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Context: Evidence for an association of measures of generalized and central obesity with salivary
cortisol secretion is equivocal.

Objective: The objective of this study was to assess the relationship between body mass index (BMI),
waist circumference, and salivary cortisol.

Design: The design was a cross-sectional study of BMI, waist circumference, and salivary cortisol
from phase 7 (2002-2004) of the Whitehall Il study.

Setting: The occupational cohort was originally recruited in 1985-1988.

Participants: Participants included 2915 men and 1041 women aged 50-74 yr with complete in-
formation on height, weight and waist circumference, and cortisol secretion.

Outcome Measures: Saliva samples were taken on waking, waking plus 0.5, 2.5, 8, and 12 h, and
bedtime for the assessment of cortisol. The cortisol awakening response and slope in diurnal
secretion were calculated.

Results: After adjustment for age, sex, social position, waking time, and time since waking of
sample collection, increasing central and generalized obesity was associated with lower waking
cortisol (P=0.001). U-shaped associations were apparent between diurnal slope in salivary cortisol
and both BMI and waist circumference (P < 0.0001 for quadratic term). For example, the shallowest
(most adverse) slopes in salivary cortisol were associated with highest (>31kg/m?) and lowest (<21
kg/m?) levels of BMI, and the steepest slopes were apparent for those with BMI of 26 kg/m?,
independently of the 12 covariates examined. No associations were apparent for the cortisol
awakening response (P > 0.05).

Conclusion: The associations of measures of generalized and central obesity with diurnal slope in
salivary cortisol are not linear in older adults. These nonlinear associations may explain previously
described mixed findings. (J Clin Endocrinol Metab 95: 4415-4423, 2010)

t is hypothesized that the hypothalamic-pituitary-adre-
I nal (HPA) axis and obesity are linked (1). In particular,
central obesity and syndromes of increased cortisol (a bi-
omarker of the HPA axis) share several clinical metabolic
and cardiovascular outcomes (2, 3). Diurnal cortisol re-
lease is typically characterized by high levels on waking,
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peaking at approximately 30 min [called the cortisol
awakening response (CAR)], and a subsequent decline
over the remainder of the day. The use of salivary cortisol
allows measurement of this diurnal rhythm in a natural-
istic setting, with minimal inconvenience for participants.
Assessment of cortisol from saliva samples, to capture the

Abbreviations: BMI, Body mass index; CAR, cortisol awakening response; HPA,
hypothalamic-pituitary-adrenal.
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CAR and levels over the day, is now routinely used in the
epidemiological setting (4). Several studies suggest that a
large or small CAR and shallow or flat slopes, i.e. small
declines in cortisol secretion across the day, is associated
with poor health and associated outcomes (5-8). How-
ever, the association of generalized obesity and central
obesity with salivary cortisol is poorly understood.

Pathological activation of the HPA axis, such as found
in Cushing’s syndrome, is associated with increased cen-
tral obesity. In nonclinical populations, however, the re-
ported associations of salivary cortisol levels and measures
of anthropometry are equivocal. For example, Wallerius
et al. (9) described a positive association of morning cor-
tisol levels with waist circumference in 28 healthy men,
and Steptoe et al. (10) reported a positive association of the
CAR with waist circumference in 58 healthy white men
butno association in healthy white women or with cortisol
measured in the rest of the day. Therrien et al. (11) simi-
larly described a positive association of the CAR in 51 men
but found no association in 31 women. In contrast, Ros-
mond et al. (12) described lower morning cortisol levels
associated with increased waist/hip ratio in 50 middle
aged men, and Ljund ef al. (13) described an inverse as-
sociation of body mass index (BMI) and waist circumfer-
ence with an arithmetic mean of seven cortisol measures
collected across the day in 284 men. Ranjit et al. (14)
described diminished morning cortisol levels associated
with obesity in 188 women, and Power et al. (15) de-
scribed an inverse association of waist circumference and
BMI with morning cortisol release in 6470 middle-aged
men and women. Recently, a study of 491 middle-aged
healthy men and women reported no association of BMI
with morning, evening, or diurnal slope in cortisol secre-
tion (16).

Reasons for mixed findings remain unknown. The dif-
ferent directions of association have been attributed to
different mechanisms; positive associations between mea-
sures of adiposity and cortisol secretion were cited as ev-
idence supportive of an etiological role of the HPA axis in
obesity, whereas inverse associations are attributed to in-
creased clearance of cortisol associated with increased ad-
iposity (3, 12, 17, 18). It is also possible that there is a
U-shaped association such that adverse cortisol profiles
are linked with both obesity and underweight (a possible
marker of disease), because both obesity and underweight
are known correlates of morbidity and increased mortality
risk (19, 20). Nonlinear associations with cortisol are not
necessarily detected in previous analyses based on linear
testing or crude BMI categories.

We hypothesize that the associations of cortisol secre-
tion with measures of obesity involve multiple mecha-
nisms and are therefore nonlinear. To test this hypothesis,
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we examine the association between BMI, waist circum-
ference, and salivary free cortisol levels in a large cohort of
late middle-aged men and women. We will examine wak-
ing cortisol, the CAR, and slope in cortisol measures sep-
arately because these are typically assessed parameters of
diurnal cortisol secretion (4). Our study has the advantage
of being large enough to account for correlates of cortisol
levels in the analysis and also to examine any nonlinear
associations that may be apparent in the data.

Subjects and Methods

Participants

Data reported here are from phase 7 (2002-2004) of the
Whitehall IT study. The Whitehall I cohort was initially recruited
between 1985 and 1988 (phase 1) from 20 London-based civil
service departments; 10,308 (74.0%) people participated, and
details of the clinical assessment and cohort profile have been
reported previously (21). The number participating at phase 7
was 6941, and 6484 (93.4%) had a clinical assessment. Collec-
tion of saliva for the assessment of cortisol was instigated part-
way through phase 7. Of those eligible for cortisol assessment,
4609 (90.1%) returned samples. In analyses reported here, fewer
participants were in the lowest employment grades compared
with phase 1 of the study, but this difference was small. Ethical
approval for the Whitehall II study was obtained from the Uni-
versity College London Medical School committee on the ethics
of human research. Informed consent for involvement in the
study was gained from every participant.

Cortisol collection and analysis

The collection of cortisol from phase 7 of the study has been
described previously (22). Briefly, in a face-to-face interview,
participants were requested to provide six saliva samples in
salivettes over the course of a normal weekday at waking, at
waking plus 30 min, 2.5 h, 8 h, and 12 h, and at bedtime. Par-
ticipants were instructed to not brush teeth or eat or drink any-
thing for 15 min before sample collection. An instruction booklet
was used to record information on the day of sampling, including
wake time, time each sample was taken, and stressful events. The
salivettes and booklet were returned via post. Salivettes were
centrifuged at 3000 rpm for 5 min, resulting in a clear superna-
tant of low viscosity. Salivary cortisol levels were measured using
a commercial immunoassay with chemiluminescence detection
(CLIA; IBL-Hamburg, Hamburg, Germany). The lower concen-
tration limit of this assay is 0.44 nmol/liter; intraassay and in-
terassay coefficients of variance were <8%. Any sample over 50
nmol/liter was repeated.

BMI and waist circumference

BMI was assessed by measurement of height and weight at the
clinical assessment. Height was assessed using a stadiometer with
the head in the Frankfort plane, and weight was assessed using
a portable digital scale (Tanita, Yiewsley, Middlesex, UK). BMI
was calculated as weight (in kilograms)/height (in meters)
squared. For presentational purposes, BMI is categorized to un-
derweight (<20 kg/m?), desired/healthy weight (20-24.99 kg/
m?), overweight (=25-29.9 kg/m?), and obese (=30 kg/m?).
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Waist circumference was measured in the standing position and
unclothed, using a fiberglass tape measure at 600 g tension. The
waist circumference was taken as the smallest circumference at
or below the costal margin. Waist categories used were low waist
(<90 cm in men and 80 cm in women), medium waist (=90-102
cminmen and =80-88 cmin women), and high waist (>102 cm
in men and 88 cm in women) (23).

Covariates

Age, sex, and current or previous employment grade were
assessed by questionnaire. Smoking status (22) was defined as
current smokers vs. the noncurrent smokers. Alcohol consump-
tion was calculated using the units consumed in 1 wk, and high
alcohol intake was assigned if greater than 21 U for men and 14
U for women. Waking time was assessed by participants’ records
on the day of the collection of saliva. Participants were also asked
to record the time of falling asleep the night before sample col-
lection. Sleep duration before cortisol measurement was calcu-
lated from these responses. Time difference between waking and
taking first sample was categorized into 5-min intervals. Self-
rated health was assessed by questionnaire asking the partici-
pants how they rated their health in the past 12 months with
response items “very good,” “good,” “average,” “poor,” and
“very poor.” The Center for Epidemiological Studies Depression
Scale (CES-D) was used to assess depressive symptoms using a
cut point of 16 as reported previously (24). Fatigue was assessed
using the vitality subscale of the Short Form-36 (25). Stress on the
day of cortisol sampling was measured by questions on whether
the participant had experienced a stressful event and, if yes, how
stressful this was. Responses were grouped into the binary cat-
egories “no/not atall” and “somewhat/very stressful.” Financial
insecurity was assessed as described previously by the question
“thinking of the next 10 years, how financially secure do you
feel?” (26). Participants who responded that they felt fairly
insecure and insecure were classified as financially insecure.

Statistical techniques

Sex has been shown to have an effect on adiposity and cortisol
levels. Assessment of the interaction between sex, the two mea-
sures of anthropometry, and the three measures of cortisol se-
cretion revealed no significant interactions (all P > 0.05), and
therefore associations were examined in the total population
with sex entered as covariate. The CAR is calculated as the dif-
ference in cortisol secretion at 30 min after waking and cortisol
at waking. Because of non-normal distribution, cortisol values
were log transformed for analysis of waking cortisol and slope.

Associations between participant characteristics and mea-
sures of adiposity were examined using x> analysis for categor-
ical variables and linear regression for continuous variables (Ta-
ble 1). Linear regression models with waking cortisol and CAR
as the outcome were used to analyze the association with mea-
sures of adiposity, adjusted for age, sex, time of waking on day
of sampling, time since waking, and employment grade as a mea-
sure of social position. All analyses were then tested for nonlinear
effects by using quadratic terms for BMI and waist circumference
(Table 2). Data were also examined using standardized cut
points for BMI and waist circumference, and estimated mean
values for waking cortisol, CAR, and slope in cortisol release
were calculated for each category (Table 2).

The slope of the decline in cortisol levels over the day was
calculated by regressing (log) cortisol values (for samples 1, 3, 4,
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5, and 6) on time after waking. The diurnal slope in cortisol
secretion across the day was derived from a hierarchical linear (or
multilevel) model to predict log cortisol in which measurement
occasion was used as a level 1 identifier and person as a level 2
identifier with sample time (linear and quadratic terms), obesity
measures, and potential confounders as the independent vari-
ables. A negative coefficient for linear sample time indicates a
decline in log cortisol across the day, whereas a positive coeffi-
cient for quadratic sample time indicates that this linear decline
tails off later in the day. The interaction terms between the obe-
sity variables and time (hours) since awakening were included in
models to test whether the cortisol slope differed between the
obesity categories as the day proceeded (see Fig. 2) (Supplemen-
tal Fig. 2, published on The Endocrine Society’s Journals Online
web site at http:/jcem.endojournals.org).

The diurnal slope in log cortisol was estimated from the
multilevel analysis for each person from the overall slope
(which was negative) plus the level two slope residual; lower
(more negative) slopes indicate more rapid the decline in cortisol
levels, whereas slope values closer to zero reflect flatter diurnal
rhythms. These slope estimates were then examined for associa-
tions with generalized and central obesity (see Fig. 1) (Supple-
mental Fig. 1). Confounders were added to the final models to see
whether the effects of the obesity variables on slope in cortisol
secretion were independent of confounding effects.

The data were analyzed using SAS version 14, and multilevel
analysis was done in MLWin version 2.

Results

From the samples returned, 168 individual samples were
not taken by participants, which equates to 0.6% of the
total number of samples expected. During analysis, a total
of 1002 individual samples (3.6 %) were not assayed be-
cause of loss of sample in shipping to the laboratory or low
saliva yield. Participants taking medications that affect
cortisol levels were removed from the analysis (n = 236).
Studies have shown that a delay in taking sample 1 results
in a reduced CAR, because the morning cortisol peak is
already substantially underway (27). In our study, partic-
ipants who reported collecting their first sample more than
10 min after waking (sample 1 taken >10 min; n = 634)
were marginally less likely to be obese compared with
those who reported collecting their sample within 10 min
of waking (P = 0.052). Analyses were therefore conducted
with and without these participants and found not to vary.
Data are presented with all these participants included in
the analyses. When we retained these participants, the
time difference between waking and time of sample col-
lection was included within all models.

The final number of participants with reliable cortisol
and anthropometric measurements is 3956. The mean
BMI of the population is 26.6 kg/m?, and the mean waist
circumference is 94.0 cm in men and 83.6 cm in women;
109 (2.8 %) were underweight, 1375 (34.8 %) had desired/
healthy weight, 1744 (44.1%) were overweight, and 728
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TABLE 2. BMI and waist circumference and cortisol awakening response at phase 7 (2002-2004) of the Whitehall Il

study
Cortisol awakening Slope in
Waking cortisol response cortisol secretion
n (%) (nmol/liter), 95% ClI (nmol/liter), 95% CI (nmol/liter/h), 95% ClI
BMI
Underweight 109 (2.8%) 15.3(13.7,17.1) 8.7 (6.6, 10.8) —0.124 (—0.128, —0.125)
Desired BMI 1375 (34.7%) 14.6 (14.1, 15.0) 7.2(6.6,7.8) —0.129 (—0.130, —0.127)
Overweight 1744 (44.0%) 13.7 (13.3, 14.1) 7.5(7.0,8.1) —0.130(-0.131, —0.129)
Obese 728 (18.4%) 13.7(13.1, 14.3) 7.0(6.2,7.6) —0.126 (—0.128, —0.125)
Test for linear trend P = 0.001 P=10.42 P=0.69
Test for quadratic trend P=0.19 P=10.26 P = 0.005
Waist circumference
Low 1521 (38.5%) 14.5 (14.0, 14.9) 7.4(6.9,7.9) —0.129 (—0.130, —0.128)
Medium 1482 (37.5%) 13.8(13.4, 14.2) 7.3 (6.6, 8.0) —0.129 (-0.130, —0.127)
High 953 (24.1%) 13.5(13.0, 14.1) 7.1(6.3,7.8) —0.128 (—0.129, —0.126)
Test for linear trend P=0.04 P=0.13 P=0.46
Test for quadratic trend P=0.87 P=0.33 P = 0.0002

P values from linear regression with BMI and waist entered as linear and quadratic terms. Means adjusted for age, sex, employment grade, waking
time, and time since waking are from linear regression with generalized or central obesity entered as categorical variables in the models. Cut
points for waist are 80 and 102 cm in men and 72 and 88 cm in women. Cl, Confidence interval.

(18.4%) were obese. For the total population that partic-
ipated in the clinic at phase 7 (n = 6450), 186 (2.9%) were
underweight, 2148 participants (33.3%) had a desired/
healthy weight, 2891 (44.8 %) were overweight, and 1225
(19.0%) were obese and thus are not different from the
participants with reliable cortisol measures.

The participant characteristics by BMI and waist cir-
cumference are shown in Table 1. There were significant
differences observed between the groups. Obese partici-
pants were younger, more likely to be women, and more
likely to be in the lower employment grades. Obese par-
ticipants had a higher weekly alcohol consumption, they
reported poorer self-rated health, more fatigue, less sleep,
and more depressive symptoms, and they felt more finan-
cially insecure. Corresponding differences were apparent
between waist circumference groups.

Table 2 shows that increasing BMI and waist circum-
ference was associated with decreasing waking cortisol.
Both linear terms (test of linear association) and quadratic
terms (test of curvilinear association) were nonsignificant
for the CAR in general linear models. In contrast, qua-
dratic terms were highly significant for slope in cortisol
secretion.

Figure 1 presents the association of slope in cortisol
secretion by BMI. The equivalent data for waist circum-
ference can be found in Supplemental Fig. 1. This clearly
shows that the normal and overweight BMI categories had
the steepest diurnal slope. Thus, compared with BMI of
less than 22 kg/m? or greater than 32 kg/m?, significantly
flatter slopes were apparent than for those between 23 and
31 kg/m?. Similarly shaped associations were apparent for
waist circumference. For both BMI and waist circumfer-
ence, adjustment for health behaviors (smoking, heavy

alcohol intake, and short sleep), health (fatigue, self-rated
health, and depressive symptoms), or “stress” (financial
insecurity and stressful events on the day of sampling)
failed to alter the shape of association with diurnal slope
in cortisol secretion.

Table 3 displays the results of the multilevel model of
diurnal log cortisol regressed on time since awakening
(linear and quadratic terms) and obesity measures. The
average log cortisol on awakening was approximately
3.01 nmol/liter. After 1 h, log cortisol decreased by ap-
proximately 0.17 nmol/liter, although this decrease tails
off later in the day (indicated by the positive coefficient for
the “time squared” term). On awakening, the under-

Body mass index (kg/m2) More adverse slopes
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FIG. 1. Diurnal slope in cortisol secretion (from a 2-class multilevel

model with cortisol sampled at waking, at waking plus 2.5, 8, and

12 h, and at bedtime as level 1 variables and individual as a level 2
variable) by BMI. The figure represents mean slope in cortisol secretion
adjusted for age, sex, last known employment grade, waking time,
and time since waking (squares and continuous line), plus additional
adjustments for alcohol consumption, smoking, poor self-rated health,
short sleep, fatigue, depressive symptoms, financial insecurity, and
stress on day of sampling (dots and dashed line). P < 0.0001 for
quadratic term.
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TABLE 3. Diurnal slope in cortisol secretion by BMI categories, adjusted for confounders and mediators

Diurnal slope in cortisol (samples 1-6, excluding sample 2)

Model A: adjusted for age,
grade, gender, waking time

[Regr. Coeff. (se)]

Model B: model A + health
and health behaviors®
[Regr. Coeff. (s)]

Model C: model B +
psychosocial factors?
[Regr. Coeff. (se)]

3.01(0.10)
—0.17 (0.02)
0.002 (0.001)

Average cortisol (log)
Time (since awakening)
Time squared

Obesity categories

BMI
Underweight BMI Ref.
Desired BMI —0.11(0.07)
Overweight —0.17 (0.07)
Obese —0.16 (0.07)
P for BMI categories <0.01
Interaction of time
(linear term) X BMI
Underweight BMI Ref.
Desired BMI 0.01(0.02)
Overweight 0.01(0.02)
Obese <0.001 (0.02)
P for interaction term <0.01
Interaction of time
(quadratic term) X BMI
Underweight BMI Ref.
Desired BMI —0.001 (0.001)
Overweight —0.001 (0.007)
Obese <0.001 (0.001)

0.05

—2.78(0.09)
—0.17(0.02)
0.003 (0001)

—2.787(0.12)
—0.16 (0.02)
0.003 (0001)

Ref.
—0.12 (0.07) —0.10(0.08)
—0.17 (0.07) —0.15(0.08)
—0.17 (0.07) —0.16(0.08)
<0.01 <0.01
Ref. Ref.
0.02 (0.02) 0.02 (0.02)
0.02 (0.02) 0.01 (0.02)
0.006 (0.02) 0.003 (0.02)
<0.01 <0.01
Ref. Ref.
—0.001 (0.001) —0.002 (0.001)
—0.001 (0.001) —0.001 (0.001)
<—0.001 (0.001) <—0.001 (0.001)
0.07 0.01

Regr. Coeff., Regression coefficient.

@ Alcohol consumption, smoking, poor self-rated health, short sleep, and fatigue.

b Depression symptoms, financial insecurity, and stress on the day of sampling.

weight BMI category had the highest cortisol levels,
whereas the overweight category had the lowest cortisol
levels. There were significant interactions between the
BMI categories and time since awakening (linear and qua-
dratic terms). The patterns of these interaction effects are
displayed in Fig. 2. The multilevel analyses for diurnal
slope were repeated using waist as the measure of adipos-
ity (Supplemental Table 1).

We show that, when categorizing BMI (Fig. 2) and
waist circumference (Supplemental Fig. 2), flatter slopes in
cortisol secretion were caused by a combination of lower
waking cortisol combined with higher evening cortisol
levels in those with increasing obesity. The highest evening
values of cortisol were found in the obese and underweight
groups rather than the desired/healthy weight.

All analyses were repeated after removal of those that
collected their first sample greater than 10 min after wak-
ing and also separately for men and women, and the find-
ings were unaffected.

Discussion

We have shown in a large population of middle-aged peo-
ple that adiposity is associated with cortisol in a nonlinear

manner. The most adverse (flattest) slopes in cortisol se-
cretion are found at the extremes of BMI and waist cir-
cumference, and these effects were apparent after adjust-
ment for a wide variety of covariates. Flat slopes occur as
a result of a combination of lower waking cortisol and
higher evening cortisol in those with generalized or central
obesity. No associations are seen for the CAR.

Previous reports of the association of adiposity and cor-
tisol secretion are mixed (8 -15). Our findings may help to
explain these mixed findings as they suggest that associ-
ations are dependent on whether anthropometry measures
are used continuously or categorized (28) associations
vary with respect to different aspects of cortisol release and
in some cases are nonlinear.

Our findings fail to accord with reports suggesting that
morning cortisol levels are positively correlated with ad-
iposity (8 =10). Neither BMI nor waist circumference were
positively associated with the CAR. Our findings are dif-
ficult to compare with those of Power et al. (15) in which
they described a negative correlation between measures of
anthropometry and cortisol at 45 min and 3.45 h after
waking, but we do find that cortisol secretion at waking is
negatively associated with general and central obesity in
linear analyses. In this regard, our data are somewhat sup-
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of salivary cortisol found here. Addi-
tional research is needed to examine
whether “stress” may underlie the as-
sociation of flat curves at the extremes
of adiposity. Our findings remained in-
dependent of acute stress assessed by
stressful events on the day of sampling.
This measurement of stress was under-
taken on the day of sample collection
only, but literature suggests that
“stressful daily problems” cause some
people to eat more and others to eat less
(32). Accordingly, data from Whitehall
IT suggest that BMI response to work
stress varied by initial BMI status such

2 T
|0t Underveight
24 — \v‘.‘
\'-:—-bNor mal veight
Log
Cortisol
16 =+
og L
0.0 ] | |
0 [ 12 18

: AN % L
avwakening ti me hours since avwakening

FIG. 2. Diurnal slope in cortisol secretion (from a 2-class multilevel model with cortisol
sampled at waking, at waking plus 2.5, 8, and 12 h, and at bedtime as level 1 variables and
individual as a level 2 variable) by obesity status. Figure represents mean cortisol secretion
adjusted for age, last known employment grade, waking time, and time since waking

estimated from Table 3. P < 0.0001 for quadratic term.

portive of Power et al. (15) and Ranjit ez al. (14) who also
described diminished morning cortisol associated with
obesity and may explain the failure by Vreeberg et al. (16)
to find a linear association between BMI and diurnal cor-
tisol secretion in a healthy community-based cohort. Our
findings of a nonlinear association of slope in cortisol re-
lease are difficult to compare with previous reports. Step-
toe et al. (10) failed to find an association of cortisol during
the day with adiposity. In our analyses, when obesity was
conventionally categorized, the flatter slope in cortisol
was composed of a generally lower mean morning cortisol
and raised cortisol at bedtime in those classified as obese
compared with the rest of the population. It is possible that
averaging data from samples collected in the afternoon
and evening may serve to obscure this diurnal effect.
The potential pathways by which adiposity is related to
the HPA axis are numerous, and the literature is unclear
about the mechanisms that could be mediating the effect
(29). Our findings of U-shaped curves suggest that bidi-
rectional and or multiple feedback and control mecha-
nisms may mediate the associations between HPA and
obesity. These may include both central and peripheral
mechanisms. Our findings of a nonlinear association be-
tween anthropometry and cortisol secretion were robust
to adjustment for a number of potential mediators, in-
cluding health behaviors and psychosocial or psycholog-
ical factors. It has been suggested that adipocytes them-
selves may be a source of cortisol through local conversion
of cortisone (30, 31). Our findings suggest that this is
unlikely to make a substantial contribution to the pattern

that those that experienced work stress
and had low BMI at baseline declined in
BMI by year 5 of follow up, whereas
those that experienced work stress and
had high BMI at baseline experienced a
rise in BMI (33). Thus, groups that ex-
perience work stress either gain or lose
weight depending on initial status.
These patterns have not been described for waist circum-
ference. It is problematic to investigate the role of work
stress in the population under investigation here because
42% of men and 49% of women were retired at the time
of cortisol sampling, 19 yr after the baseline for the White-
hall I study. Central adiposity is associated with “stress
eating” in women (34), and Vicenetti et al. (35) also de-
scribe increased cortisol in 14 women that gained weight
in response to stress compared with 21 controls.

Interestingly, the pattern of association between BMI
and diurnal slope in cortisol mirrors the recently de-
scribed associations of BMI and mortality (8) and waist
circumference and mortality (36). It is unclear whether
a flatter slope in cortisol is attributable to stress-related
elevations, resulting from a stressful day, or long-term
changes in circadian regulation as a result of chronic
stress. A flattened slope may reflect reduced feedback in
the HPA axis, and our findings accord with this (37) and
evidence of altered HPA function in overeating and un-
dereating syndromes (38). However, given the nature
and age of the cohort, we speculate that the prevalence
of these syndromes is likely to be low in our population.
A flattened slope in cortisol secretion is a risk factor
because it has been related to earlier mortality in cancer
patients (8). The prognostic properties of cortisol se-
cretion for disease and mortality remain to be deter-
mined in our cohort.

The strengths and weaknesses of our study need to be
considered. This is a large study with an excellent response
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rate that allows us to examine potential nonlinear asso-
ciations. Indicators suggest that the participants under-
stood the instructions and took samples in the correct
manner, confirming the reliability of the dataset. A large
number of possible confounders are measured and ad-
justed for, and the results are still significant. The White-
hall I study is an occupational cohort of civil servants,
and, although not representative of the general United
Kingdom population, it is likely that the observed associ-
ation between adiposity and cortisol rhythm is free of sub-
stantive bias. Sample collection times were obtained by
self-report, but evidence suggests that people are generally
accurate in their data collection (39). It has been reported
that cortisol secretion assessed on a single day only ob-
scures the CAR to situational rather than chronic corre-
lates (40), but speculatively, this should have greater rel-
evance to psychological or psychosocial correlates than
objective biomeasures. Our findings are from cross-sec-
tional analyses, and so we cannot ascertain whether the
low or high levels of obesity have caused changes in cor-
tisol secretion or vice versa.

In conclusion, these results indicate that the association
of salivary cortisol and adiposity is nonlinear in a cohort
of middle-aged men and women. The mechanisms by
which these associations occur remain to be determined
but appear not to involve confounding by social position
or health.
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