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Summary The accurate indication of saliva collection time is important for defining the diurnal
decline in salivary cortisol as well as characterizing the cortisol awakening response. We tested a
convenient and novel collection device for collecting saliva on strips of filter paper in a specially
constructed booklet for determination of both cortisol and DHEA. In the present study, 31 healthy
adults (mean age 43.5 years) collected saliva samples four times a day on three consecutive days
using filter paper collection devices (Saliva Procurement and Integrated Testing (SPIT) booklet)
which were maintained during the collection period in a large plastic bottle with an electronic
monitoring cap. Subjects were asked to collect saliva samples at awakening, 30 min after
awakening, before lunch and 600 min after awakening. The time of awakening and the time
of collection before lunch were allowed to vary by each subjects’ schedule. A reliable relationship
was observed between the time recorded by the subject directly on the booklet and the time
recorded by electronic collection device (n = 286 observations; r2 = 0.98). However, subjects did
not consistently collect the saliva samples at the two specific times requested, 30 and 600 min
after awakening. Both cortisol and DHEA revealed diurnal declines. In spite of variance in
collection times at 30 min and 600 min after awakening, the slope of the diurnal decline in
both salivary cortisol and DHEA was similar when we compared collection tolerances of �7.5 and
�15 min for each steroid. These unique collection booklets proved to be a reliable method for
recording collection times by subjects as well as for estimating diurnal salivary cortisol and DHEA
patterns.
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1. Introduction

The hypothalamic pituitary adrenal axis (HPA) has been
implicated in many homeostatic regulatory processes, most
importantly the stress response (McEwen, 2003). Use of
saliva for assessing steroid hormones has increased drama-
tically over the past two decades (Hellhammer et al., 2009;
Laudenslager et al., 2005) and continues to increase expo-
nentially. Increased use of saliva for assessing steroids is
related to its relative ease of collection. Saliva samples can
be easily collected in a laboratory setting for measuring the
acute response to laboratory stressors (Dickerson and
Kemeny, 2004) as well as in the home environment for
epidemiological investigations which track the diurnal
release (Adam and Kumari, 2009). However, these
approaches are not without problems including protocol
adherence which varies with specific instructions provided
to the subjects, number of days of sample collection, as
well as subject age (Halpern et al., 2012). The character-
istics of the diurnal cortisol pattern may be affected by
factors including early trauma (Gunnar and Vazquez, 2001)
and/or psychopathology (Bao et al., 2004; Young et al.,
2002).

The diurnal pattern of cortisol is further distinguished by a
rapid rise in cortisol level that peaks approximately 30—
40 min after awakening, known as the cortisol awakening
response (CAR) (Chida and Steptoe, 2009; Clow et al., 2004;
Hucklebridge et al., 2005) with a subsequent decline through
the day to an early evening nadir (Oskis et al., 2009). The CAR
and diurnal decline are thought to be under control by
different CNS systems (Chida and Steptoe, 2009). The decline
over the course of the day can be affected by acute and/or
chronic stressors (Gunnar and Quevedo, 2007). The decline
may be steep, flat and low, flat and high, as well as slowly rise
after awakening (Miller et al., 2007). The diurnal pattern is
influenced by adherence when specific collection times are
fixed by study instructions (Broderick et al., 2004; Kudielka
et al., 2003). The nature of the CAR is affected by a number
of complex factors which can lead to increases or decreases
in its magnitude (Chida and Steptoe, 2009). Disruption of the
diurnal decline may have important predictive value with
regard to multiple outcomes (Kumari et al., 2011; Spiegel,
2012). Salivary cortisol remains an important marker of stress
activation in the individual (Hellhammer et al., 2009;
Kudielka and Wust, 2010) but less is known with regard to
diurnal salivary dehydroepiandrosterone or DHEA.

DHEA is often considered as counter-regulatory to corti-
sol (Kahl et al., 2006; Netherton et al., 2004) and reveals a
similar diurnal pattern with DHEA in saliva highest in the
morning with a nadir in late evening similar to cortisol.
Unlike cortisol, salivary DHEA lacks an awakening rise (Huck-
lebridge et al., 2005) but similar to cortisol, DHEA is influ-
enced by factors such as psychopathology (Goodyer et al.,
2000; Ritsner et al., 2004; Shirtcliff et al., 2007). Lower
morning levels of DHEA have been linked to depression as
well as risk for affective disorders and schizophrenia (Gal-
lagher et al., 2007; Goodyer et al., 2003; Kahl et al., 2006).
In the context of the long term goals for a study of caregiver
distress, depression, and intervention efficacy (Laudensla-
ger et al., in preparation), the ability to characterize diurnal
salivary cortisol as well as DHEA was fundamental to that
project.
Notwithstanding the many important advances that have
been made using home based saliva collection (Hellhammer
et al., 2009), adherence to protocol remains problematic
(Adam and Kumari, 2009; Broderick et al., 2004; Hellhammer
et al., 2007; Nater et al., 2007). Herein, the term ‘‘adher-
ence’’ as opposed to ‘‘compliance’’ refers to the extent to
which a subject’s behavior coincides with study instructions
(Lutfey and Wishner, 1999). When collecting saliva, the
subject must adhere to study instructions including the time
of collection, eating and drinking restrictions, transportation
and handling of the sample such as refrigeration and/or
freezing. The feasibility and reliability of salivary cortisol
measured in the natural environment have been mixed
(Adam and Kumari, 2009; Halpern et al., 2012). Typical
collection packages include instructions, cotton roll devices
for collecting and receptacles for the wetted cotton roll, a
straw, or a vial for passive drool collection. A log book for
recording time of collection is typically included with the
collection device(s). The subject burden can be substantial
adding to the likelihood of non-adherence. Various methods
including color-coding, phone call reminders, face to face
meeting, and electronic monitoring devices have been uti-
lized to increase subject adherence.

Adherence with collection procedures is particularly cru-
cial for accurate assessment of the CAR. The maximum CAR,
occurring within a narrow window of 30—45 min after awa-
kening, may be specifically sensitive to non-adherence (Kunz-
Ebrecht et al., 2004; Pruessner et al., 1997; Hellhammer
et al., 2007). Non-adherent subject may show a blunted CAR
as well as reduced diurnal decline which may be misleading
(Broderick et al., 2004; Kudielka et al., 2003). In addition
there are a variety of psychosocial influences with different
effects (Chida and Steptoe, 2009). The effect of non-adher-
ence can be significant contributing as much as 30—40% of the
variance (Almeida et al., 2009; Cohen et al., 2006). Other
concerns include the accurate identification of true awaken-
ing time (Smyth et al., 2012). For example, do subjects
consider awakening the time their eyes open at the sound
of an alarm or define it otherwise? Novel approaches that
facilitate reliable home-based collection are essential to
move the field forward. We developed and validated the
use of filter paper for collecting salivary cortisol from high
risk infants hospitalized on a neonatal intensive care unit
(Neu et al., 2007). Importantly this approach is not burdened
by a requirement of sample refrigeration and can be stored
dried at room temperature for an extended period without
sample degradation. This opens up other situations in which
this approach could be effectively applied (D’Anna-Hernan-
dez et al., 2011; Kivlighan et al., 2008; Laudenslager et al.,
2009). For adult studies we developed a novel packaging
approach for collection of saliva samples in an organized,
compact, and convenient manner that permitted recording
of collection time directly on the collection booklet and not
on separate log sheets. Improved methods for ensuring sub-
ject adherence are crucial for adult populations, particularly
older groups (Kraemer et al., 2006). Accuracy of collection
times indicated by subjects using our collection booklets has
not been directly verified using electronic monitoring caps.
The present study addressed several questions: (1) what is
the agreement between the subject’s recordings of sampling
times compared to the times recorded by an electronic
monitoring cap? (2) are subjects adherent to specific post
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awakening sampling times required by protocol? (3) what are
the changes of cortisol and DHEA over time, and (4) does lack
of adherence to the sampling protocol at specified times
influence estimates of the change over time (e.g. the diurnal
slope)?

2. Methods

2.1. Subjects

Thirty-two healthy subjects aged 24—71 years (mean age
43.5 � 12.4 (SD) years, 26 female) were initially recruited via
university advertisements to collect saliva samples in their
home environment. Inclusion criteria included medication
free except for the use of over the counter medications (e.g.
vitamin supplements or pain relievers), free of dental dis-
ease, and generally medically healthy by self-report. Exclu-
sion criteria included any psychiatric illness in the past 18
months as well as use of any steroid medications including
over the counter topical preparations or those prescribed by
a physician. Twenty-three subjects were Caucasian, four
Hispanic/Latino, three African-American, and two Asian/
Oriental/Pacific Islander. Twenty-one subjects were married,
five single, one divorced, and five widowed. Thirty-one sub-
jects completed high school and 29 completed at least some
college level studies. Thirteen subjects earned $25,000—
$44,999 in annual income, six earned less than this range,
and 13 earned greater than $49,999 of which 8 earned
greater than $65,000 per year. Twenty-seven subjects were
employed full-time. One male subject showed unusually high
cortisol and DHEA levels and was subsequently dropped when
her saliva samples indicated blood contamination in multiple
samples based on positive transferrin results (No. 1-1302,
Salimetrics, LLC, State College, PA). The final study popula-
tion was 31. All subjects provided informed consent and were
Figure 1 Schematic drawing of the Saliva Procurement and Integra
can be constructed to hold up to 8 filters for collecting saliva samp
provided a monetary reimbursement for participation. This
study was approved by the Colorado Multi-Institutional
Review Board.

2.2. Study protocol

Subjects were provided both written and verbal instructions
regarding study protocol during consent with occasional
telephone follow-up. Subjects agreed to collect saliva sam-
ples on three consecutive typical days. Specified sample
collection times were upon awakening (AW), 30 min post
awakening (AW30), before lunch (L), and 10 h after awaken-
ing (AW600). The AW and L samples were free to vary with
each subject’s personal schedule. ‘‘Awakening’’ was defined
as when the subject placed their feet on the floor and got out
of bed. Hitting the snooze button and rolling back over did
not count as awakening for this study. Saliva collection
supplies were contained in an electronic monitoring device
and provided to each subject. One Saliva Procurement and
Integrated Testing (SPIT) booklet described below was pro-
vided for each day and labeled with a tab indicating the
specific day of collection.

2.3. Saliva collection

Saliva was collected using the same filter paper material as
previously described (Neu et al., 2007). In brief, collection
filters (Whatman grade 42 filter paper, 2.54 cm � 9.0 cm, GE
Healthcare, Waukesha, WI) were assembled in a SPIT booklet
that contained four filters for a single day of collection.
Booklets were labeled for collection at awakening, 30 min
after awakening, before lunch, and 10 h after awakening
with a corresponding time for the subjects to record their
time of collection on the booklet as indicated in Fig. 1.
Individual filters were separated in the SPIT booklet by waxed
ted Testing (SPIT) booklet with photograph inset. A SPIT booklet
les.
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weigh paper (Whatman Grade B2 Parchment Paper, GE
Healthcare, Waukesha, WI) cut slightly larger than the filters
to prevent cross contamination between adjacent filters.
Each collection time was color-coded to ensure that the time
recorded on the cover corresponded with the correct wetted
filter. Matching color tabs (‘‘Stickies’’ Tape Flags,
11.9 mm � 43 mm, Staples, Farmington, MA) were placed
on the waxed paper dividers behind the correct filter match-
ing the color on the booklet cover as well as color dots
(#5790, Avery, Pasadena, CA). For example, awakening time
had a yellow dot sticker on the filter and a yellow highlighted
box on the cover for recording collection time. Card stock
paper (110 lb, Staples, Framingham, MA), was cut the same
size as the waxed paper for front and back covers of the
booklet. A space on the cover allowed the subject to indicate
bedtime the previous evening. The back cover included filter
lot number to later account for absorbance variation
between lots (Neu et al., 2007). The separate sheets in
the SPIT booklet were carefully aligned and secured with a
single staple at the top of the SPIT booklet.

Subjects were instructed to saturate the filter paper
specified for that collection time with saliva at least half
way up the filter strip by placing it in their mouth and on their
tongue for 10—20 s and soaking it with saliva. They were told
that licking was not adequate. They were instructed that
once the filter paper appeared translucent, it was considered
adequately wet. If any non-translucent white spots remained
in the lower half, subjects were asked to return the filter to
their mouth until adequately wet. The filter was removed
from their mouth while carefully wiping any excess saliva
from the surface with their lips. This process took less than
90 s. Subjects were instructed to return the SPIT booklets to
the plastic bottle and secure the MEMS cap after each
sampling. The filters in the SPIT booklets were allowed to
dry in the bottles at room temperature. Subjects were
provided standard verbal and written instructions to ensure
reliable collection. Additionally the subjects wet a practice
filter during the individualized instruction to ensure they
understood the proper wetting procedure. Subjects were
asked to always collect samples before eating, before brush-
ing their teeth and at least 15 min after drinking any fluid.
They were also instructed to remove any cosmetic lip pro-
ducts. Only Trident Original Flavor Sugarless gum could be
used when needed as a saliva stimulant.

Subjects were instructed to record the time of sampling
immediately on the SPIT booklet cover in a specific area as
indicated in Fig. 1. Instructions were given emphasizing the
importance of recording the exact clock time even if it was
not the requested time. If they missed a collection they were
trained to move to the next filter in the booklet for the next
collection time. Objective sampling times were recorded
using an electronic monitoring device (MEMS 6 SmartCap,
38 mm, AARDEX Group, Switzerland). The MEMS SmartCap
was placed on a plastic medicine bottle (HPDE Wide-mouth
160 ml bottle, Fisherbrand, Waltham, PA) containing three
complete SPIT booklets labeled Day 1, 2, and 3. The bottle
had multiple 0.5 cm holes placed in all surfaces to ensure
complete and adequate drying of the filters in the SPIT
booklets. Storage of the filter device in air tight containers
interfered with assay reliability. Subjects were instructed to
store the booklets within this device and keep the cap sealed
between each use. It was emphasized that they were to open
the bottle only to remove the SPIT booklet and to return the
booklet to the bottle for the protection of the booklet
between sampling times. This was to ensure that our gather-
ing of sample time was without their knowledge. Each time
the bottle was opened a time stamp was recorded and an
electronic number on the cap incremented by one indicating
the number of bottle openings. Subjects were demonstrated
in the proper use of the device but were not informed that
the device was recording the actual clock time. In addition, a
sleep diary was provided to be completed each morning with
regard to awakening time, bed time, latency to fall asleep,
use of sleep medications, arousal during the night, and
overall quality of sleep. Bottles containing the SPIT booklets
were returned to the laboratory by the subjects within one
week of collection.

Time of awakening reported by the subject on the SPIT
booklet as well as in the sleep diary which was further
confirmed by actigraphy. Subjects wore either a GT1M or a
GT3X + Tri-Axis Activity Monitor (Actigraph, Pensacola, FL) on
their non-dominant arm during the time of saliva collection.
Time of awakening was determined either by Actilife Version
5 software (Actigraph, Pensacola, FL) for the GT3X+ or the
GT1M output was hand scored (GT1M) using the same scoring
algorithm (Cole et al., 1992).

2.4. Hormone assays

Dried filters from the SPIT booklets were extracted as
described previously (Neu et al., 2007). Filters were carefully
cut to reflect a saliva volume of 100 ml (based on calibration
of filter paper lot) and extracted in 0.25 ml of assay buffer
from the commercial kit. Microcentrifuge tubes containing
the cut filters and assay buffer were shaken overnight at room
temperature. Extraction buffer (25 ml for cortisol and 50 ml
for DHEA) was added in duplicate to the wells of the specific
assay plate. The extraction process dilutes the saliva based
on the absorbance characteristics of each lot of filter paper
which is adjusted for each lot.

Salivary cortisol concentration in the extraction fluid was
determined using a commercial expanded range high sensi-
tivity EIA kit (No. 1-3002/1-3012, Salimetrics, LLC, State
College, PA) that detects cortisol levels in the range of
0.083—82.77 nmol/L (0.003—3.0 mg/dl). Standard curves
were fit by a weighted regression analysis using commercial
software (Gen 5, Biotek Instruments, Winooski, VT) for the
plate reader (PowerWave 340, Biotek Instruments, Winooski,
VT). From these curves, unknown values were determined.
The antibody in this kit shows minimal cross reactivity with
other steroids present in the saliva (less than 0.1% or better
with the exception of prednisolone [9.5%] and dexametha-
sone [1.3%]). As many samples as practical were run in the
same assay. An individual’s saliva samples were not split
across different assay plates when possible. Samples with
duplicate CVs greater than 10% were rerun in triplicate and
the median value of the triplicate rerun was reported. An
internal laboratory control was run on every plate for deter-
mination of inter- and intra-assay coefficients of variability,
which were 7.34 and 2.92%, respectively, for cortisol. After
accounting for dilution associated with extraction, the lower
detection limit for cortisol measured on filters was
0.52 nmol/L (0.019 mg/dl).



Figure 2 Subjects’ written report of time of collection was
nearly identical compared to time recorded by the MEMS device.
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Non-sulphated salivary DHEA was determined using a
commercially available high sensitivity EIA kit (No. 1-1202/
1-1212, Salimetrics, LLC, State College, PA) according the
manufacturer’s directions. The range of this assay is 0.0347—
3.47 nmol/L (10—1000 pg/ml). Standard curves were fit by a
weighted regression analysis as described above. This anti-
body shows minimal cross reactivity (less than 0.001% or
better) with other steroids present in the saliva. Inter- and
intra-assay coefficients of variability were 12.48 and 3.84%,
respectively, for DHEA. After accounting for dilution asso-
ciated with extraction, the lower detection limit for DHEA
measured on filters was 0.108 nmol/L (31 pg/ml).

In a small revalidation study of DHEA collected on filter
paper, a pooled saliva control sample was dried on the filter
papers which were stored at room temperature after drying
for periods of 3, 6, and 9 months. The concentration of DHEA
on the dried and extracted filter samples did not differ from
the corresponding saliva sample stored at �70 8C ( p > .1 by
paired t-test) as we have noted for cortisol. Secondly filter
samples wet from the same saliva pool, representing a log
unit range of DHEA concentrations (0.174—1.562 nmol/L),
were compared and found to be highly correlated (r = .95,
n = 36). These validation studies for DHEA collected on filter
paper confirmed our prior observations for cortisol using this
same collection protocol (Neu et al., 2007).

2.5. Statistical analysis

Agreement between written and MEMS times was established
using a mixed effects regression model (Laird and Ware,
1982; PROC MIXED, SAS v9.2, Cary, NC) with a random inter-
cept. This model accounted for repeated samples from the
same subject. Since MEMS time was considered exact, it was
treated as the independent variable in the regression model.
Subject recorded clock time on the SPIT booklet converted to
minutes from awakening was the outcome. For all tests p
values <0.05 were considered statistically significant.

A separate mixed effects model with a random intercept
was used to test whether differences in the MEMS and written
times were related to collection day and/or collection time.
The outcome was the difference in minutes between the
MEMS and written times on the SPIT booklet. Differences
greater than 60 min were assumed to be indicative of a MEMS
cap error (e.g. the subject did not adequately replace the
cap to reset the timer which was verified by subjects) and
trimmed from the analysis dataset. This occurred in 15
instances out of a total of 286 samples; only two were from
the same subject.

Adherence to a specified collection time was determined
only for the AW30 and AW600 samples since the awakening
(AW) and lunch (L) sample were allowed to vary to accom-
modate to the individual’s schedule. Two different estimates
of adherence were investigated: (1) whether samples were
within �7.5 min of a specified collection time and (2)
whether samples were within �15 min of the requested
collection time based on prior studies of saliva collection
adherence (Jacobs et al., 2005; Kudielka et al., 2003). The
percentage of subjects adherent at each sampling point was
calculated. Mixed effects models with a random intercept
were used to test whether the difference in the written and
requested times differed by day or time of collection.
The patterns of change over the day for both cortisol and
DHEA were estimated using piecewise linear mixed effects
models (PROC MIXED, SAS v9.2, Cary, NC). A separate model
was fitted to each hormone. The model allowed for a differ-
ent rate of change in hormone levels between AW and AW30
(CAR) and after AW30 through AW600 (the diurnal decline)
which for cortisol takes into account differences due to
underlying mechanisms (Clow et al., 2010). The cortisol
and DHEA levels were log (base-e) transformed prior to
analysis to account for the skew that exists in hormone
concentration levels (Adam and Kumari, 2009). Although
various ways to incorporate correlations between the obser-
vations on the same subject were investigated, the model
presented only included a random intercept as it most ade-
quately quantified the correlations between the subject’s
cortisol values. We present two rates of change from the
model, the % change in hormone levels prior to AW30, an
estimate of the CAR (Chida and Steptoe, 2009; Clow et al.,
2010), and the % change in hormone levels after AW30, an
estimate of the diurnal decline. In all models, the times
recorded by the subjects were used to indicate time of
observation. To investigate the effect of protocol adherence
on these estimates, we fitted two models: (1) excluding all
observations at AW30 and AW600 that were not adherent
within a �7.5 min protocol window and (2) excluding all
observations at AW30 and AW600 that were not adherent
within a �15 min protocol window.

3. Results

3.1. Electronic versus subject recorded times

It was found that this population of subjects was highly
reliable in recording time of waking as well as time of saliva
collection. Time recorded by the subjects on the sleep dairy
and the time of awakening estimated by actigraphy were
highly related (Pearson r = .96, n = 77, p < 0.001). The
recorded time in the sleep diary and SPIT booklet times were
also strongly related (Pearson r = .999, n = 75, p < 0.001).



Table 1 Summary of differences in MEMS and written times by day and sample.

Sample Day 1 Day 2 Day 3

N Mean (SE) Median N Mean (SE) Median N Mean (SE) Median

MEMS time-book
time (in min)

AW 28 2.4 (1.1) 2.0 22 5.5 (2.4) 1.5 22 4.6 (2.0) 2.0
AW30 26 21.6 (8.5) 7.0 21 17.1 (8.2) 2.0 20 6.3 (4.3) 1.0
L 26 3.2 (2.9) 1.0 25 13.2 (11.7) 0 23 1.8 (9.2) 1.0
AW600 26 0.4 (1.7) 0 23 17.5 (8.6) 3 25 �0.8 (5.8) 0

MEMS time-book
time (in min)

Trimmeda

AW 28 2.4 (1.1) 2.0 22 5.5 (2.4) 1.5 22 4.6 (12.0) 2.0
AW30 23 7.9 (2.9) 1.0 19 7.5 (4.3) 1.0 19 2.3 (1.6) 1.0
L 26 3.2 (2.9) 1.0 22 �5.8 (3.2) 0 20 �1.3 (3.6) 0.5
AW600 25 0.4 (1.7) 0 20 3.5 (3.2) 0.5 23 �2.1 (2.4) 0

a Differences > 60 min deleted due to suspected MEMS cap error.
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Therefore time reported by the subject on the SPIT booklet
was used in all subsequent analyses.

Similarly, there was strong agreement between MEMS and
subject recorded times (intercept = �3.78 min (SE 5.2;
p = 0.47), slope = 0.99 (SE 0.07; p < 0.0001)). The insignif-
icant intercept means that the times recorded on the SPIT
booklet and recorded by the MEMS device were on average
identical and the slope means that a one minute increase in
MEMS time corresponded with a 0.99 (SE = 0.0) min increase
in times recorded on the SPIT booklet ( p < 0.0001) as shown
in Fig. 2. After excluding suspected MEMS errors associated
with failure to close the cap completely or leaving the bottle
open (trimmed data), recording accuracy (MEMS — written
time) did not differ significantly by day of collection
( p = 0.31). However, recording accuracy did significantly
differ by time of day ( p = 0.0047). The mean discrepancy
between MEMS and subject recorded times was highest and
significantly different from zero for the AW30 ( p = 0.0076;
mean = 6.2 min, SE = 2.3; all data across days is shown in
Table 1). The average recording accuracy did not differ from
zero for any of the other collection times ( p > 0.05).

3.2. Collection time adherence

Collection time adherence was high for AW30 (80% for
�7.5 min), while AW600 was far poorer (41% for �7.5 min)
(Table 2). On average, the number of minutes discrepancy
Table 2 Percent of subjects adherent based on total number mee
criteria of �7.5 and �15 min by day and specified sample time.

Mean across
sampling day
% adherent
(# adherent/total)

Day
% a
(# 

Overall adherence within �7.5 min
without regard to specified time

66 (105/170) 62

AW30 80 (72/90) 81
AW600 41 (33/80) 39

Overall adherence within �15 min
without regard to specified time

74 (127/170) 77

AW30 96 (86/90) 100
AW600 51 (41/80) 50
between the written time and requested collection time was
22 min (SE = 4.7) across all points. However, the discrepancy
was higher (43.2 � 9.4 min) for AW600 compared to AW30
(3.5 � 0.2 min) which was significant ( p < 0.0001). That is to
say, subjects collected their sample approximately 43 min
after AW600 compared to only 4 min after AW30. There was
no difference in discrepancy across days for either time
( p = 0.19 for AW30; p = 0.86 for AW600). To summarize,
adherence with collection instructions and recorded time
using the SPIT booklets was quite accurate for providing
accurate collection time on the SPIT booklet cover but less
so for collecting at specified times, 30 min or 600 min after
awakening.

3.3. Cortisol and DHEA patterns over time

For these medically and psychologically healthy subjects,
there was an average 11% (95% CI: �12%, 40%) increase in
cortisol levels between AW and AW30 that however was not
significant ( p = .37) when all data without respect to adher-
ence was included (Fig. 3 and Table 3). The percentage
increase/30 min in cortisol was greatest between AW and
AW30 (+22%/min; 95% CI: �2%, 52%), e.g. the CAR, when
using the strictest definition of adherence (only within
�7.5 min). However this increase only approached signifi-
cance ( p = 0.08). There was however a significant decrease in
salivary cortisol between AW30 and AW600 regardless of
ting criteria/total number of samples available for adherence

 1
dherent
adherent/total)

Day 2
% adherent
(# adherent/total)

Day 3
% adherent
(# adherent/total)

 (37/60) 56 (30/54) 68 (38/56)

 (26/32) 76 (22/29) 83 (24/29)
 (11/28) 32 (8/25) 52 (14/27)

 (46/60) 69 (37/54) 79 (44/56)

 (32/32) 90 (26/29) 97 (28/29)
 (14/28) 44 (11/25) 59 (16/27)



Figure 3 The diurnal decline in salivary cortisol is given in panel A and DHEA in panel B. This includes regression lines for the complete
data for all subjects without regard to adherence (black line) and those subjects adherent to the collection time +7.5 min (green line)
and those adherent to +15 min (red line). There was no difference between these curves. (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of this article.)
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adherence criteria. For each hour after AW30, cortisol levels
fell an average of 11%/h. ( p < 0.0001; 95% CI: �13%, �9%)
when all data were included in the model. This estimate
remained stable and significant when investigating the effect
of adherence on the estimates (range of change: 11—15%
decrease; p < 0.0001 in all models).

Unlike salivary cortisol, DHEA levels decreased signifi-
cantly from awakening to AW30 ( p < 0.0001). From awaken-
ing to +30 min DHEA continued to decline after AW30 but at a
slower rate ( p < 0.0001). Between AW and AW30 DHEA levels
changed an average of �45%/30 min (95% CI: �54%, �33%;
p < 0.0001). For each hour after AW30, DHEA levels changed
an average of �8%/h (95% CI: �11%, �6%; p < 0.0001). These
results were not altered regardless of adherence to the
sampling protocol (Table 3). To summarize, the slopes of
the diurnal decline of both salivary cortisol and DHEA were
not significantly affected by adherence in collection at the
two protocol specified times 30 min and 600 min after awa-
kening. The similarity of the curves including all data regard-
less of adherence as well as the �7.5 and 15 min adherence
criteria are shown in Fig. 3.
Table 3 Rates of change in cortisol and DHEA between awaking

Model inclusion % Change/30 min (0—30 min)
Awaking response

AW30 

Estimate (95% CI) p-value Estima

Cortisol
All data 11.14 (�11.65, 39.80) 0.37 6.27 (5
Comply 15 min 13.73 (�8.49, 41.35) 0.24 6.47 (5
Comply 7.5 min 21.66 (�2.44, 51.73) 0.08 6.94 (5

DHEA
All data �44.64 (�53.98, �33.41) <0.0001 0.76 (0
Comply 15 min �43.27 (�53.03, �31.47) <0.0001 0.79 (0
Comply 7.5 min �42.47 (�52.51, �30.30) <0.0001 0.80 (0
4. Discussion

The present observations provide additional confirmation of
the successful use of filter paper saliva collection for steroid
assessment but as delivered in a convenient and compact
booklet rather than as separate strips (Neu et al., 2007). The
utility of the SPIT booklets for assessing DHEA using this filter
matrix was also indicated. More importantly for this repre-
sentative adult age group (24—71, mean age 43.5), collection
times recorded by the subject on the booklet were a reliable
indication of the actual time of collection based on MEMS
verification. However when a specific collection time was
defined by the study protocol (30 min and 600 min after
awakening), the actual time of collection relative to speci-
fied time (e.g. adherence) was less reliable for samples
collected later in the afternoon. This is not surprising in light
of the fact that the subjects had to remember to collect the
samples in a setting often outside of their home. The use of an
alarm could improve the late day sampling but our intention
is to minimize subject inconvenience. The important point
which we emphasize to every subject is if they miss a specific
 and +30 min and from +30 min to +600 min.

(intercept in nmol/L) % Change/h (after 30 min)
Diurnal decline

te (95% CI) Estimate (SE) p-value

.17, 7.60) �11.34 (�13.80, �0.81) <0.0001

.30, 7.89) �13.37 (�15.94, �10.72) <0.0001

.70, 8.45) �14.63 (�17.51, �11.66) <0.0001

.61, 0.95) �8.32 (�10.55, �6.03) <0.0001

.63, 0.98) �10.44 (�12.81, �8.00) <0.0001

.65, 1.00) �10.76 (�13.45, �7.98) <0.0001
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time that is okay, just to be as accurate as possible in
recording the time when they actually collect the sample.

Most importantly, the relationship describing the diurnal
pattern as indicated in Fig. 3 was not significantly affected by
variation in adherence with a specified time of collection.
There are various ways that the diurnal pattern can be
calculated. We confirmed our finding by using the waking
time as our anchor as suggested in Kraemer et al. (2006). As
expected the estimated decline was slightly attenuated
(8.5% compared to 11%), but this result was also not sensitive
to inclusion of 600 min samples that did not adhere to pro-
tocol. The absolute discrepancy between subject recorded
and MEMS recorded times may be related to differences
between the timepiece on which the subject based the time
they entered on the booklet and the MEMS device. Timing
devices were not synchronized to avoid informing the subject
of the purpose of the MEMS cap during the collection period.
This probably contributed to the small differences between
the subject recorded and MEMS times (3.8 min). Adherence
with specific collection times may be crucial for example
when the area under the curve (AUC) is computed between
fixed time points (D’Anna-Hernandez et al., 2011; Gordis
et al., 2006; Pruessner et al., 2003). However this depen-
dency can be minimized by modeling change overtime as we
applied herein and computing average AUC from the model
estimates for a common time interval. The present study
shows that we obtain stable estimates of the diurnal rate of
change in the population in spite of varying degrees of
adherence as long as time is accurately recorded.

Although the modest increase in salivary cortisol from
awakening to +30 min (22% increase/30 min in the piecewise
model within the �7.5 min adherence window) or CAR was
not significant, the pattern differed significantly from that
noted for DHEA which declined significantly (�45%/30 min)
during the same time period confirming a lack of morning rise
in DHEA (Hucklebridge et al., 2005). The absence of a sig-
nificant CAR is somewhat surprising. Typically researchers
collect saliva samples more frequently when assessing the
CAR, such as every 15 min beginning with waking, +15, +30,
and +45 min (Chida and Steptoe, 2009; Clow et al., 2010;
Stalder et al., 2011). The lack of a significant CAR in the
present study may be related to the sampling protocol in
which saliva samples were collected, e.g. only once in the
post awakening period at approximately 30 min. It has been
suggested that when the CAR is based on the difference
between waking and 30 min after awaking, samples should
be collected on as many as six days (Hellhammer et al.,
2007). A recent meta-analysis has also indicated that a
number of psychosocial variables also contribute to the
CAR moving it in divergent directions, ranging from stress
leading to a larger rise and positive affective states or PTSD
leading to a reduced or absent CAR (Chida and Steptoe,
2009). The present subjects did not represent a distressed
population. Of all possible individual observations (n = 96) of
the difference between awaking and +30 min, 64.6% of the
observations showed an increase, 2.1% showed no change,
and 32.3% showed a decline. As expected, salivary cortisol
declined significantly about 0.15%/min from AW30 until the
late afternoon.

Another factor that may have affected the CAR in the
present study was our instructions to the subjects. The CAR is
driven by the endogenous activity of the suprachiasmic
nucleus occurring prior to awakening (Clow et al., 2010)
which is different from factors influencing the decline. It
is crucial to verify the actual time of awakening through the
use of such devices as actigraphs which document the actual
time of awakening for comparison to subject report (Smyth
et al., 2012). We defined awakening as when their ‘‘feet hit
the floor’’ to establish a consistent state at the time of the
first collection. The present study included actigraphy from
which an additional validation of awakening time was
obtained. We confirmed that subjects were accurate in their
reports of awakening time since actigraphy derived and
subject recorded awakening times were highly correlated.
As the CAR occurs within a narrow window, a small error in
sampling time could have obscured the increase in salivary
cortisol. However the algorithm we used for assessing time of
awakening by actigraphy has a potential error of 10—13 min
earlier when compared to polysomnography (Cole et al.,
1992). Actigraphy could also introduce some error to our
estimate of actual time of awakening associated with error in
that algorithm. However the correlations between awaken-
ing recorded on the SPIT booklet, the sleep diary, and by the
actigraph were high (r’s > 0.9). Other factors also contribute
to the exact nature of the CAR including the amount of sleep
on the previous evening (Backhaus et al., 2004), shift work
(Kudielka et al., 2007) and time of awakening (Stalder et al.,
2009). For the present subjects, the time of awakening as
well as the duration of sleep (based on actigraphy) the
previous night were unrelated to the CAR in this healthy
population.

The change in DHEA between awakening and 30 min later
differed from cortisol. Salivary DHEA followed a dramatic and
steep decline from AW to AW30 unlike the relatively small
increase between these times for salivary cortisol. The lack
of a DHEA awakening response is similar to observations of
others (Hucklebridge et al., 2005) and thus confirmed by this
collection aprpach as well. Salivary DHEA followed a diurnal
decline beginning after the awakening sample with a rapid
and significant decline over the first 30 min (1.49% decrease/
min) and a slower decline between 30 min to late afternoon
(0.14% decrease/min). The overall rate of decline from AW30
to later afternoon for both salivary cortisol and DHEA were
comparable: 0.15%/min and 0.13%/min, respectively. The
differences in the decline from waking to 30 min later in
cortisol and DHEA suggest different underlying control for
these steroids during this time frame deserving further
investigation.

Subjects were given specific instructions for sampling at
two times, AW30 and AW600, while the sampling times at
awakening and lunch were allowed to vary by the subject’s
schedule. Two sets of criteria for adherence of �7.5 and
�15 min were used as inclusion criteria for fitting the diurnal
decline in salivary cortisol and DHEA. Regardless of the
adherence criteria applied, the slopes were the same for
both cortisol and DHEA. This suggests for determination of
the diurnal decline in either cortisol or DHEA, the exact time
of collection is less crucial in defining the diurnal decline in
either steroid as long as accurate time recording is validated.

The filters have not proven as useful for other salivary
analytes such as alpha amylase or salivary melatonin (Lau-
denslager, unpublished observations). For the present study,
unlike cotton collection devices which interfere with DHEA
(Granger et al., 1999), the Whatman filter material did not
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have this problem. However, sex steroids such as testoster-
one, which is particularly sensitive to storage (Granger et al.,
2004), have failed to pass our requirements for reliable
measurement when collected on filter paper (Laudenslager,
unpublished). The apparent stability of cortisol and DHEA
after drying on the filter matrix makes this collection
approach practical only for these steroids at present.

The present observations indicate that for this popula-
tion of subjects, reliable recording of time of collection
was observed using the SPIT booklets. The reliable record-
ing of collection times using the SPIT booklets may be due
in part to the fact that the time was recorded by the
subject directly on the collection device and not on a
separate collection log. We have obtained the best results
when we emphasize that the subject is honest and puts
the actual time of collection on the booklet since we can
control for variation in this time in modeling the diurnal
curve. There is the additional advantage of simply wet-
ting a filter strip as opposed to chewing on a cotton dental
sponge or spitting in a plastic tube while using some
stimulant for salivation which can affect the results if
they alter pH. The stability of cortisol and DHEA after
drying on the filters for over a year has contributed to the
capacity to collect in unique environments such as the
International Space Station (Mehta, in preparation). This
approach presents a substantial advantage for mailing the
booklets as opposed to refrigerated packages. In sum-
mary, the SPIT collection booklet is a novel and unique
approach to determining diurnal patterns of salivary cor-
tisol and DHEA in the home environment with minimal
subject inconvenience. It is not intended to replace other
approaches but to be used in those situations in which
subject convenience is critical or long term storage may
be required where refrigeration is not possible.
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