation between the AUCi and MnInc 

was extremely high (r = 0.99) only results on AUCi were reported. If samples were collected 

outside of a 5min margin around the time protocol, values were assigned missing. Mixed 

models analyses included all persons with at least two valid CAR cortisol values (n = 468), 

since missing values can be interpolated.41 For AUC calculations all four morning samples 

were required (n = 418). 

 
Diurnal slope and evening cortisol 

Diurnal slope was calculated by subtracting the value at 2300 h (T6) from the sample at 

awakening (T1) and dividing it by the number of hours in between the two samples, resulting 

in the decline in cortisol level per hour.42 Since the correlation between the two evening 

values was high (r = 0.62), the mean of the two values was used for analyses to reflect 

evening cortisol.  

 

Dexamethasone suppression test (DST)  

455 of the 466 subjects with cortisol sample T7 (97.6%) had taken the 0.5 mg dexamethasone 

after 2300 h on the first sampling day. In addition to post-dexamethasone cortisol level (T7), 

we used a cortisol suppression ratio calculated by cortisol value at awakening on the first day 

(T1) divided by cortisol value at awakening the next day (T7) after ingestion of 0.5 mg 

dexamethasone the evening before. In addition, to select non-suppressors more clearly, we 

used a dichotomized indicator by regarding a ratio T1/T7-value below 0.18 (one SD below 

the mean using the log-transformed values, this corresponds with a ratio of 1.58 without log-

transformation) as a non-suppressor.  



In sum, 491 persons were available for analyses with either 1-h awakening values (n = 468), 

diurnal slope (n = 468), evening value (n = 486) and/or DST (n = 455) and constitute the study 

sample.  

 

Sociodemographic, health and sampling factors  

Based on previous studies (for review see Clow et al., 2004),43 various potential determinants of 

salivary cortisol levels were included and grouped into: sociodemographic indicators, health 

indicators, and sampling factors.  

 

Sociodemographics  

These included sex, age, and educational level (years of attained education).  

 

Health indicators  

Smoking status was categorized into current smoker or no smoker. Alcohol consumption was 

expressed as number of units of alcohol per day. Physical activity was assessed using the 

International Physical Activity Questionnaire44 and expressed per 1000 MET-min a week.  

A MET-minute is defined as the Metabolic Equivalent of the number of calories consumed by a 

person (of 60 kg) per minute in an activity relative to the basal metabolic rate (www.ipaq.ki.se). 

BMI was calculated as weight divided by length2. Respondents were asked about the number 

of days with pain in the past six months. Cardiovascular disease and diabetes mellitus were 

ascertained using an algorithm based on self-report data and medication use. Another common 

self-reported condition included lung disease and/or allergy. Other, less commonly present, 

chronic conditions were grouped in an ‘other disease’ indicator consisting of thyroid gland 

disease, rheumatoid arthritis, intestinal and liver disease. To be regarded present, medical care 

(either medication or medical attention) needed to be received for the condition. 

For subgroup analyses in women, information on the use of oral contraceptives and on 

menstrual phase was obtained. Duration of menstruation cycle and the number of days since 

last menstruation were used to calculate phase of menstrual cycle at time of saliva sampling 

for women reporting a menstruation cycle between 28 and 32 days (0—3 days of the cycle 

was regarded menstrual phase, 4—13 days follicular phase, and 14—32 days luteal phase, 

similar to Gasbarri et al., 2008).45  

 
Sampling factors  

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

date information was used to categorize weekday versus weekend day and season, which 

was categorized into dark months (October through February) and months with more daylight 

(March through September). Average sleep duration during the last four weeks was assessed 

http://www.ipaq.ki.se/


using the Insomnia Rating Scale46 and dichotomized into sleeping more or less than 6 h a 

night.  

 
Statistical analyses  

AUCs showed normal distributions which allowed data analyses with non-transformed 

values. Diurnal slope showed a normal distribution after truncating values at the 98th per-

centile. The 1-h awakening cortisol, evening cortisol and DST measures were slightly 

skewed and therefore log-transformed for analyses. Back-transformed values were used in 

Table 1 and the figures. To analyze 1-h awakening cortisol, linear regression analyses were 

conducted with the AUCi and AUCg as outcomes.In addition, random coefficient analysis of 

the four morning cortisol data points was performed using Linear Mixed Models. In contrast 

with an AUC approach, random coefficient analysis keeps original values on all four data 

points, can accommodate for incomplete cases, and takes into account that repeated data 

are correlated within persons.41 The model included a random intercept, taking into account 

different intercepts for different subjects, and all sociodemographic, sampling and health 

determinants were entered in the model as fixed factors. To examine whether a certain factor 

influenced the course of cortisol levels after awakening we added a factor by time interaction 

term. 

Determinants of diurnal slope, evening cortisol levels and of cortisol suppression after 

dexamethasone ingestion were determined using linear regression analysis. Logistic 

regression analysis was performed to examine the determinants of the dichotomous DST 

non-suppression indicator. In order to check whether results were influenced by remaining 

somatic health conditions, additional sensitivity analyses were performed in persons without 

any chronic disease or use of medication. For all analyses, the models contained all 

covariates, and a p-value of 0.05 was regarded as statistically significant. All analyses were 

conducted using SPSS version 15.0.  

 
RESULTS 

Characteristics of the 491 respondents are presented in Table 1. Their mean age was 43.0 years 

(SD = 14.7, range 18—65) and 59.5% was female. Fig. 1 shows the unadjusted mean salivary 

cortisol levels with standard deviations during the sampling day. Mean (back-transformed) 

salivary cortisol levels ranged from 15.3 nmol/l (SD = 1.5) on T1, to 17.8 nmol/l (SD = 1.5) on 

T2, to 16.5 (SD = 1.6) nmol/l on T3, to 14.6 (SD = 1.6) nmol/l on T4. Mean evening levels were 

4.3 nmol/l on T5 and T6. Mean cortisol decline (diurnal slope) was 0.74 nmol/l/h (SD = 0.40). 

Mean (back-transformed) post-dexamethasone cortisol level was 6.0 nmol/l (SD = 1.6), 

cortisol suppression ratio (saliva T1/saliva T7) was 2.5 (SD = 1.7), and the percentage non-

suppressors (T1/T7 ≤ 0.18, log-transformed) was 13.6. Intercorrelations between various  



Table 1 Sample characteristics. 

 
 

n = 491 

  

Sociodemographics   

% Female  59.5 

Age (mean in years, SD) 43.0 (14.7) 

Educational level (mean in years, SD)  12.9 (3.2) 

Health indicators   

% Smoking  23.0 

Daily alcohol consumption (mean in number of units, SD) 1.2 (1.4) 

Physical activity (mean in 1000 MET-min a week, SD) 3.9 (3.1) 

Body mass index (mean in kg/m
2
, SD)  25.1 (4.5) 

Pain (mean in pain days  54.8 (64.7) 

last six months, SD)   

-% Cardiovascular disease  4.5 

-% Diabetes  4.3 

-% Allergy/lung disease  14.1 

-% Other chronic disease  10.0 

% Use of medication  34.0 

Sampling factors   

Time of awakening (mean, SD) 0720 h (0108 h) 

% Working on day of sampling  64.9 

% Sampling on a weekday  91.4 

% Sampling in month with more daylight 51.8 

% ≤ 6 h of sleep            15.8 

Saliva cortisol levels   

Morning cortisol:   

-AUCg (mean in nmol/l/h, SD)  18.1 (6.3) 

-AUCi (mean in nmol/l/h, SD)  1.5 (6.2) 

Mean evening level (mean in nmol/l, SD)  4.3 (1.7) 

Diurnal slope (mean decline in nmol/l/h, SD) 0.74 (0.40) 

Dexamethasone suppression test:   

-Cortisol at awakening, post-dexamethasone (mean in nmol/l, SD) 6.0 (1.6) 

-Cortisol suppression ratio (mean, SD)
a 

 2.5 (1.7) 

-% Non-suppression
b 

 13.6 

 

Abbreviations: SD = standard deviation; MET = metabolic energy turnover; AUCg = area under the morning curve 
with respect to the ground (=(((T1 + T2)/2)*0.5) + (((T2 + T3)/2)*0.25) + (((T3 + T4)/2)*0.25)), AUCi = area under 
the morning curve with respect to the increase = (((T1 + T2)/2)*0.5) + (((T2 + T3)/2)*0.25) + (((T3 + T4)/2)*0.25)) = 
(T1*(0.5 + 0.25 + 0.25)).

37 

a 

Cortisol suppression ratio = cortisol T1/cortisol T7 
b
 Non-suppressor = log cortisol suppression ratio ≤ 0.18. 

 
 

cortisol indicators illustrated significant correlations (r > 0.4, p < 0.01) for T7 and the cortisol 

suppression ratio (r = –0.66), diurnal slope and AUCi (r = –0.62), diurnal slope and cortisol 

suppression ratio (r = 0.53), evening cortisol and T7 (r = 0.51) and diurnal slope and AUCg  

(r = 0.47).  



 
 
Figure1 Mean salivary cortisol levels for the total study sample (n = 491) with samples at awakening (T1), 30 

(T2), 45 (T3) and 60 (T4) minlater, at 2200 h (T5), at 2300 h (T6) and the next morning after 0.5mg 
dexamethasone ingestion (T7). Error bars illustrate standard deviations.  

 

One-hour awakening cortisol 

The average AUCi and AUCg were 1.5 nmol/l/h (SD = 6.2) and 18.1 nmol/l/h (SD = 6.3), 

respectively. 69.2% of respondents showed a rise in cortisol levels in the first hour after 

awakening (mean of 8.8 nmol/l or 71.2%). The correlation between AUCg and the first 

cortisol value after awakening (T1) was 0.59 (p < 0.001) and for T1 and AUCi it was –0.57  

(p < 0.001), indicating a higher total cortisol secretion and a lower increase after awakening 

for subjects with higher cortisol levels at awakening.  

Table 2 shows results of the regression analyses for AUCi and AUCg and Linear Mixed 

Models (LMM) results for the four morning samples. With respect to the 1-h awakening 

cortisol, two elements can be distinguished. First, a direct effect on overall morning cortisol 

values is indicated by a larger AUCg and/or a significant (direct) effect for a factor in LMM 

analyses. Second, a difference in the course over time (or the shape of the CAR) can be 

found, reflected by a difference in AUCi and/or a significant interaction between factor by 

time in the LMM analyses.  

Direct effects in LMM analyses and a confirmatory effect on the AUCg were found for 

smoking, physical activity, cardiovascular disease, working, and sampling in a month with 

more daylight with higher cortisol levels in smokers (AUCg: β = 0.13, p = 0.01, R2 = 0.015, LMM: 

F = 8.86, p = 0.003), in more active persons (AUCg: β = 0.13, p = 0.009, R2= 0.017, LMM: 

F = 9.05, p = 0.003), persons without cardiovascular disease (AUCg: β = –0.13, p = 0.02,  

R2 = 0.014, LMM: F = 3.48, p = 0.06), working on the day of sampling (AUCg: β = 0.14,  

p = 0.01, R2 = 0.016, LMM: F = 3.37, p = 0.07), or sampling in a month with less daylight 

(AUCg: β = –0.13, p = 0.01, R2= 0.017, LMM: F = 7.78, p = 0.006).  

 



Table 2 Results of multivariable analyses associating characteristics with 1-h awakening cortisol, 

standardized regression coefficients (β), F-statistics and p-values.  

                                               AUCg (N = 418) AUCi (N = 418)  Linear Mixed Models (N = 468)  

                                                                  β p  β  p  Direct effect  Time interaction  

  F  p  F  p  

Sociodemographics    
Sex (0 = male, 1 = female)    0.04  0.50    0.12  0.03  1.36  0.24  5.69    0.001 

Age (in years)    0.07  0.21  –0.08  0.17  1.93  0.17  2.47  0.06 

Educational level (in years)  –0.02  0.77  –0.08  0.16  0.83  0.36  1.07  0.36 

Health indicators     
Smoking (0 = no, 1 = yes)    0.13  0.01    0.08  0.11  8.86    0.003  3.21  0.02 

Daily alcohol intake (in units)    0.06  0.24    0.06  0.26  0.02  0.89  1.22  0.30 

Physical activity (1000 MET-min/week)    0.13   0.009  –0.11  0.03  9.05    0.003  0.53  0.66 
Body mass index (in kg/m2)  –0.02 0.68    0.02 0.77  0.27  0.60  0.61  0.61 

Number of pain days (in days)    0.05  0.36  –0.04 0.53  0.40  0.53  0.65  0.58 

Cardiovascular disease (0 = no, 1 = yes)  –0.13 0.02  –0.12  0.02  3.48  0.06  3.62  0.01 

Diabetes (0 = no, 1 = yes)  –0.03 0.54    0.07  0.22  0.36  0.55  1.90  0.13 

Allergy/lung disease (0 = no, 1 = yes)     0.003  0.94    0.02  0.73  0.01  0.92  0.74  0.53 

Other disease (0 = no, 1 = yes)   0.06  0.24  –0.01  0.86  1.27  0.26  0.02    0.997 

Sampling factors     
Time of awakening (in hours)  –0.05  0.35  –0.10  0.07  2.06  0.15  6.72  <0.001 

Working (0= no, 1 = yes)    0.14  0.01    0.02  0.77  3.37  0.07  0.91  0.44 

Weekday (0= no, 1 = yes)  –0.05  0.35    0.08  0.13  0.10  0.76  1.76  0.15 

More daylight (0 = no, 1 = yes)  –0.13 0.01    0.01  0.91  7.78    0.006  0.52  0.67 

≤ 6 h sleep (0= no, 1 = yes)    0.01  0.90    0.12  0.02  0.55  0.46  2.16  0.09 
 

Abbreviations: AUCg = area under the morning curve with respect to the ground; AUCi = area under the morning 

curve with respect to the increase; MET = metabolic energy turnover.  

 
Consistent effects on the CAR, resulting in differences in the AUCi as well as interaction 

with time (p < 0.10) in the LMM analyses were found for sex, cardiovascular disease, time of 

awakening and sleep duration. To facilitate the interpretation of the interaction with time, 

figures were created for these variables (see Fig. 2). The cortisol response was more 

pronounced in women than in men (Fig. 2a) resulting in a larger AUCi (β = 0.12, p = 0.03,  

R2
 

= 0.013). Fig. 2b illustrates the flatter CAR for persons with cardiovascular disease (AUCi: 

β = –0.12, p = 0.02, R2
 

= 0.013). Waking up later was related to a smaller AUCi (β = –0.10,  

p = 0.07, R2 = 0.008). Fig. 2c illustrates the CAR for those waking up before 0700 h (n = 

151), those waking up between 0700 and 0800 h (n = 196), and those waking up after 

0800 h (n = 121). Early awakeners showed the greatest increase, while late awakeners 

showed the lowest cortisol values (Fig. 2c). Regarding sleep duration, the CAR was more  

pronounced for those sleeping 6 h or less (AUCi: β = 0.12, p = 0.02, R2  = 0.013) (Fig. 2d). 

The explained variance of the total model of the CAR was 0.097 for the AUCg and 0.083 for 

the AUCi. 

 

  



 
 

Figure 2 Adjusted mean cortisol levels of the CAR for sex, CVD, awakening time and sleep duration. Means are 

adjusted for all the other investigated factors. Error bars represent standard errors.  
*p-value <0.05, i.e. for awakening time: both earlier groups significantly higher than late awakeners.  

 
 

Table 3 Results of multivariable analyses associating descriptive characteristics with diurnal slope and 

evening cortisol, standardized regression coefficients (β) and p-values.  

                                                                             Diurnal slope (N = 428)       Evening cortisol (N = 486)  

                                                                         β p  β  P 

Sociodemographics 
Sex (0 = male, 1 = female) 
Age (in years) 
Educational level (in years)  

–0.11 
  0.07 
  0.05 

0.04 
0.22 
0.36 

  0.06 
  0.18 
  0.03 

 0.20 
 <0.001 

 0.57 

Health indicators    

Smoking (0 = no, 1 = yes)  
Daily alcohol intake (in units)  
Physical activity (1000 MET-min/week)  
Body mass index (in kg/m2)  
Number of pain days (in days)  
Cardiovascular disease (0 = no, 1 = yes)  
Diabetes (0 = no, 1 = yes)  
Allergy/lung disease (0 = no, 1 = yes)  
Other disease (0 = no, 1 = yes)  

–0.05  
–0.02  
  0.16  
–0.03  
  0.07  
–0.02  
–0.01  
–0.06  
  0.03  

0.37 
0.66 

  0.001 
0.57 
0.25 
0.71 
0.79 
0.24 
0.49 

  0.27  
  –0.001  
  0.06  
  0.07  

    0.000  
  –0.007  
   0.004  
  –0.009  
–0.01  

<0.001 
 0.98 
 0.19 
 0.17 

   0.996 
 0.87 
 0.94 
 0.84 
 0.77 

Sampling factors  
Time of awakening (in hours)  
Working (0 = no, 1 = yes)  
Weekday (0 = no, 1 = yes)  
More daylight (0 = no, 1 = yes)  
≤ 6 h sleep (0 = no, 1 = yes)  

 
 

  0.16 
  0.10 
–0.07 
–0.09 
–0.09 

 
 

  0.003 
0.07 
0.16 
0.08 
0.07 

 
 

  –0.005 
–0.01 
–0.02 
–0.09 
  0.03 

 
 

0.92 
0.80 
0.75 
0.05 
0.58 

Abbreviations: MET = metabolic energy turnover.  

 
 
 



Diurnal slope 

Steeper cortisol decline during the day, expressed as an increased diurnal slope was found 

for men (β = –0.11, p = 0.04, R2 = 0.010), and physically active persons (β = 0.16, p = 0.001, R2
 

= 0.026), as well as sampling factors; a significant effect for late awakening (β = 0.16,  

p = 0.003, R2 = 0.021) and trends for season with less daylight (β = –0.09, p = 0.08, R2= 

0.008), longer sleep duration (β = –0.09, p = 0.07, R2
 

= 0.008) and sampling on a working 

day (β = 0.10, p = 0.07, R2
 

= 0.008). The explained variance of the total model was 0.080.  

 

Evening cortisol 

Older age (β = 0.18, p < 0.001, R2 = 0.027), smoking (β = 0.27, p < 0.001, R2 = 0.073) and 

less daylight (β = –0.09, p = 0.05, R2
 

= 0.009) were associated with higher evening cortisol 

levels (see Table 3). Of these, smoking seemed to have the greatest impact explaining the 

largest part of the variance, since the explained variance of the total model was 0.127.  

 
Dexamethasone suppression test 

Table 4 shows the results of linear regression analyses using post-dexamethasone cortisol 

level and the cortisol suppression ratio (T1/T7) as outcomes. Less cortisol suppression as 

indicated by a higher post-dexamethasone cortisol level as well as a smaller ratio was found 

for men (T7: β = –0.13, p = 0.006, R2
 

= 0.017, ratio: β = 0.09, p = 0.07, R2
 

= 0.008), and 

smokers (T7: β = 0.22, p < 0.001, R2 = 0.048, ratio: β = –0.13, p = 0.006, R2 = 0.017). 

Additional determinants of less cortisol suppression as indicated by a higher post-

dexamethasone cortisol level were: older age (β = 0.17, p = 0.002, R2
 

= 0.022) and less 

daylight (β = –0.11, p = 0.03, R2 = 0.012). The explained variance of the total model was 

0.136. Additional factors associated with a smaller ratio, indicating less cortisol suppression 

after dexamethasone ingestion, were: less physical activity (β = 0.11, p = 0.03, R2 = 0.012) 

and sampling on a weekday (β = –0.13, p = 0.01, R2
 

= 0.016). The explained variance of the 

total model was 0.083. When using the dichotomous suppression indicator (T1/T7 ≤ 0.18, 

log-transformed, corresponding with 1.58) none of the associations could be confirmed.  

 
Additional analyses 

Subgroup ANCOVA analyses adjusted for the main covariates, were conducted among five 

groups of women; women with out a menstruation cycle (n = 112), women using oral contra-

ceptives (n = 83), women in the menstrual phase (n = 11), in the follicular phase (n = 22), 

and women in the luteal phase of their menstruation cycle (n = 32). No significant overall 

differences were found between groups (AUCg: p = 0.40, AUCi: p = 0.94, diurnal slope: p = 

0.73, evening level: p = 0.82, T7/T1 ratio: p = 0.25, T7: p = 0.07). 

 



Table 4 Results of multivariable analyses associating descriptive characteristics with cortisol suppression 

after 0.5 mg dexamethasone ingestion, standardized regression coefficients (β) and p-values.  

                                                                   Cortisol T7, post-dex  
(N = 455) 

Cortisol suppression ratio  
(N = 448)a

 

                                                                    β p Β P 

Sociodemographics  
Sex (0 = male, 1 = female)  
Age (in years)  
Educational level (in years)  

–0.13 
 0.17 
 0.07 

  0.006 
  0.002 
  0.13 

  0.09 
–0.05 
–0.02 

0.07 
0.33 
0.73 

Health indicators    
Smoking (0 = no, 1 = yes)  
Daily alcohol intake (in units)  
Physical activity (1000 MET-min/week)  
Body mass index (in kg/m2)  
Number of pain days (in days)  
Cardiovascular disease (0 = no, 1 = yes)  
Diabetes (0 = no, 1 = yes)  
Allergy/lung disease (0 = no, 1 = yes)  
Other disease (0 = no, 1 = yes)  

  0.22 
–0.03 
  0.04 
  0.08 
–0.02 
–0.03 

    0.003 
–0.05 
–0.07 

<0.001 
  0.60 
  0.45 
  0.10 
  0.76 
  0.52 
  0.95 
  0.29 
  0.13 

–0.13 
–0.01 
  0.11 
–0.08 
  0.04 
  0.05 
–0.07 
  0.004 
  0.09 

0.006 
0.77 
0.03 
0.10 
0.47 
0.33 
0.15 
0.93 
0.07 

Sampling factors  
Time of awakening (in hours)  
Working (0 = no, 1 = yes)  
Weekday (0 = no, 1 = yes)  
More daylight (0 = no, 1 = yes)  
≤ 6 h sleep (0 = no, 1 = yes)  

 
–0.05 
–0.03 
  0.07 
–0.11 
–0.07 

 
  0.28 
  0.55 
  0.16 
  0.03 
  0.16 

 
  0.02 
  0.04 
–0.13 
  0.01 
–0.03 

 
0.77 
0.38 
0.01 
0.88 
0.48 

 

Abbreviations: MET = metabolic energy turnover  
a 

Cortisol suppression ratio = cortisol T1/cortisol T7.  

 

In order to check whether results were influenced by remaining differences in somatic 

health, we conducted sensitivity analyses for which we excluded all persons with a chronic 

condition or with any use of medication (remaining n = 250). In general, results were very 

similar and confirmed earlier effects for sex, smoking, physical activity, time of awakening, 

working, more daylight and sleep duration on 1-h awakening cortisol, physical activity, and 

sampling factors on diurnal slope, smoking on evening cortisol, sex, age and smoking on 

post-dexamethasone cortisol levels, and smoking and physical activity on the cortisol 

suppression ratio. The only exceptions were significant additional findings for an association 

between higher education (β = –0.15, p = 0.04, LMM: interaction with time: p = 0.05) as well 

as more days in pain (β = –0.21, p = 0.009, LMM: interaction with time: p = 0.02) with a flatter 

CAR. In addition, older age (β = 0.16, p = 0.04) and more days in pain (β = 0.16, p = 0.05) now 

just became significantly associated with steeper cortisol diurnal decline. Concerning the 

DST, persons experiencing less days in pain had now significantly less cortisol suppression 

when using the cortisol suppression ratio (β = 0.16, p = 0.05). In sum, most effects remained 

similar in somatically healthy persons, but in these subgroup analyses we did find that number of 

days in pain was associated with several cortisol indicators (CAR, diurnal slope, DST).  

 
 
 



DISCUSSION 

The present study examined the main determinants of different salivary cortisol variables in a 

cohort without psychopathology. Sex, smoking, physical activity, and months with daylight 

were found to be the most consistent determinants of salivary cortisol indicators. Women 

showed an increased CAR, flatter diurnal slope, and more cortisol suppression after 

dexamethasone. Smoking was associated with higher morning and evening cortisol and less 

cortisol suppression. Physically active persons had higher morning cortisol levels, a steeper 

diurnal slope, and showed more cortisol suppression. Less daylight was associated with 

higher morning and evening cortisol, flatter diurnal slope and less cortisol suppression after 

dexamethasone ingestion. In addition, older age was related to higher evening and post-

dexamethasone cortisol levels, and cardiovascular disease with lower 1-h awakening cortisol 

and CAR. Finally, several sampling factors were significant determinants of especially 1-h 

awakening cortisol and diurnal slope: early awakening and less sleep were associated with a 

higher CAR and flatter diurnal slope, and working on the sampling day with higher overall 

morning cortisol and a steeper diurnal slope. 

 
Salivary cortisol measures 

The CAR is supposed to represent the dynamic of the HPA axis. Therefore, it is not 

surprising that of all cortisol measures, most determinants were found for the CAR. Even 

though its determinants were largely in accordance to the literature, 1-h awakening cortisol in 

our study was lower compared to those found in other studies (e.g.12,47), which could be 

reflective of differences in cortisol assays used, or to non-compliance.15 Evening cortisol is 

supposed to represent basal cortisol levels and the ability to return to normal levels after the 

CAR. Mean salivary cortisol level at 2200 h in 48 participants in a study from Ice48 was 3.9 

nmol/l (SD = 2.6), similar to our evening cortisol of 4.3 nmol/l. Cortisol non-suppression after 

dexamethasone ingestion assesses the dysregulation of the negative feedback system of the 

HPA axis. The mean cortisol suppression ratio of 2.5 found in our study equals a percentage 

suppression of 60.0. Using 0.5 mg dexamethasone, Lipschitz et al.49 found a suppression of 

79% in 19 healthy non-traumatized controls. There is no consensus on how to measure non-

suppression on a dexamethasone suppression test in saliva, most studies use rather 

arbitrary cut off values.50,51 We had only a small number of persons with clear non-

suppression and not many determinants influenced dexamethasone suppression effects. The 

latter may illustrate that the DST response may be mainly an endogenously determined 

feature. 

In accordance with previous studies,9,12 the explained variances of cortisol levels were 

rather small. However, since the HPA axis is a responsive system that reacts to various 

internal and external stimuli, it may not be very likely to explain a much larger amount of the 



variance in cortisol values by health, lifestyle and sampling characteristics. In addition, the 

CAR has shown to be determined in part by genetic factors.52,53  

 
Sociodemographic factors 

In accordance with several studies, our study indicates that men had a flatter CAR than 

women.9,11,12,13 It has been hypothesized that differences in HPA axis activity between men 

and women are driven by estrogen, which appears to affect HPA axis activity on multiple 

levels, including pituitary responsiveness to CRH and suprapituitary levels.54,55 We also found 

a flatter diurnal slope, and less cortisol suppression after dexamethasone for women. In 

addition, older age was associated with increased evening levels and post-dexamethasone 

cortisol levels, but no consistent age associations with CAR or diurnal levels were observed. 

The latter is in contrast with findings from Ice48 and Kudielka and Kirschbaum,15 but could be 

due to the fact that other studies did not adjust as rigorously for other covariates in their 

studies. Education, as measured in years of attained education, was not associated with any 

of the cortisol indicators. In contrast, several previous studies did report an effect of 

socioeconomic status on the CAR, or daytime cortisol.16,17,18 However, Kunz-Ebrecht et al. 

only found an effect when taking job demands into account and the other studies reported 

their findings diminished after observing smoking status in their analyses. However, we could 

not find a clear association with education even in unadjusted analyses. Another explanation 

for differences with previous studies might be that the gradients in socioeconomic status 

were larger in other studies.  

 
Sampling factors 

Sampling characteristics appeared important determinants of 1-h awakening cortisol and 

diurnal slope. The CAR was flatter for persons waking up later, which has also been reported 

in previous studies.14,15,22 In addition, diurnal slope was steeper for late awakeners. Whether 

the effect of awakening time is a state rather than a trait factor remains unclear. Kudielka  

et al. reported an effect of chronotype, with a higher CAR for ‘early birds’ and lower for ‘night 

owls’, suggestive of a trait-like factor.56 On the other hand, Polk et al.13 showed that usual 

wake up time was not related to cortisol awakening response when persons were woken up 

at the same time. In addition, Stalder et al. reported an effect of awakening time when 

measuring salivary cortisol levels in one person on 50 measurement days.57 The latter 

studies suggest that the effect of awakening time might represent a state factor. Either way, 

timing of saliva sampling in the morning is crucial and should be registered and considered 

as a covariate. 

In line with other studies21 we found that, independent of awakening time, sampling on a 

working day increases overall awakening cortisol and diurnal decline. It has been suggested 



that working likely increases morning cortisol through anticipatory stress before going to 

work.19,20,21 Although it has been described that higher cortisol levels were associated with 

longer sleep duration23, in line with Wust et al.12 we found a higher CAR for persons sleeping 

6 h or less.  

Collection of saliva in months with more daylight influenced almost all cortisol indicators. 

We showed higher morning and evening cortisol levels, a flatter diurnal slope and lower post-

dexamethasone cortisol levels when sampled in a month with less daylight. Although the 

exact effect of season is not well understood, daylight is known to result in stimulation of the 

suprachiasmatic nucleus, which, in turn, inhibits the HPA axis and could cause higher cortisol 

levels on days with less daylight. It could also be that waking up during winter season is 

generally conceived by a person’s body as a higher stressor than waking up in summer 

months, resulting in relatively high cortisol levels.  

 

Health indicators 

Generally, smoking showed the largest effect sizes (as indicated by high standardized beta 

coefficients and explained variances) for the various salivary cortisol indicators, illustrating that 

smoking is the most important of these determinants. Smoking was associated with both 

increased morning and evening cortisol, indicating hyperactivity of the HPA axis. In addition, 

smoking was associated with less dexamethasone suppression. Moreover, the effect of 

smoking on increased HPA axis function has been confirmed before.27 Nicotine is a potent 

stimulator of the HPA axis through induction of CRH release after binding to cholinergic 

receptors in the locus coeruleus and hypothalamus.58  

Physical activity was associated with higher morning cortisol, as well as a steeper diurnal 

slope and a higher cortisol suppression ratio. The effect of physical activity on basal cortisol 

levels is not well understood, however, a direct stimulatory effect of exercise on cortisol levels 

is known,7 although this activation is less in trained compared to untrained sportsmen.59 Our 

findings, however, concern more regular physical activity levels, which are likely partly 

reflecting overall physical fitness. In addition, we found a negative association between 

cardiovascular disease and 1-h awakening cortisol levels. This finding is in contrast with 

studies reporting higher daytime cortisol levels3 or morning cortisol levels60 for cardiovascular 

disease, but in line with other studies reporting lower morning cortisol levels to be associated 

with anthropometric, heamodynamic and metabolic cardiovascular risk factors,61 intima media 

thickness,62 systemic hypertension,63 and cardiovascular disease.15 Rosmond and Björntop 

hypothesized that a pathological HPA axis as characterized by low morning cortisol, low 

variability and blunted cortisol suppression after dexamethasone ingestion is important for 

development of atherosclerosis and ischemic heart disease. Our finding could also be a 

chance finding or could reflect underlying medication effects or frailty,65 that may have resulted 



in reduced HPA axis activity. Finally, in our sensitivity analyses among the somatically 

healthiest subsample, we did find associations for more pain with a flatter CAR and steeper 

diurnal slope. This could be a chance finding due to the small sample size of this subsample, 

or could indicate a real effect that had been obscured in the larger sample in which somatic 

conditions may have covered additional pain effects.  

We found no association with salivary cortisol levels for the other investigated health 

indicators; alcohol use, BMI, diabetes, allergy or lung disease, other diseases, as well as 

menstrual phase and the use of oral contraceptives. This is in line with the absence of findings 

for health problems, alcohol, and BMI for CAR and evening cortisol levels,31 and for 

menstrual phase and oral contraceptives on CAR.12,15  

However, some studies did find an effect of BMI18 or alcohol.30 One possible explanation 

of differences with previous studies could be due to our large range of covariates when 

examining the BMI association with cortisol indicators. For example, in our unadjusted 

analyses BMI was associated with evening cortisol levels, but after adjustment for especially 

age this effect became non-significant. In addition, the range of BMI in our study was limited 

and therefore may not be comparable to for instance US samples. Also, it should be noted 

that associations were more pronounced for central adiposity and cortisol, not necessarily 

reflected by a higher BMI.33  

Strong aspects of our study are that we were able to analyze a rather comprehensive set 

of determinants on different cortisol measures in a large sample without potential bias 

through psychopathology. There are, however, some limitations to be recognized. First, 

when relying upon saliva sampling in an ambulatory setting, compliance with the sampling 

instructions is essential. This is true especially for the CAR, where non-compliance with the 

sampling instructions can result in measurement error which may contribute to the fact that 

quite some persons (30%) did not at all demonstrate a rise in cortisol levels in the first hour 

after awakening. Indeed, Kudielka et al. observed a flattened CAR in non-compliant persons 

when they were electronically monitored.64 It however was logistically and financially 

impossible to electronically monitor compliance in this study. However, it should be noted that 

even when closely monitoring awakening, still at least 15% of all persons are not responding 

with a cortisol rise.66 Also for dexamethasone, it is impossible to guarantee ingestion by all 

persons. Therefore, we measured dexamethasone levels with a radioimmunoassay using the 

anti-dexamethasone antibody from IgG Corporation (Nashville, TN, functional detection limit is 

0.4 nmol/l and reported cross-reactivity for cortisol is 0.04%).67 Among 47 respondents with a 

T1/T7 ratio <1.5 (indicative of non-suppression) who reported dexamethasone ingestion, we 

found detectable dexamethasone levels (>0.4 nmol/l) in the T7 saliva samples among 90%, 

indicating that non-compliance with dexamethasone ingestion is not likely to be frequent. 

Finally, it has been examined that multiple days of sampling are necessary to reliably 



measure salivary cortisol levels, especially directly after awakening,68 but this was not an 

option in our large-scale study. However, these limitations regarding reliability of individual 

measures are likely to be compensated by the large sample size in this study.  

To conclude, several sociodemographic factors, sampling factors and health indicators 

showed to be associated with salivary cortisol levels, of which especially smoking, but also 

sex, physical activity, and sampling factors were the most important. These identified factors 

should be taken into account in studies that examine HPA axis function using salivary cortisol 

measures.  
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