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Association of generalized 
and central obesity with serum 
and salivary cortisol secretion 
patterns in the elderly: findings 
from the cross sectional KoRA‑Age 
study
Karl‑Heinz Ladwig1,2,3*, Sonja Charlotte Schriever2,4, Seryan Atasoy1,2,3,6, 
Martin Bidlingmaier5, Johannes Kruse2,6 & Hamimatunnisa Johar1,2,6

The study aimed to examine the sex specific association of obesity with cortisol metabolism in a 
sample of older community dwelling people. The cross-sectional analysis included 394 men and 
375 women (aged 65–90 years) of the population-based KORA-Age study. Multivariable regression 
analyses were employed to examine the association between cortisol samples (serum and salivary 
samples of morning after awakening (M1), 30 min later (M2) and at late night (LNSC)). Obesity was 
calculated as waist-to-hip ratio (WHR) and body mass index (BMI). Cortisol levels were not significantly 
different between obesity measures except for elevated serum cortisol (P = 0.02) levels in individuals 
with a low WHR. Higher M1 levels were especially apparent in women with normal BMI. Serum 
cortisol levels were inversely related to WHR (P = 0.004) and CAR AUc  was inversely associated with BMi 
(P = 0.007). Sex-stratified analytic models revealed that both obesity measures showed a non-linear 
association with cortisol diurnal pattern (M1/LNSC) in men. Impaired cortisol patterns emerged at 
both very ends of the body weight distribution. These findings do not support a cortisol driven obesity 
etiology in an older population and even point to an inverse association of body weight with cortisol 
levels. Differences of cortisol secretion patterns in generalized and abdominal fat distribution were 
marginal.

Cortisol contributes to the metabolic requirements of a fight or flight reaction by stimulating glycolysis and 
 lipolysis1. The lipolytic potential of cortisol is based on direct effects in adipocytes and indirectly by amplifying 
the lipolytic potential of growth hormones (GHs)—mechanisms, which have the potential to influence weight 
 loss2. Contrariwise, clinical observations demonstrate the involvement of sustained cortisol treatment in weight 
gain through accumulation of fat cells and the differentiation of adipocyte precursor cells into mature  adipocytes3. 
Here, cortisol counteracts the glucoregulatory effects of insulin via induction of hepatic gluconeogenesis and 
inhibition of the peripheral uptake of  glucose1.

In cortisol treated rodents, acute hypersecretion of cortisol stimulates lipolysis while chronic cortisol eleva-
tion negatively impacts insulin sensitivity and energy metabolism and thus leads to increased visceral adiposity, 
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elevated free fatty acids (FFAs) and ectopic lipid  deposition4. In humans, the effects of GCs on lipolysis may be 
indirect and partly dependent on prevailing insulin  concentrations5. This apparently conflicting role of cortisol 
in the control of body weight through opposing pathways in adipose tissue metabolism (increased lipolysis or 
stimulation of adipogenesis) is mirrored in the current epidemiological evidence from population based studies 
by showing that the association of cortisol levels and body weight is not as straightforward as once  thought6. 
A systematic review of the existing literature on obesity related HPA axis perturbations and cortisol activity 
performed by Incollingo-Rodriguez et al. qualified the level of different cortisol measures with obesity graded 
as “low evidence”7. A recent update confirmed these non-significant  effects8.

Obesity as outcome variable can be measured as the ratio of weight to height (BMI) reflecting generalized 
obesity or as abdominal distribution of adiposity assessed by the waist-to-hip ratio (WHR), capturing a more 
psycho-neuroactive component of adipose tissue. The waist-to-hip circumference approach may be particularly 
important in older populations because visceral fat increases and muscle mass declines with  age9,10. Incollingo-
Rodriguez et al. strongly recommend to assess generalized and abdominal obesity in parallel in order to define 
consistent cortisol  profiles7. They further bewailed that a simultaneous assessment of plasma cortisol and reac-
tivity measures (multiple saliva cortisol probes over the day) could help to disentangle the relationship of trait 
and state secretion  patterns7.

The heterogeneity of findings suggests the presence of unknown determining factors on the association 
between obesity and cortisol secretion levels. Sex dimorphism may have the potential of being an important 
confounder as recently demonstrated in the interaction between central adiposity and type 2 diabetes on the 
cortisol awakening response (CAR)  levels11. However, in most studies included in the existing meta-analyses, 
results for men and women were  pooled7,8 highlighting the necessarily for future research to account for pos-
sible sex differences of obesity-related dysregulations of HPA axis functioning. Age may be another important 
factor—however, only an evanescent minority of investigations studied populations with participants exceeding 
50 years of  age8.

Thus, the present investigation aimed to re-examine the association between obesity (assessed by WHR and 
BMI) and HPA axis dysregulation in a homogeneous sample of older community dwelling men and women. 
We analyzed morning serum cortisol levels and cortisol reactivity measured by salivary cortisol samples, here 
distinguishing between CAR and late night assessments.

Methods
Study setting and population. The KORA (Cooperative Health Research in the Region of Augsburg)-
Age  study12 was conducted between 11/2008 and 11/2009. All participants, aged > 64 years, were selected from a 
population-based random sample (N = 5,991) of four cross-sectional surveys conducted between 1984 and 2001 
with participation rates ranging between 67 and 79%. From 4,127 subjects who participated in a standardized 
telephone interview, a randomly drawn sample of 1,079 participants additionally underwent extensive physi-
cal examinations including collection of blood samples in the morning and an anthropometric examination. 
Salivary samples were available from 772 subjects (saliva sampling rate of 72%). After exclusion of participants 
with missing data on waist-hip-ratio, body mass index and covariates, the final data set for the present analysis 
consisted of 769 participants (394 males and 375 females) aged 65–90 years (mean age = 75 years, SD ± 6.6). The 
drop-out analysis revealed no significant age and sex differences. The study was approved by the Ethics Commit-
tee of the Bavarian Medical Association and performed in accordance with relevant regulations. All participants 
provided a written informed consent.

outcome: salivary and serum cortisol. Participants were individually instructed and provided with 
written information about the saliva sampling procedure (SALIVETTE sampling kit). Salivary cortisol in the 
morning after awakening (M1), 30 min after (M2), and late night (LNSC) were  collected11. Cortisol awakening 
response (CAR) was calculated based on the difference of M2 to M1 (CAR = M2–M1) and the area under the 
curve with respect to ground (CAR AUC ). The diurnal cortisol secretion pattern was measured with the ratios of 
morning of M1 to LNSC (M1/LNSC) and the ratio of M2 to LNSC (M2/LNSC). In case of non-normality, tests 
were performed on log-transformed cortisol measurements. Participants in our study followed the instructions 
with great rigor. There was individual variability in the time of awakening, but 90.4% of the subjects collected the 
first sample between 5 and 8 am. Analysis of self-documented collection times revealed that 95% of the subjects 
had collected the second sample with less than 5 min deviation from the expected time point. Salivary cortisol 
levels (ng/mL) were determined in duplicate using a luminescence immunoassay (IBL, Hamburg, Germany). 
The lower detection limit of this assay is 0.1 ng/mL (0.276 nmol/L), intra- and inter-assay coefficients of variation 
(CV) are below 6% and 9% at concentrations of 0.4 ng/mL and 5.0 ng/mL, respectively.

Serum cortisol samples were obtained from blood sample during the physical examination at the study centre 
within a time window of 9 am until 1 pm. Serum cortisol (µg/dl) was measured using the LIAISON chemilumi-
nescence immunoassay (DiaSorin, Dietzenbach) according to the manufacturer’s instructions with intra- and 
inter-assay CV below 12.4% and 4.4%, respectively.

covariates. Body mass index (BMI) and Waist-to-hip ratio (WHR) were assessed during a medical exami-
nation. BMI was calculated as weight (in kilogram)/height (in meters) squared and WHR by dividing waist cir-
cumference by hip circumference. According to the WHO, BMI was categorized to normal weight (20– < 25 kg/
m2), overweight (25–< 30), and obesity (≥ 30)13. WHR tertile categories were low (≤ 0.947 in men and ≤ 0.834 in 
women), medium (> 0.947–0.994 in men and > 0.834–0.884 in women), and high (≥ 0.994 in men and ≥ 0.884 
in women). Low education was defined as < 12 years of schooling. Someone who smoked cigarettes regularly or 
occasionally was considered as a current smoker. Alcohol consumption was rated as “daily or almost daily,” “once 
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or several times a week,” and “no or very rarely”. To assess physical activity, participants were classified as ‘active’ 
during leisure time if they regularly participated in sports for at least 1 h per week; otherwise they were consid-
ered ‘inactive’. Hypertension was defined as blood pressure ≥ 140/90 mmHg and/or current use of hypertensive 
medication. Total cholesterol (TC) and high density lipoprotein cholesterol (HDL-C) in mmol/l were measured 
by enzymatic methods (CHOD-PAP, Boehringer Mannheim, Germany). Participants were asked if they had 
a history of diabetes mellitus. Depressive symptoms were measured by cut-off point > 5 for mild or moderate 
depression using the 15-item German version of the Geriatric Depression  Scale14. The Generalized Anxiety 
Disorder scale was used to assess anxiety depicted by a score of at least  1015.

Statistical analysis. The chi-square test was used to examine the associations between categorical variables 
and the t-test for bivariate differences in means of continuous variables. Regarding cortisol levels by BMI and 
WHR categories, least-squares (LS) means of log means were calculated for skewed continuous variables. Differ-
ences between men and women (adjusted for age) were tested with linear regression.

For multivariable analyses of the association of obesity measures (exposure) with different cortisol level 
measures (outcomes), sex specific linear regression models with different steps of adjustments were performed. 
Outcome variables were morning cortisol (M1), 30 min after awakening (M2), late night (LNSC), M1/LNSC, 
M2/LNSC, CAR and CAR AUC . Crude model 1 was adjusted for age and sex). Model 2 was additionally adjusted 
for the presence of known potential confounders of education level, physical activity, alcohol consumption and 
depressive symptoms. All analyses were then tested for nonlinear effects by using quadratic terms for BMI and 
WHR. Total/HDL cholesterol ratio and diabetes mellitus were significantly associated with obesity measures. 
However, the addition of these factors in the models did not affect the associations and therefore were not 
included as confounders. All statistical analyses were run in SAS software version 9.3 (SAS Institute Inc., Cary, 
NC). The significance level was set at 0.05. The analysis and description followed the STROBE (STrengthening 
the Reporting of OBservational studies in Epidemiology) guidelines for observational studies.

Results
A total of 769 community-dwelling older subjects with a mean age of 75 years, among them 394 men and 375 
women, were included in the present investigation. Tables 1 and 2 display the sociodemographic characteris-
tics, risk factor distribution and psychological distress factors, stratified for three BMI and WHR classes. In 
total, differences emerged as expected with more adverse conditions in higher BMI classes (lower education, 
more alcohol intake, significantly higher prevalence of hypertension and diabetes and a worse TC/HDL ratio). 
Similarly, the WHR analysis was also sensitive to disclose significant differences between groups. A significant 
interaction between sex and BMI categories in CAR AUC  (P-value for interaction term < 0.05) prompted us to 
further employ sex stratified analyses.

Table 1.  Characteristics of participants by Body Mass Index (BMI) categories, means (SD) or n (%) (N = 769). 
a Differences across BMI categories, unadjusted P value, Chi-square/Kruskal Walis.

BMI (kg/m2)

Normal weight 
(20- < 25 kg/m2) 
(n = 148, 19.2%)

Overweight 
(25- < 30 kg/m2) 
(n = 376, 48.9%)

Obese (≥ 30 kg/
m2) (n = 245, 
31.8%) P value (overall)a P (Male)a P (Female) a

BMI (Overall) 23.22 (± 1.49) 27.40 (± 1.40) 33.49 (± 3.33)  < .0001  < .0001  < .0001

BMI (Men) 23.53 (± 1.42) 27.42 (± 1.37) 33.08 (± 2.97)  < .0001 – –

BMI (Women) 22.96 (± 1.51) 27.37 (± 1.44) 33.90 (± 3.63)  < .0001 – –

Waist-to-hip ratio (Overall) 0.87 (± 0.06) 0.92 (± 0.07) 0.94 (± 0.08)  < .0001  < .0001  < .0001

Waist-to-hip ratio (Men) 0.92 (± 0.04) 0.97 (± 0.05) 1.00 (± 0.05)  < .0001 – –

Waist-to-hip ratio (Women) 0.83 (± 0.05) 0.86 (± 0.05) 0.88 (± 0.05)  < .0001 – –

Sociodemographic

Age 75.0 (± 6.7) 75.2 (± 6.3) 75.1 (± 5.9) 0.90 0.69 0.32

Female 82 (55.4) 171 (45.5) 122 (49.8) 0.11 – –

Low education 95 (64.2) 271 (72.2) 185 (75.2) 0.05 0.11 0.001

Risk factors

Alcohol intake (g/day) 12.55 (± 14.2) 13.78 (± 17.3) 14.16 (± 19.8) 0.71 0.56 0.08

Current smoker 7 (4.7) 13 (3.5) 12 (4.9) 0.62 0.83 0.18

Physically inactive 58 (39.2) 162 (43.1) 115 (46.9) 0.31 0.36 0.35

Hypertension 94 (64.0) 275 (73.1) 205 (83.7)  < .0001 0.14  < .0001

Diabetes Mellitus 13 (8.8) 50 (13.3) 73 (29.8)  < .0001 0.002  < .0001

Total/HDL cholesterol 3.6 (± 0.9) 4.0 (± 1.0) 4.2 (± 1.0)  < .0001 0.002  < .0001

Psychological factors

Depressive symptoms 11 (7.4) 23 (6.1) 24 (9.8) 0.24 0.08 0.35

Anxiety 11 (7.5) 25 (6.6) 17 (7.1) 0.95 0.27 0.55
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the cortisol secretion pattern at awakening. Sex-specific analyses disclosed that, in women, higher 
M1 levels were significantly associated with a normal BMI (P = 0.03) (Supplementary Table 1). Multiple linear 
regression analyses (Table 4) confirmed the significant association of the greater M1 values with lower BMI 
(not WHR) in women (full model: β = − 0.012, SE = 0.01, P = 0.04). Additionally in women, increased CAR AUC  
was also associated with lower BMI (full model: β = − 6.5, SE = 2.1, P = 0.003). It is worth mentioning that the 
additional adjustments for age, education level, living alone, physical activity, alcohol intake, smoking status and 
depressive symptoms in the full model compared to the crude model did not substantially alter the strength of 
associations.

Late Night Salivary Cortisol (LNSC) and diurnal cortisol secretion patterns. We did not find 
a significant association between LNSC with BMI or WHR categories (Table 3); however, a tendency in the 
sex-stratified analyses (Supplementary Table 1) for LNSC to decline with increasing obesity measures in men. 
We observed a higher ratio for M1/LNSC ratio in individuals with a low WHR compared to individuals with 
a high WHR (P = 0.05) (Table 3). The association was not apparent in BMI measures and not seen for the M2/
LNSC ratio. Sex-stratified analyses disclosed that the M1/LNSC ratio was only significantly different in women 
(P = 0.004; Supplementary Table 1) and was confirmed with generalized linear regression models (crude model: 
P = 0.03, full model: P = 0.04; Table 4).

The association of cortisol and obesity measured for non-linear effects by using quadratic terms for BMI 
and WHR, both BMI and WHR revealed a significantly associated M1/LNSC ratio in the full model in men 
(P-value for quadratic term: BMI = 0.03, WHR = 0.03; Table 4). Driven by the significant non-linear association 
between obesity measures and cortisol diurnal pattern, sex-stratified analyses according to WHO BMI cut-off 
points resulted in a graphical representation of a non-linear association between BMI and cortisol diurnal pat-
tern (M1/LNSC) at both endings of the body weight distribution (Fig. 1). Apparently, due to low number of 
participants in the extreme-end of the BMI scale, a large variability (high confidence intervals) especially in the 
BMI ≥ 40 category was observed. A test of non-linearity in the total sample population yielded no significant 
findings (data not shown).

Serum cortisol levels. Serum cortisol levels were inversely related to high WHR (P = 0.002; Table 3). How-
ever, this significant association emerged only in men (Supplementary Table 1). A multivariable linear regression 
model (Supplementary Table 2) disclosed a significant inverse relationship (P = 0.004) of serum cortisol with 
WHR which remained stable even after adjustment for a multitude of concurrent adjustment variables.

Table 2.  Characteristics of participants by Waist-to-Hip ratio (WHR) measures°, means (SD) and n (%) 
(N = 769). * a Differences across WHR tertiles, unadjusted P-value, Chi-square / Kruskal Walis. °WHR tertiles: 
Men: 0.947 – 0.994; Women: 0.834 – 0.884.

Waist-to-Hip-Ratio

Low WHR 
(n = 255, 33.2%)

Medium WHR 
(n = 259, 33.7%)

High WHR 
(n = 255, 33.2%) P value (overall) a P (Male) a P (Female) a

BMI (Overall) 26.5 (± 4.0) 28.5 (± 3.9) 30.6 (± 4.1)  < .0001  < .0001  < .0001

BMI (Men) 25.56 (± 0.02) 28.37 (± 3.76) 30.91 (± 3.31)  < .0001 – –

BMI (Women) 26.20 (± 4.27) 27.70 (± 4.48) 30.54 (± 4.56)  < .0001 – –

Waist-to-hip ratio (Overall) 0.82 (± 0.05) 0.91 (± 0.07) 0.97 (± 0.07)  < .0001  < .0001  < .0001

Waist-to-hip ratio (Men) 0.87 (± 0.02) 0.96 (± 0.03) 1.05 (± 0.03)  < .0001 – –

Waist-to-hip ratio (Women) 0.77 (± 0.02) 0.84 (± 0.02) 0.92 (± 0.03)  < .0001 – –

Sociodemographic

Mean age (SD) 74.7 (± 6.3) 75.3 (± 6.3) 75.5 (± 6.3) 0.32 0.71 0.38

Female 124 (48.6) 127 (49.0) 124 (48.6) 0.99 – –

Low education 177 (69.4) 187 (72.2) 187 (73.3) 0.60 0.38 0.91

Risk factors

Alcohol intake (g/day) 12.4 (± 13.9) 14.7 (± 17.6) 11.9 (± 18.4) 0.02 0.95 0.37

Current smoker 6 (2.4) 13 (5.0) 13 (5.1) 0.21 0.22 0.56

Physically inactive 152 (59.6) 143 (55.2) 139 (54.5) 0.45 0.04 0.65

Hypertension 174 (68.2) 191 (74.0) 209 (82.0) 0.002 0.004 0.21

Diabetes Mellitus 27 (10.6) 42 (16.3) 67 (26.3)  < .0001 0.03 0.0002

Total/HDL cholesterol 3.8 (± 0.9) 4.0 (± 1.0) 4.1 (± 1.1)  < .0001 0.0002 0.006

Psychological factors

Depressive symptoms 16 (6.3) 19 (7.3) 23 (9.0) 0.50 0.87 0.38

Anxiety 19 (7.6) 18 (7.0) 16 (6.4) 0.87 0.50 0.98
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Discussion
To the best of our knowledge, this is the first investigation to study sex-specific associations of saliva and serum 
measures of cortisol secretion patterns and obesity measures comprehensively in a community dwelling popu-
lation of older and very old people. Based on experimental and clinical data which demonstrated an anabolic 
effect of sustained HPA axis dysfunction, we expected to find a positive association between elevated cortisol 
patterns and generalized or central body weight. However, we found no evidence for this association. On the 
contrary, normal weight subjects of old age presented a more pronounced ratio of morning to late night cortisol 
and higher serum cortisol levels. Of note, we observed a trend of an impaired M1/LNSC secretion pattern at 
both extreme ends of the body weight distribution.

Morning salivary, late night salivary and serum cortisol secretion. Kumari et al. (2010) demon-
strated in a very large sample of middle aged subjects that abdominal and generalized obesity was associated 
with lower morning after awakening  cortisol16 and Champaneri et al. (2013) confirmed in a sample of 1,002 
participants a negative association of BMI and WHR with awaking  cortisol17. The present investigation extends 
these findings to a community dwelling population of older and very old subjects, particularly in women.

In their review, Incollingo-Rodriguez et al. (2015) identified more studies with mixed findings, and speculated 
that “a blunted CAR ” in obese subjects may be “the more reliable perturbation”7. Longitudinal evidence comes 
from a study of Joseph et al. (2017) who followed 1685 men and women with a mean age of 65 (± 10 years) over 
7 years and showed that a 1% higher prior annual BMI percentage increase was associated with a 2.9% lower 
current CAR 18. They suspect that obesity may perpetuate a HPA axis dysfunction with an overall flattering of the 
diurnal cortisol profile. The findings of the present study clearly give support for this assumption particularly by 
showing a flattening of the diurnal cortisol secretion pattern (low M1/LNSC ratio) with obesity.

A heightened late night salivary cortisol (LNSC) output indicates an impaired secretion pattern and the 
inability of the affected subject to reach a sufficiently low level at the end of the day. Johar et al. (2016) recently 
showed that impaired LNSC is associated with type 2 diabetes in older women but not in older  men11. In the 
present investigation, LNCS patterns yielded no significant associations with obesity. We are unaware of any 
other study that has tested this association. In contrast, serum cortisol yielded the most consistent findings in the 
present investigation by showing an inverse relationship of serum cortisol with WHR ratio which remained highly 
significant after even a robust adjustment for concurrent confounding factors in male participants. Previously, we 
demonstrated that high LNSC levels, resulting in a flatter diurnal patterns are associated with frailty suggesting 
a potential contribution of diminished muscle mass (sarcopenia)19. Therefore, a chronically high cortisol level 
may induce muscle atrophy despite a relatively high fat mass that may result in a normal BMI or low WHR.

The fact that obese individuals exhibit lower salivary cortisol concentrations in the morning seems contra 
intuitive. However, considering the significantly higher LNSC concentrations in the obese subjects, the blunted 
physiological increase in the morning might be a consequence of chronic hypercortisolism. We detected non-
linear effects for the ratio of M1/LNSC on both extreme ends of the weight category spectrum in older men and 
most notably after a rigorous adjustment for possible confounding variables as also confirmed in an occupational 
cohort of the Whitehall II study (73.7% men (n = 2,915) and 26.3% women (n = 1,041), aged 50–74 year)16. Thus, 

Table 3.  Age- and sex- adjusted least-squares (LS) means (in nmol/L), 95% CI and P values of log 
transformed-cortisol levels (nmol/L) by BMI and WHR categories. Bold values denote statistical significance at 
the p < 0.05 level. *Non-log transformed.

BMI categories

Normal weight 
(20– < 25 kg/m2)
(n = 148, 19.22%)

Overweight 
(25– < 30 kg/m2)
(n = 376, 48.90%)

Obese 
(≥ 30 kg/m2)
(n = 245, 31.82%) P

Morning after awakening, M1 2.45 (2.35–2.55) 2.33 (2.27–2.39) 2.34 (2.26–2.42) 0.13

30 min after awakening, M2 2.72 (2.62–2.82) 2.58 (2.52–2.65) 2.62 (2.55–2.70) 0.08

Late night (LNSC) 0.76 (0.65–0.87) 0.63 (0.56–0.70) 0.69 (0.61–0.78) 0.20

M1/LNSC ratio 1.69 (1.56–1.82) 1.70 (1.61–1.78) 1.65 (1.55–1.75) 0.96

M2/LNSC ratio 1.96 (1.82–2.09) 1.95 (1.87–2.04) 1.93 (1.83–2.04) 0.94

Serum cortisol 3.27 (3.19–3.34) 3.12 (3.08–3.17) 3.17 (3.11–3.23) 0.14

Cortisol Awakening Response, CAR* 4.05 (2.72–5.37) 3.24 (2.41–4.08) 4.00 (2.97–5.03) 0.42

WHR categories
Low WHR
(n = 255, 33.2%)

Medium WHR (n = 259, 
33.7%)

High WHR
(n = 255, 33.2%) P

Morning after awakening, M1 2.37 (2.30–2.45) 2.41 (2.34–2.49) 2.28 (2.28–2.36) 0.11

30 min after awakening, M2 2.64 (2.57–2.72) 2.60 (2.52–2.67) 2.63 (2.55–2.70) 0.80

Late night (LNSC) 0.67 (0.58–0.75) 0.67 (0.58–0.75) 0.69 (0.61–0.77) 0.13

M1/LNSC ratio 1.70 (1.80–1.74) 1.74 (1.64–1.84) 1.60 (1.50–1.69) 0.05

M2/LNSC ratio 1.98 (1.87–2.08) 1.92 (1.82–2.03) 1.94 (1.84–2.04) 0.62

Serum cortisol 3.53 (2.53–4.54) 2.63 (1.64–3.63) 2.09 (2.04–2.15) 0.002

Cortisol Awakening Response, CAR* 1.26 (0.65–1.87) 1.10 (0.73–1.47) 4.76 (3.75–5.77) 0.09

CAR AUC  * 427.92 (404.02–451.82) 432.61 (432.61–408.92) 426.55 (402.66–450.43) 0.94
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Table 4.  Sex-stratified multivariable regression analyses on the association between cortisol measurements 
(outcome) and obesity measures (P-values for linear and quadratic trend). P values from linear regression with 
BMI or WHR entered as linear or quadratic terms on cortisol levels for men and women. Multivariate linear 
regression models for cortisol levels are adjusted for age in Model 1. Model 2 = Model 1 + education level, living 
alone, physical activity, alcohol intake, smoking status and depressive symptoms.

Men Women

Crude model Full model Crude model Full model

BMI

Morning after awakening, M1

Test for linear trend 0.33 0.42 0.03 0.04

Test for quadratic term 0.32 0.23 0.26 0.32

30 min after awakening, M2

Test for linear trend 0.88 0.87 0.05 0.07

Test for quadratic term 0.94 0.88 0.58 0.67

CAR 

Test for linear trend 0.27 0.25 0.54 0.72

Test for quadratic term 0.65 0.65 0.69 0.58

CAR AUC 

Test for linear trend 0.69 0.75 0.002 0.003

Test for quadratic term 0.27 0.21 0.42 0.58

M1/LNSC

Test for linear trend 0.96 0.88 0.07 0.09

Test for quadratic term 0.07 0.03 0.87 0.86

M2/LNSC

Test for linear trend 0.51 0.73 0.10 0.14

Test for quadratic term 0.28 0.18 0.56 0.55

LNSC

Test for linear trend 0.36 0.58 0.86 0.91

Test for quadratic term 0.21 0.14 0.21 0.25

Serum cortisol

Test for linear trend 0.34 0.43 0.38 0.39

Test for quadratic term 0.09 0.11 0.92 0.80

WHR

Morning after awakening, M1

Test for linear trend 0.08 0.10 0.09 0.10

Test for quadratic term 0.29 0.16 0.14 0.14

30 min after awakening, M2

Test for linear trend 0.10 0.13 0.64 0.60

Test for quadratic term 0.27 0.10 0.25 0.22

CAR 

Test for linear trend 0.83 0.76 0.19 0.20

Test for quadratic term 0.38 0.26 0.60 0.52

CAR AUC 

Test for linear trend 0.47 0.56 0.23 0.30

Test for quadratic term 0.20 0.08 0.10 0.07

M1/LNSC

Test for linear trend 0.81 0.86 0.03 0.04

Test for quadratic term 0.05 0.03 0.61 0.59

M2/LNSC

Test for linear trend 0.93 0.95 0.26 0.23

Test for quadratic term 0.07 0.03 0.08 0.72

LNSC

Test for linear trend 0.21 0.23 0.34 0.32

Test for quadratic term 0.20 0.60 0.44 0.46

Serum cortisol

Test for linear trend 0.26 0.34 0.63 0.63

Test for quadratic term 0.30 0.39 0.58 0.58
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the flattest diurnal salivary cortisol slopes were observed among older men with the highest and lowest BMI, 
possibly explaining in part the mixed findings in other studies. Similarly, Schorr et al. (2015) confirmed low 
cortisol measures in overweight and obese subjects in a sample of 60 women but demonstrated a significant 
increase in cortisol at the extreme ends of the weight distribution of the BMI spectrum which was even stronger 
at the anorexic site compared to the extreme overweight  end20.

In contrast, recent findings analyzing hair cortisol concentrations (HCC), which allow investigating the effects 
of long-term cortisol exposure (over two to three months) on obesity measures, yielded mostly positive findings 
on the association of body weight and cortisol levels. The Whitehall II occupational cohort study of British civil 
 servants21 with 3,507 participants (aged 59–83y) and the English Longitudinal Study of  Ageing22 with > 2,500 
participants (aged 54–87 y) both evidenced in cross sectional and longitudinal analyses that hair cortisol con-
centrations were positively correlated with both higher BMI and WHR measures. However, an analysis of 654 
participants in middle and old adulthood (aged 47–82 y) from the German cohort of the European Prospective 
Investigation into Cancer and Nutrition (EPIC)  study23 could not confirm an association between HCC and 
obesity after adjustment for confounding variables. In addition to these contrary findings, it should also be noted 
that HCC is unable to disentangle impaired dynamics of the diurnal cortisol secretion patterns and may be less 
appropriate to identify blunted cortisol  reactions24.

Comparison between WHR and BMI. Abdominal adiposity (as measured by WHR) may reflect meta-
bolic risks better than BMI prompting Incollingo-Rodriguez et al. (2015) to recommend that future research 
on cortisol and HPA axis dysregulation should take generalized versus abdominal adiposity into careful 
 consideration7. Following this recommendation, all findings of the present investigation were analyzed by WHR 
and BMI measures separately. Although not fully consistent, our findings provide evidence that differences in 
cortisol secretion were more sensitively correlated with WHR than with BMI. Particularly, the significant find-
ings of body weight serum cortisol would not have become apparent if not associated with WHR.

Sex differences in cortisol secretion patterns. Although the majority of studies which investigated the 
association between cortisol and obesity analyzed samples of men and women, most findings were presented 
as pooled  data8. This may be a significant limitation particularly in premenopausal women as studies have evi-
denced that the different phases of the menstrual cycle may influence to cortisol secretion  level25. In the present 
study, only postmenopausal women were included thus providing a more homogenous study population.

Study limitations. The cross sectional design of the present investigation prevented us from determining 
causal assumptions. Although associations between exposure variables and outcomes were extensively adjusted 

Figure 1.  Age-adjusted least-squares (LS) means (95% CI) of log (M1/E) by WHO Body-Mass-Index (BMI) 
and Waist-Hip-Ratio categories in men and women.
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for possible covariates, reverse causality and residual confounding cannot be completely excluded. The present 
study collected salivary cortisol sample from a large population based sample with a high response rate and a 
very strict quality assessment. Our CAR measurement was based on two sampling points (on awakening and 
30 min after awakening). At the time our study was planned, evaluation of CAR based on two samples was a 
common protocol. A recent consensus guideline for CAR assessment recommended a protocol with a minimum 
of three sampling points: on awakening, 30 min and 45 min26, to increase the likelihood to capture the CAR 
peak.

Similar to other studies, we measured serum cortisol at one time point in the morning during the participants’ 
visit to the study  center27,28. Although a single measurement does not reflect the circadian rhythm, participant’s 
blood samples were taken before 13:00 h in a majority of 90% of the study participants. Serum cortisol has a 
low intra-individual variability and correlates well with the feedback sensitivity of the HPA  axis29. A proportion 
of 95% of the study cortisol values were within 5–25 mg/dL which is considered as the normal  range30. Other 
 laboratories31 employ lower reference levels (< 7 mg/dL) which would render almost 30% of the study participants 
as suffering from low serum cortisol. Thus, we cannot rule out that the sampling time in late morning before 
afternoon may influence the decreased in serum cortisol levels of the study participants.

The diurnal cortisol slope is best measured as the rate of decline in cortisol levels across the entire span of 
time from wake-up to bedtime. A minimal protocol for estimating a diurnal cortisol slope includes two data 
points—one in the morning (either wake-up (m1) or 30–40 min post-awakening (M2))32. We considered M1 
and M2 as baseline values for assessing the diurnal pattern. Employing the M1 approach, the diurnal slope is 
anchored on the first wakeup sample of the  day33. Secondly, the ratio of 30 min after awakening (M2) and LNSC 
was also used as a measure of diurnal pattern. Other researchers have measured the rate of decline in cortisol 
from the peak value of the day, which is typically the CAR sample taken 30–40 min after  waking32. To date, it 
remains yet to be determined which of these approaches turns out to be the most meaningful.

conclusion
Despite convincing evidence from experimental and clinical  studies6,34 on anabolic properties of prolonged 
(hyper) cortisol secretion, recent meta-analyses were unable to prove a positive association between obesity and 
impaired cortisol levels in epidemiological  studies7,8. Following recommendations by these authors, we analyzed 
different measures of body weight and cortisol secretion patterns and were able to show in a sample of commu-
nity-dwelling elderly people that a tendency of lower body weight (regardless of generalized or abdominal fat 
distribution) and increased cortisol levels was more likely than the opposite with one exception: at both extreme 
ends of the weight distribution, an impaired morning-to-late night ratio of cortisol levels could be identified. 
A promising new avenue of investigating the association of obesity with cortisol secretion patterns may take 
advantage from a new phenotype of obesity as recently proposed by von Rossum (2017) when she advocated to 
distinguish between “normocortisolistic” and “hypercortisolistic” obesity in order to develop specific treatment 
options for both categories if confirmed in future epidemiological  investigations35.

Received: 30 September 2019; Accepted: 20 April 2020

References
 1. Uchoa, E. T. et al. Novel aspects of glucocorticoid actions. J. Neuroendocrinol. 26, 557–572. https ://doi.org/10.1111/jne.12157  

(2014).
 2. Xu, C. et al. Direct effect of glucocorticoids on lipolysis in adipocytes. Mol. Endocrinol. 23, 1161–1170. https ://doi.org/10.1210/

me.2008-0464 (2009).
 3. Hauner, H., Schmid, P. & Pfeiffer, E. F. Glucocorticoids and insulin promote the differentiation of human adipocyte precursor cells 

into fat cells. J. Clin. Endocrinol. Metab. 64, 832–835. https ://doi.org/10.1210/jcem-64-4-832 (1987).
 4. Campbell, J. E., Peckett, A. J., D’souza, A. M., Hawke, T. J. & Riddell, M. C. Adipogenic and lipolytic effects of chronic glucocorticoid 

exposure. Am. J. Physiol. Cell Physiol. 300, C198–C209. https ://doi.org/10.1152/ajpce ll.00045 .2010 (2011).
 5. Stimson, R. H. et al. Acute physiological effects of glucocorticoids on fuel metabolism in humans are permissive but not direct. 

Diabetes Obes. Metab. 19, 883–891. https ://doi.org/10.1111/dom.12899  (2017).
 6. Björntorp, P. Do stress reactions cause abdominal obesity and comorbidities?. Obes. Rev. 2, 73–86. https ://doi.org/10.1046/j.1467-

789x.2001.00027 .x (2001).
 7. Incollingo Rodriguez, A. C. et al. Hypothalamic-pituitary-adrenal axis dysregulation and cortisol activity in obesity: a systematic 

review. Psychoneuroendocrinology 62, 301–318. https ://doi.org/10.1016/j.psyne uen.2015.08.014 (2015).
 8. Tenk, J. et al. In obesity, HPA axis activity does not increase with BMI, but declines with aging: a meta-analysis of clinical studies. 

PLoS ONE 11, e0166842. https ://doi.org/10.1371/journ al.pone.01668 42 (2016).
 9. Baumgartner, R. N., Heymsfield, S. B. & Roche, A. F. Human body composition and the epidemiology of chronic disease. Obes. 

Res. 3, 73–95. https ://doi.org/10.1002/j.1550-8528.1995.tb001 24.x (1995).
 10. Gallagher, D. et al. Weight stability masks sarcopenia in elderly men and women. Am. J. Physiol. Endocrinol. Metab. 279, E366–E375 

(2000).
 11. Johar, H., Emeny, R. T., Bidlingmaier, M., Kruse, J. & Ladwig, K.-H. Sex-related differences in the association of salivary cortisol 

levels and type 2 diabetes. Findings from the cross-sectional population based KORA-age study.  Psychoneuroendocrinology 69, 
133–141. https ://doi.org/10.1016/j.psyne uen.2016.04.004 (2016).

 12. Peters, A. et al. Multimorbidität und erfolgreiches Altern. Z. Gerontol. Geriat. 44, 41–54. https ://doi.org/10.1007/s0039 1-011-0245-7 
(2011).

 13. WHO. Waist Circumference and Waist–Hip Ratio: Report of a WHO Expert Consultation. (Geneva, 2008).
 14. Sheikh, J. I. & Yesavage, J. A. A knowledge assessment test for geriatric psychiatry. Hosp. Community Psychiatry 36, 1160–1166 

(1985).
 15. Spitzer, R. L., Kroenke, K., Williams, J. W. & Löwe, B. A brief measure for assessing generalized anxiety disorder: The GAD-7. 

Arch. Intern. Med. 166, 1092–1097. https ://doi.org/10.1001/archi nte.166.10.1092 (2006).

https://doi.org/10.1111/jne.12157
https://doi.org/10.1210/me.2008-0464
https://doi.org/10.1210/me.2008-0464
https://doi.org/10.1210/jcem-64-4-832
https://doi.org/10.1152/ajpcell.00045.2010
https://doi.org/10.1111/dom.12899
https://doi.org/10.1046/j.1467-789x.2001.00027.x
https://doi.org/10.1046/j.1467-789x.2001.00027.x
https://doi.org/10.1016/j.psyneuen.2015.08.014
https://doi.org/10.1371/journal.pone.0166842
https://doi.org/10.1002/j.1550-8528.1995.tb00124.x
https://doi.org/10.1016/j.psyneuen.2016.04.004
https://doi.org/10.1007/s00391-011-0245-7
https://doi.org/10.1001/archinte.166.10.1092


9

Vol.:(0123456789)

Scientific RepoRtS |        (2020) 10:14321  | https://doi.org/10.1038/s41598-020-71204-6

www.nature.com/scientificreports/

 16. Kumari, M., Chandola, T., Brunner, E. & Kivimaki, M. A nonlinear relationship of generalized and central obesity with diurnal 
cortisol secretion in the Whitehall II Study. J. Clin. Endocrinol. Metab. 95, 4415–4423. https ://doi.org/10.1210/jc.2009-2105 (2010).

 17. Champaneri, S. et al. Diurnal salivary cortisol is associated with body mass index and waist circumference: The multiethnic study 
of atherosclerosis. Obesity 21, E56–E63. https ://doi.org/10.1002/oby.20047  (2013).

 18. Joseph, J. J. et al. Antecedent longitudinal changes in body mass index are associated with diurnal cortisol curve features: The 
multi-ethnic study of atherosclerosis. Metabolism 68, 95–107. https ://doi.org/10.1016/j.metab ol.2016.12.001 (2017).

 19. Johar, H. et al. Blunted diurnal cortisol pattern is associated with frailty: a cross-sectional study of 745 participants aged 65 to 90 
years. J. Clin. Endocrinol. Metab. 99, E464–E468. https ://doi.org/10.1210/jc.2013-3079 (2014).

 20. Schorr, M., Lawson, E. A., Dichtel, L. E., Klibanski, A. & Miller, K. K. Cortisol measures across the weight spectrum. J. Clin. 
Endocrinol. Metab. 100, 3313–3321. https ://doi.org/10.1210/JC.2015-2078 (2015).

 21. Abell, J. G. et al. Assessing cortisol from hair samples in a large observational cohort: the Whitehall II study. Psychoneuroendocri-
nology 73, 148–156. https ://doi.org/10.1016/j.psyne uen.2016.07.214 (2016).

 22. Jackson, S. E., Kirschbaum, C. & Steptoe, A. Hair cortisol and adiposity in a population-based sample of 2,527 men and women 
aged 54 to 87 years. Obesity 25, 539–544. https ://doi.org/10.1002/oby.21733  (2017).

 23. Feller, S. et al. Predictors of hair cortisol concentrations in older adults. Psychoneuroendocrinology 39, 132–140. https ://doi.
org/10.1016/j.psyne uen.2013.10.007 (2014).

 24. Wright, K. D., Hickman, R. & Laudenslager, M. L. Hair cortisol analysis: a promising biomarker of HPA activation in older adults. 
Gerontologist 55, S140–S145. https ://doi.org/10.1093/geron t/gnu17 4 (2015).

 25. Bao, A. M., Liu, R. Y., Van Someren, E. J., Hofman, M. A. & Zhou, J. N. Changes in diurnal rhythms of free cortisol secretion during 
different phases of menstrual cycle. Sheng Li Xue Bao 55, 547–553 (2003).

 26. Stalder, T. et al. Assessment of the cortisol awakening response: expert consensus guidelines. Psychoneuroendocrinology 63, 414–432. 
https ://doi.org/10.1016/j.psyne uen.2015.10.010 (2016).

 27. Schrijvers, E. M. et al. Associations of serum cortisol with cognitive function and dementia: the Rotterdam Study. J. Alzheimers 
Dis. 25, 671–677. https ://doi.org/10.3233/jad-2011-11022 4 (2011).

 28. Armanini, D. et al. Alzheimer’s disease: pathophysiological implications of measurement of plasma cortisol, plasma dehydroe-
piandrosterone sulfate, and lymphocytic corticosteroid receptors. Endocrine 22, 113–118. https ://doi.org/10.1385/endo:22:2:113 
(2003).

 29. 29Huizenga, N. et al. Interperson variability but intraperson stability of baseline plasma cortisol concentrations, and its relation 
to feedback sensitivity of the hypothalamo-pituitary-adrenal axis to a low dose of dexamethasone in elderly individuals. J Clin 
Endocrinol Metab (1998).

 30. Kratz, A., Ferraro, M., Sluss, P. M. & Lewandrowski, K. B. Case records of the Massachusetts General Hospital. Weekly clinico-
pathological exercises. Laboratory reference values. N. Engl. J. Med. 351, 1548–1563. https ://doi.org/10.1056/NEJMc pc049 016 
(2004).

 31. Nieman, L. K. et al. The diagnosis of Cushing’s syndrome: An Endocrine Society Clinical Practice Guideline. J. Clin. Endocrinol. 
Metab. 93, 1526–1540. https ://doi.org/10.1210/jc.2008-0125 (2008).

 32. Adam, E. K. & Kumari, M. Assessing salivary cortisol in large-scale, epidemiological research. Psychoneuroendocrinology 34, 
1423–1436. https ://doi.org/10.1016/j.psyne uen.2009.06.011 (2009).

 33. Cohen, S. et al. Socioeconomic status, race, and diurnal cortisol decline in the Coronary Artery Risk Development in Young Adults 
(CARDIA) Study. Psychosom. Med. 68, 41–50. https ://doi.org/10.1097/01.psy.00001 95967 .51768 .ea (2006).

 34. Patterson, Z. & Abizaid, A. Stress induced obesity: lessons from rodent models of stress. Front Neurosci. https ://doi.org/10.3389/
fnins .2013.00130  (2013).

 35. van Rossum, E. F. C. Obesity and cortisol: new perspectives on an old theme.  Obesity 25, 500–501. https ://doi.org/10.1002/
oby.21774  (2017).

Acknowledgements
We thank the KORA-Age study team of research scientists, statisticians, study coordinators, nurses, data manag-
ers and administrative assistants for making this study possible.

Author contributions
K.H.L. and MB designed the study. K.H.L. wrote the first draft of the manuscript. H.J. performed the statistical 
analysis. K.H.L., M.B., S.C.S., S.A., M.B., J.K. and M.B. proofread the manuscript.

funding
The KORA research platform (KORA, Cooperative Research in the Region of Augsburg) was initiated and 
financed by the Helmholtz Zentrum München- German Research Center for Environmental Health, which is 
funded by the German Federal Ministry of Education and Research and by the State of Bavaria. The KORA-Age 
study was financed by the German Federal Ministry of Education and Research (BMBF FKZ 01ET0713) as part 
of the “Health in old age”-program.

competing interests 
The authors declare no competing interests.

Additional information
Supplementary information is available for this paper at https ://doi.org/10.1038/s4159 8-020-71204 -6.

Correspondence and requests for materials should be addressed to K.-H.L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1210/jc.2009-2105
https://doi.org/10.1002/oby.20047
https://doi.org/10.1016/j.metabol.2016.12.001
https://doi.org/10.1210/jc.2013-3079
https://doi.org/10.1210/JC.2015-2078
https://doi.org/10.1016/j.psyneuen.2016.07.214
https://doi.org/10.1002/oby.21733
https://doi.org/10.1016/j.psyneuen.2013.10.007
https://doi.org/10.1016/j.psyneuen.2013.10.007
https://doi.org/10.1093/geront/gnu174
https://doi.org/10.1016/j.psyneuen.2015.10.010
https://doi.org/10.3233/jad-2011-110224
https://doi.org/10.1385/endo:22:2:113
https://doi.org/10.1056/NEJMcpc049016
https://doi.org/10.1210/jc.2008-0125
https://doi.org/10.1016/j.psyneuen.2009.06.011
https://doi.org/10.1097/01.psy.0000195967.51768.ea
https://doi.org/10.3389/fnins.2013.00130
https://doi.org/10.3389/fnins.2013.00130
https://doi.org/10.1002/oby.21774
https://doi.org/10.1002/oby.21774
https://doi.org/10.1038/s41598-020-71204-6
www.nature.com/reprints


10

Vol:.(1234567890)

Scientific RepoRtS |        (2020) 10:14321  | https://doi.org/10.1038/s41598-020-71204-6

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

© The Author(s) 2020

http://creativecommons.org/licenses/by/4.0/

	Association of generalized and central obesity with serum and salivary cortisol secretion patterns in the elderly: findings from the cross sectional KORA-Age study
	Anchor 2
	Anchor 3
	Methods
	Study setting and population. 
	Outcome: salivary and serum cortisol. 
	Covariates. 
	Statistical analysis. 

	Results
	The cortisol secretion pattern at awakening. 
	Late Night Salivary Cortisol (LNSC) and diurnal cortisol secretion patterns. 
	Serum cortisol levels. 

	Discussion
	Morning salivary, late night salivary and serum cortisol secretion. 
	Comparison between WHR and BMI. 
	Sex differences in cortisol secretion patterns. 
	Study limitations. 

	Conclusion
	References
	Acknowledgements


