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A B S T R A C T

Sexual minorities in the United States are at elevated risk of prejudice, discrimination, and violence victimization
due to stigma associated with their sexual orientation. These stressors may contribute to physiological stress
responses and changes in the regulation of the sympathetic nervous system (SNS). To date, no studies have
examined the associations among minority sexual orientation, recent stressful events, and diurnal salivary alpha-
amylase (sAA) patterns. The present study included 1663 young adults ages 18–32 years (31% men, 69%
women) from the Growing Up Today Study, a prospective cohort of U.S. youth. Participants provided five saliva
samples over the course of one day to estimate diurnal sAA patterns. Sexual orientation groups included com-
pletely heterosexual with no same-sex partners (CH; referent), mostly heterosexual/completely heterosexual
with same-sex partners, and gay/lesbian/bisexual (LB or GB). Sex-stratified multilevel models were fit to
evaluate the association of sexual orientation with diurnal patterns of log sAA. The association of recent stressful
events was also evaluated. Among women, sexual minorities scored significantly higher than CH on perceived
stress and number of stressful events in the past month (p < 0.05). Among men, sexual minorities scored higher
than CH on perceived stress but not recent stressful events. In multivariable models, recent stressful events were
not associated with sAA patterns, but significant sexual orientation group differences in sAA diurnal rhythm
were observed among women though not among men. Compared to CH women, LB showed a blunted awakening
response and elevated sAA levels across the day, both indicators consistent with SNS dysregulation. Findings
suggest dysregulation of stress physiology in LB women, but not other sexual minority women or men, relative to
same-sex heterosexuals. Observed dysregulation may relate to exposure among LB women to chronic stressors
associated with sexual orientation stigma, although these relations and differences by sex warrant further study.

1. Introduction

Sexual orientation-related physical and mental health disparities
have been well-documented in the United States. Sexual minorities
report greater prevalence of depressive and anxious symptoms, post-
traumatic stress disorder (PTSD), disordered eating, and other adverse
health outcomes compared with heterosexual populations (Institute of

Medicine, 2011). Both stress and attachment paradigms suggest that
health inequities adversely affecting sexual minorities result from social
stigmatization enacted through discrimination, harassment, abuse, and
violence (Minority Stress Theory) (Meyer, 2003; Rosario et al., 2002)
and from less secure attachment during child or adolescent develop-
ment as a consequence of poor family dynamics (e.g., parental rejec-
tion) (Attachment Model for LGB Individuals) (Rosario, 2015; Rosario
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et al., 2014a, b). Dysregulation of physiological stress response path-
ways, such as the hypothalamic-pituitary-adrenocortical (HPA) axis,
can indicate early signs of negative health effects of acute and chronic
stressors (Almeida et al., 2009; Miller et al., 2007). Some evidence in-
dicates that sexual minorities exhibit more dysregulated HPA axis re-
sponse when faced with acute social evaluative stressors in laboratory
settings (Hatzenbuehler et al., 2009; Juster et al., 2015). Interestingly,
one study restricted to lesbian, gay, and bisexual young adults found
that stronger family but not peer support was associated with less
cortisol reactivity in response to social evaluative stressors in a la-
boratory setting.(Burton et al., 2014) In terms of research on diurnal
cortisol patterns as indicators of chronic HPA axis dysregulation, two
studies, including one on which the present study is based using the
same salivary samples (Austin et al., 2016), have not found sexual or-
ientation group differences (Austin et al., 2016; Juster et al., 2013).
Another study restricted to gay men found black compared to white
men experienced a flatter diurnal cortisol rhythm, an indicator of HPA
axis dysregulation in the black gay men, which the authors suggested
may be due to chronic stress of racial discrimination.(Cook et al., 2017)
However, a small study restricted to gay men and lesbians that explored
whether there might be a relationship between discrimination and
diurnal cortisol did not find a statistically significant association (Juster
and Bockting, 2017).

Another physiological stress response pathway that can become
dysregulated through both acute social evaluative stressors and chronic
stressors is the autonomic nervous system (ANS) (Lucini et al., 2005,
2002). The ANS maintains homeostasis through dynamic interactions
between its sympathetic and parasympathetic branches. Sympathetic
nervous system (SNS) activation occurs in response to stressors and
other environmental challenges and mobilizes physiological resources
to respond to these environmental demands (Cacioppa et al., 1998;
Lucini et al., 2002). The parasympathetic nervous system serves an
opposing set of functions that promote growth and restoration when the
organism is at rest and facilitates a return to homeostasis following
stressors (Berntson et al., 1997; Porges, 2007). Dysregulation of this
system has been linked to elevated glucocorticoid sensitivity, in-
flammatory cytokine production, and other perturbations that have
been associated with a variety of inflammatory diseases, cardiovascular
disease, and cancer (Pongratz and Straub, 2014; Thoma et al., 2012a).

Salivary alpha-amylase (sAA), an enzyme synthesized and secreted
from the salivary glands (Baum, 1993), is an established biomarker of
SNS activity (Nater and Rohleder, 2009; Thoma et al., 2012b). A benefit
of sAA is that its collection is relatively noninvasive for study partici-
pants compared to SNS activity biomarkers collected through serum or
cerebrospinal fluid, such as epinephrine and norepinephrine (Thoma
et al., 2012a). sAA levels have a distinct diurnal profile pattern, de-
creasing shortly after awakening and increasing throughout the course
of the day (Nater et al., 2007). sAA dysregulation is a valid and reliable
marker of stress-reactive physiological changes, which can manifest as a
blunted awakening response (i.e., less of a decline in sAA level 30min
after awakening) and higher output of sAA throughout the day (Nater
et al., 2006; Nater and Rohleder, 2009). For instance, sAA dysregula-
tion has been associated with higher glucocorticoid sensitivity and in-
flammatory cytokine production (Thoma et al., 2012a). Chronic psy-
chosocial stress has been linked to changes in the diurnal rhythm of
sAA. For example, adults who report high levels of job strain exhibit a
blunted awakening response than do those with low levels of job strain
(Karhula et al., 2016). Children who report victimization by peers have
higher levels of sAA in response to a peer-oriented social challenge than
those who do not report peer victimization (Rudolph et al., 2010); a
similar pattern has been observed among adults who experienced
trauma and maltreatment as children in response to a laboratory-based
stressor and trauma reminders (Kuras et al., 2017; Yoon and Weierich,
2016). Dysregulated sAA also can manifest as higher sAA output across
the day (Nater et al., 2007). Elevated sAA diurnal output has been
found in adolescents and adults with trauma histories and PTSD (Nater

et al., 2007; Skoluda et al., 2017; Thoma et al., 2012a) and in adults
with generalized social anxiety disorder (van Veen et al., 2008).

Sexual minorities consistently have been found to experience more
trauma and victimization than same-sex heterosexual peers (Katz-Wise
and Hyde, 2012; Roberts et al., 2010, 2012). Furthermore, some re-
search with adolescents suggests that harassment based on a stigma-
tized identity compared to general harassment not related to identity
results in worse decrements to mental and physical health (Russell
et al., 2012). The disproportionate exposure to stressors among sexual
minorities and potentially to more potent stressors may produce lasting
alterations to the SNS. To date, however, no studies have examined
diurnal sAA patterns across sexual orientation groups.

We undertook the present study to address this gap in the literature,
examining patterns in diurnal sAA across sexual orientation groups in a
national cohort of young adult women and men in the United States.
We hypothesized that women and men sexual minorities, compared to
same-sex heterosexuals, would experience a blunted awakening re-
sponse (meaning less of a decline in sAA level after awakening) and
elevated sAA levels across the day, both of which are considered in-
dicators of SNS dysregulation. Further, we hypothesized that greater
level of stress exposure would explain these patterns and that there may
be a synergistic effect between sexual orientation and stressor exposure
due to potentially more potent identity-based exposures experienced by
sexual minorities.

2. Methods

2.1. Study sample

Study participants were from the Growing Up Today Study (GUTS),
a national, prospective cohort of 27,324 youth (ages 9–16 years at
enrollment in 1996 for GUTS1 cohort and 2004 for GUTS2 cohort). The
GUTS cohort consists of children of women in the Nurses’ Health Study
2, a prospective cohort of over 116,000 U.S. women, and surveys have
been administered annually or biennially since the cohort’s inception.
The sample is primarily white (94%) and has a limited socioeconomic
range, as all the participants’ mothers have a four-year nursing degree.

The current study is based on a subset of GUTS youth who partici-
pated in the 2011–2014 GUTS Saliva Substudy; only those GUTS re-
spondents who had completed a previous GUTS survey for the 2010-11
wave were eligible. The substudy, which has been reported previously
(Austin et al., 2016), was designed to examine the association between
sexual orientation and stress response physiology. All sexual minority
participants were invited to participate, and a random subsample of
heterosexuals were also invited. Youth were excluded if they were
currently pregnant or pregnant in the past six months, if they reported
any history of cancer treatment or diagnosis of diabetes, or if they re-
ported past-month use of oral or inhaled steroids. A total of 6980
participants were invited to the GUTS Saliva Substudy by email and
were screened for eligibility, of whom 1966 (28%) agreed to partici-
pate. Of these participants, 287 did not return at least one usable saliva
sample and an additional 16 were missing data on wakeup time, re-
sulting in a total analytic sample 1663 individuals. The 303 excluded,
compared with the 1663 included, were more likely to be heterosexual,
white, and older (p < 0.05), but not different by sex (p > 0.05).

2.2. Survey measures

2.2.1. Sexual orientation
Sexual orientation was assessed on the GUTS 2005, 2007,

2010–2011, and 2013 survey waves with two widely used measures.
The first asked participants to report the sex of any past or present
sexual partners (female[s], male[s], female[s] and male[s], or no sexual
contact). The second measure asked participants to report which of the
following best describes them: Completely heterosexual (attracted to
persons of the opposite sex); mostly heterosexual; bisexual (equally
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attracted to men and women); mostly homosexual; completely homo-
sexual, gay, or lesbian (attracted to persons of the same sex); or unsure
(Remafedi et al., 1992). Due to sample size limitations, participants
were combined into three sexual orientation groups for analysis: (1)
completely heterosexual with no same-sex partners (CH), (2) mostly
heterosexual or completely heterosexual with same-sex partners
(MHCH), and (3) lesbian, gay, or bisexual (LB for women and GB for
men). Mostly heterosexual or completely heterosexual with same-sex
partners were combined to create an additional category for analyses
since prior research indicates that these individuals have elevated
health risks compared to completely heterosexuals with no same-sex
partners (Roberts et al., 2010, 2012). Bisexual individuals were com-
bined with their same-sex lesbian or gay peers because of insufficient
power to conduct separate analyses.

2.2.2. Brief questionnaire
The GUTS Saliva Substudy included a brief questionnaire that par-

ticipants completed on the day of saliva collection. This questionnaire
included a modified version of the Stressful Life Events Screening
Questionnaire (Goodman et al., 1998) assessing self-reported lifetime
exposure to 13 types of traumatic experiences (e.g., life-threatening
events, death of a loved one). Four questions about stressful life events
pertaining to financial hardship and divorce or separation were added
to fully capture a variety of stressful life experiences and the time frame
was modified to focus on experiences in the past 30 days.

The brief questionnaire was administered on a single day, the day
when saliva collection occurred. The brief questionnaire included
measures accounting for factors that may impact diurnal rhythms
(Adam and Kumari, 2009) including measures of sleep quality and
duration (previous night’s hours of sleep, usual hours of sleep time, time
of falling asleep on night before data collection, time of awakening on
day of data collection), and mood during each saliva collection
throughout the day (“Do you feel worried, anxious, or fearful right
now?” and “Do you feel happy, excited, or content right now?” with
response options from (1) Not at all to (4) Extremely). The “worried”
and “happy” mood items were coded as ordinal time-varying covariates
in the model, with higher scores indicating greater levels of worry or
happiness at each time point. Participants also completed the four-item
Perceived Stress Scale (PSS-4) (Cohen et al., 1983), which addresses
perceived stress-related feelings and thoughts in the previous month
(e.g., “In the last month, how often have you felt you were unable to
control the important things in your life?” with response options from
(0) Never to (4) Very often) (Cohen et al., 1983; Cohen and Williamson,
1988). The Cronbach’s alpha for the PSS-4 in our sample was 0.76.

Participants were asked to report whether they had, on the day of
saliva collection, any alcoholic beverages (yes/no), smoked any cigar-
ettes (yes/no) or engaged in any vigorous physical activity (increasing
heart rate and sweat; yes/no) and to list any drugs or medications
taken. Women were asked if they had in the previous month used or
were currently using any form of hormonal contraception (yes/no).
Additional covariates included participant age (in years) and non-
compliance with the wakeup sample (yes/no; non-compliance defined
as the first saliva sample not being taken within 15min of waking up).

2.3. Salivary sample collection and assays

Participants received saliva collection tubes and brief questionnaire
through the mail with instructions. Samples were collected from par-
ticipants on a single weekday (Monday–Thursday), and participants
were asked to provide five passive-drool saliva samples over the course
of the day: at awakening, 45min, 4 h, and 10 h after awakening, and at
bedtime. Participants were instructed not to brush their teeth before the
first (awakening) sample was collected and not to eat, drink, chew, or
engage in vigorous physical activity for at least 30min before each
subsequent sample. Participants were instructed to record the time of
collection for each sample and whether or not they had brushed their

teeth, eaten, drunk, chewed, or exercised in the previous 30min. Filled
tubes were stored in baggies in a refrigerator in the participant’s home
until sampling was complete and then were returned via two-day de-
livery in a postage-paid mailer along with an ice pack. sAA has been
found to be moderately stable across a 24-month period (Skoluda et al.,
2017). All saliva samples were collected between August 2011 and
February 2014, and participants received $25 upon return of saliva
samples. This study was approved by the Brigham and Women’s Hos-
pital Institutional Review Board.

Saliva samples were sent to the Channing Division of Network
Medicine (CDNM) biorepository, aliquoted, stored at −20 °Centigrade,
and assayed by Rohleder Lab at Brandeis University along with quality
control (QC) samples provided by the CDNM to obtain three distinct QC
pools of saliva. Aliquots of QC pools were distributed randomly among
the participant samples and were blinded with alias IDs. Each batch of
samples analyzed contained two QC pool samples from at least two of
the three available pools and each pool was represented in at least one-
third of the batches analyzed. At Rohleder Lab, sAA was measured using
a procedure developed in-house with commercially available reagents
from Roche Diagnostics and described in prior research (Thoma et al.,
2012b). Rohleder Lab provided CDNM with final data from study
samples and unblinded QC samples, and QC results were compiled and
analyzed across the study. Coefficients of variation for the study met the
biorepository standard of 15% or below, and batch adjustment was
performed to adjust for any potential batch effects (Rosner et al., 2008).

2.4. Statistical analyses

Separate multilevel models of log-transformed sAA values were fit
to examine the diurnal patterns in men and women. The models in-
cluded individual-level, day-level, and sample-level covariates, a linear,
quadratic, and cubic effect of time since waking, and an indicator
variable for non-compliance with the wake-up sample. Models also
included an estimate of the awakening response, defined as the differ-
ence between the wake-up sample and the second sample as well as
random individual-level intercept (wake-up level) and slope terms
(time since waking). All continuous covariates were centered around
the mean. The primary predictor in the model was sexual orientation.
Thus the main effect of sexual orientation and interactions between
sexual orientation and time since waking and with awakening response
were included. Variables from the brief questionnaire were examined
for association with sexual orientation of sAA, and those with a sig-
nificant association were included in the final models. As models pre-
dicted log-transformed values of sAA, parameter estimates were trans-
formed (as 100*(exp(β)-1) for interpretation as percentage increase or
decrease in mean sAA value. The effect of recent stressful events was
also examined by including a main effect term in the model and an
interaction between recent stressful events and sexual orientation. All
analyses were sex-stratified so that models for women could account for
hormonal contraception use and were conducted using SAS version 9.4
(SAS, 2013).

3. Results

As shown in Table 1, mean ages for all groups ranged between 24.4
and 25.1 years, and sexual minority women were slightly older than
same-sex CH. Among women, sexual minorities scored significantly
higher than CH on perceived stress and number of stressful events in the
past month, as well as on substance use and antidepressant medication
use. Among men, sexual minorities scored higher than CH on perceived
stress.

In multivariable models, significant sexual orientation group dif-
ferences in sAA diurnal rhythm were found among women (Table 2) but
not among men (Table 3). In women, compared to CH, LB showed a
blunted awakening response (p=0.01), with an sAA level 42.1%
higher than that of CH at the second time point. The slope of the diurnal
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trajectory was also significantly greater in LB compared to CH women
(p=0.02) resulting in higher mean sAA as time progressed since
waking (Fig. 1). Recent stressful life events were not associated with
sAA patterns, and interactions between sexual orientation and recent
stressful life events were not statistically significant; therefore, these
terms were not included in final models predicting sAA patterns.

4. Discussion

To our knowledge, our study is the first to examine patterns in
diurnal sAA by sexual orientation group and the largest study to ex-
amine diurnal sAA patterns in young adults more generally. We found
support for our hypotheses for women, in which LB compared to CH
women experienced a blunted awakening response and also elevated
sAA levels across the day. Both of these findings for LB women are
consistent with ANS dysregulation. For men, however, our hypotheses
were not borne out: No sexual orientation-related differences were
observed in awakening response or levels of sAA across the day. Also

contrary to our hypotheses, recent stressful life events were not asso-
ciated with sAA patterns in either women or men, nor were interactions
between sexual orientation and recent stressful life events statistically
significant.

Investigation into sexual orientation-related disparities in stress
physiology is an emerging area of research. Studies focused on acute
social evaluative stressors in laboratory settings have found sexual or-
ientation-group differences in HPA axis functioning as indicated
through cortisol response to acute psychosocial stressors
(Hatzenbuehler et al., 2009; Juster et al., 2015). In addition, one study
of lesbian, gay, and bisexual young adults found that stronger family
but not peer support predicted less cortisol reactivity in response to a
study-administered social evaluative stressor (Burton et al., 2014). In
contrast, two studies, including one from the same cohort used in the
present study, have investigated sexual orientation group patterns in
diurnal cortisol patterns, and neither study found sexual orientation
group differences (Austin et al., 2016; Juster et al., 2013). The present
study extends the literature by offering for the first time evidence of

Table 1
Participant characteristics for young adult women and men in the Growing Up Today Study who completed saliva sampling in 2011–2014 by sexual orientation
identity (n=1663).

Women (N=1148) Men (N=515)

Completely
heterosexual (CH)
(n= 755)

Mostly heterosexual or
CH w/ SS partners
(n=323)

Bisexual or
lesbian
(n=70)

P Completely
heterosexual (CH)
(n= 360)

Mostly heterosexual or
CH w/ SS partners
(n= 95)

Bisexual or
gay (n= 60)

P

Age in years, M (SD) 24.4 (3.5) 25.1 (3.1) 24.9 (3.6) 0.01 24.8 (3.5) 25.1 (3.3) 24.7 (3.1) 0.68
Sleep, M (SD)
Hours of sleep in
previous night

7.8 (1.3) 7.7 (1.3) 7.7 (1.5) 0.24 7.3 (1.4) 7.4 (1.4) 7.5 (1.3) 0.69

Hours of sleep on typical
night

7.7 (0.9) 7.7 (1.0) 7.8 (0.9) 0.60 7.4 (0.9) 7.5 (0.9) 7.4 (0.8) 0.63

Waking time (HH:MM) 7:58 AM (1:36) 7:59 AM (1:37) 8:13 AM
(1:38)

0.45 7:57 AM (1:46) 8:03 AM (1:44) 8:13 AM
(2:11)

0.55

Health-related behaviors, n (%)
Any alcohol use 164 (22.0) 103 (32.4) 15 (21.4) 0.001 94 (26.7) 32 (34.4) 22 (37.9) 0.11
Any cigarette smoking 14 (1.9) 17 (5.3) 5 (7.1) 0.002 17 (4.7) 7 (7.4) 5 (8.3) 0.39
Antidepressant uses 69 (9.1) 38 (11.8) 11 (15.7) 0.13 14 (3.9) 6 (6.3) 6 (10.0) 0.11

Hormonal contraception
use (women only), n
(%)

387 (51.5) 171 (53.1) 22 (31.4) 0.003 n/a n/a n/a

Perceived Stress Scalea, M
(SD)

2.2 (0.7) 2.4 (0.7) 2.5 (0.7) < .001 2.2 (0.7) 2.5 (0.8) 2.5 (0.8) < .001

Eating before sample, N (%)
Sample 1 (Wake up) 0 (0) 0 (0) 0 (0) n/a 0 (0) 0 (0) 0 (0) n/a
Sample 2 (45 min post-
wake up)

35 (4.6) 15 (4.6) 0 (0) 0.18 18 (5.0) 5 (5.3) 3 (5.0) 0.99

Sample 3 (4 h post-wake
up)

43 (5.7) 17 (5.3) 2 (2.9) 0.60 17 (4.7) 3 (3.2) 2 (3.3) 0.74

Sample 4 (10 h post-
wake up)

48 (6.4) 16 (5.0) 4 (5.7) 0.67 20 (5.6) 5 (5.3) 2 (3.3) 0.77

Sample 5 (Before bed) 21 (2.8) 10 (3.1) 0 (0) 0.34 8 (2.2) 2 (2.1) 0 (0) 0.51

Exercise before sample, N (%)
Sample 1 (Wake up) 0 (0) 0 (0) 0 (0) n/a 0 (0) 0 (0) 0 (0) n/a
Sample 2 (45 min post-
wake up)

12 (1.6) 13 (4.0) 3 (4.3) 0.04 4 (1.1) 3 (3.2) 1 (1.7) 0.36

Sample 3 (4 h post-wake
up)

23 (3.1) 4 (1.2) 0 (0) 0.08 8 (2.2) 0 (0) 1 (1.7) 0.34

Sample 4 (10 h post-
wake up)

18 (2.4) 4 (1.2) 0 (0) 0.22 7 (1.9) 2 (2.1) 0 (0) 0.54

Sample 5 (Before bed) 7 (0.9) 4 (1.2) 0 (0) 0.62 3 (0.8) 1 (1.1) 0 (0) 0.75

Stressful events in past month, n (%)
None 640 (84.8) 260 (80.5) 48 (68.6) 0.002 299 (83.1) 72 (75.8) 48 (80.0) 0.26
1+ 115 (15.2) 63 (19.5) 22 (31.4) 61 (16.9) 23 (24.2) 12 (20.0)

Compliant with wakeup
sample, n (%)

725 (96.7) 305 (94.4) 66 (94.3) 0.19 350 (97.8) 89 (98.9) 59 (98.3) 0.78

Notes: P-values based on Chi-square tests for categorical variables and ANOVA for continuous variables.
Compliant with wake up sample= saliva sample taken within 15min of waking. All numbers are rounded to nearest zero.

a Perceived stress scale scores range from 0 to 4, with higher scores indicating more perceived stress.
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SNS dysregulation by sexual orientation group.
Contrary to our hypotheses, we found sexual orientation-related

perturbations in sAA diurnal patterns among only women. The ob-
served sex difference in orientation-related ANS dysregulation is intri-
guing, but mechanisms that might lead to this pattern are far from
clear. There may be at least three plausible explanations for this
finding. One, the bisexual-to-lesbian/gay ratio of the composition of LB
group (where bisexual women were predominant) was much higher
than that of the GB group (where gay men were predominant), meaning
that the LB and GB groups differed not only by sex but also by sexual
orientation subgroup composition. Emerging evidence suggests that
bisexuals may be at distinctly elevated risk for both adverse exposures
and negative health sequelae (Conron et al., 2010; Dyar et al., 2018
(Epub ahead of print)). Two, while more LB women reported recent
stressful life events than any other group defined by sex and sexual
orientation in our sample, recent stressful experiences were not

associated with sAA diurnal patterns and so are not likely to explain sex
differences in our main findings. Interestingly, Nater and colleagues
administered a measure of past-month stressors similar to ours and also
did not find associations with diurnal sAA in women or men (sexual
orientation not reported); however, they did find chronic stressors to be
positively associated with sAA dysregulation, specifically higher sAA
output throughout the day (Nater et al., 2007). It is possible that the LB
women in our sample experienced higher levels of chronic stressors and
traumatic events over the life course that were not captured in our
assessment of recent stressful life events. For example, population-
based studies consistently document higher rates of exposure to child-
hood abuse and maltreatment as well as other forms of interpersonal
violence among sexual minority women as compared to heterosexual
women (Corliss et al., 2002; Roberts et al., 2010). In studies that have
examined both men and women, sexual minority women have higher
rates of exposure to child maltreatment and interpersonal violence than

Table 2
Multilevel model of log(amylase) including random effects for wakeup amylase and time since waking and fixed effects of amylase awakening response and time
since waking squared and cubed among young adult women in GUTS Saliva Study (n=1113).

Variable Estimate SE p-value Interpretation (% increase/decrease per unit change of predictor)a

Effects on wakeup amylase level (main effects)
Intercept 4.004 0.047 < .0001 54.8 nmol/L mean wakeup amylaseb

Age in years 0.068 0.007 < .0001 7.1% higher for each year older
Hours sleep, previous night −0.001 0.020 0.97 −0.1%
Hours sleep, typical night −0.003 0.025 0.91 −0.3%
Waking time −0.000 0.000 0.82 0.0%
Any cigarette smoking 0.150 0.128 0.24 16.2%
Any alcoholic drinks −0.140 0.052 0.01 −13.1% lower if alcohol
Perceived stress scale 0.024 0.032 0.44 2.5%
Hormonal contraception use 0.047 0.045 0.29 4.9%
Noncompliance (wakeup sample) −0.002 0.113 0.98 −0.2%
Antidepressant 0.036 0.074 0.63 3.7%

Sexual orientation (Ref= CH)
MH or CHwSS 0.004 0.068 0.96 0.4%
Bisexual or Lesbian −0.139 0.128 0.28 −13.0%

Effects on amylase level(main effects of time varying covariates)
Eating (before each sample) 0.136 0.066 0.04 14.6% higher if ate before sample collection
Exercise (before each sample) 0.159 0.096 0.10 17.2% higher if exercise before

Sample collection

Effects on time since waking (interactions with linear time effect)
Intercept 0.059 0.008 < .0001 6.1% higher per hour since wakeup

Sexual orientation (Ref= CH)
MH or CHwSS −0.001 0.005 0.86 −0.1%
Bisexual or Lesbian 0.022 0.009 0.02 2.3% higher if Lesbian or Bisexual

Effects on time since waking squared (quadratic time effect)
Intercept −0.005 0.001 < .0001 −0.5% per hour squared since wakeup

Effects on time since waking cubed (cubic time effect)
Intercept 0.000 0.000 < .0001 0.0% per hour cubed since wakeup

Effects on amylase awakening response (interactions with awakening response)
Intercept −0.854 0.039 < .0001 −57.5% lower if sAA-AR
Noncompliance (wakeup sample) 0.115 0.137 0.40 12.2%

Sexual orientation (Ref= CH)
MH or CHwSS 0.068 0.068 0.32 7.1%
Bisexual or Lesbian 0.351 0.133 0.01 42.1% higher if bisexual or lesbian

Random Effects Variance estimate SE p-value
Awakening amylase 0.548 0.036 < .0001
Time since waking 0.000 0.000 0.01

Notes: Mean-centered variables are age, hours sleep in previous night, hours sleep on a typical night, waking time, perceived stress score, level of worry during each
saliva sample.
Sexual orientation categories: (1) Bisexual or Lesbian (2) MH=Mostly Heterosexual or CHwSS=Completely Heterosexual with same-sex partners; (3)
CH=Completely Heterosexual with no same-sex partners (Ref).
sAA-AR: Salivary alpha-amylase awakening response.

a In interpreting effect sizes, use of a logarithmic outcome allows coefficients to be interpreted as percentage change in the outcome per unit change in the
independent variable, after applying the following transformation: B%change= [exp (Braw)] – 1. The “Interpretation” column of the table includes the percentage
change based on this transformation.

b Mean wakeup amylase among CH, non-smoking, no alcohol, no hormonal contraception use, no antidepressant use, compliant participants with mean age sleep,
waking time, and stress, no eating and no alcohol before sample collection.
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do men (Roberts et al., 2010). Disproportionate exposure to traumatic
events, particularly in childhood, may be driving the sex differences in
sAA regulation in early adulthood among the sexual minorities in our
sample. This possibility warrants greater investigation in future re-
search both in its own right and because it may be related to the child’s
attachment (Rosario, 2015). Three, research on gender differences in
attachment, which plays a critical role in healthy child and adolescent
development, may offer insights on our findings. Rosario has elaborated
an attachment paradigm specific to sexual minorities that draws from
the strong empirical evidence that societal social stigma undermines the
development of secure attachment for sexual minorities at vulnerable
periods of child and adolescent development (Rosario, 2015; Rosario
et al., 2014a,b). Furthermore, theory and research suggest that during
young adulthood (the developmental period in which salivary sample
data were collected from GUTS participants) an anxious attachment
style is more common in women compared to men and an avoidant
attachment style becomes more prevalent among men as they age (Del
Giudice, 2009, 2010, 2011). A recent study with young adults found

anxious but not avoidant attachment style was associated with cortisol
reactivity in response to a social stressor administered in a lab-based
setting (Smyth et al., 2015), and another study with adolescent girls
found anxious attachment to be associated with perturbations in
diurnal cortisol rhythms (Oskis et al., 2011). We are not aware of stu-
dies examining attachment and sAA, but further research is warranted
to explore whether attachment style differences may play a role in sex
differences in sAA dysregulation observed in the present study.

These findings must be considered in light of several notable lim-
itations. First, power limitations are a concern given the relatively small
sample of individuals in each orientation and sex subgroup who pro-
vided saliva for this study, particularly among men. Additionally, the
low response rate may have introduced bias in our findings. Future
research should include larger samples to allow for analyses of more
sexual orientation subgroup patterns, for instance to distinguish pat-
terns in bisexuals from those of lesbian or gay peers. We gathered saliva
samples on only a single day. Future studies may be strengthened by
including more days of salivary sample collection from participants.

Table 3
Multilevel model of log(amylase) including random effects for wakeup amylase and time since waking and fixed effects of amylase awakening response and time
since waking squared and cubed among young adult men in GUTS Saliva Study (n=487).

Variable Estimate SE p-value Interpretation (% increase/decrease per unit change of predictor)a

Effects on wakeup amylase level (main effects)
Intercept 3.758 0.069 < .0001 42.9 nmol/L mean wakeup amylaseb

Age in years 0.085 0.011 < .0001 8.9% higher for each year older
Hours sleep, previous night −0.012 0.031 0.70 −1.2%
Hours sleep, typical night 0.033 0.041 0.43 3.3%
Waking time 0.000 0.000 0.002 0.002% higher per minute waking up late
Any cigarette smoking 0.235 0.157 0.14 26.5%
Any alcoholic drinks 0.142 0.079 0.07 15.3% higher if alcohol
Perceived stress scale −0.014 0.052 0.79 −1.4%
Noncompliance (wakeup sample) 0.200 0.252 0.43 22.1%
Antidepressant 0.298 0.166 0.07 34.8% higher if taking antidepressant

Sexual orientation (Ref= CH)
MH or CHwSS 0.109 0.131 0.40 11.5%
Bisexual or Gay −0.007 0.156 0.97 −0.7%

Effects on amylase level (main effects of time-varying covariates)
Eating (before each sample) 0.087 0.111 0.43 9.1%)
Exercise (before each sample) 0.154 0.180 0.39 16.7%

Effects on time since waking (interactions with linear time effect)
Intercept 0.120 0.015 < .0001 12.8% higher per hour since wakeup

Sexual orientation (Ref= CH)
MH or CHwSS −0.008 0.009 0.34 −0.8%
Bisexual or Gay −0.006 0.010 0.54 −0.6%

Effects on time since waking squared (quadratic time effect)
Intercept −0.010 0.001 < .0001 −1.0% per hour squared since wakeup

Effects on time since waking cubed (cubic time effect)
Intercept 0.000 0.000 < .0001 0.02% per hour cubed since wakeup

Effects on amylase awakening response (interactions with awakening response)
Intercept −0.605 0.061 < .0001 −45.4% lower if sAA-AR
Noncompliance (wakeup sample) −0.073 0.30 0.81 −7.1%

Sexual orientation (Ref= CH)
MH or CHwSS −0.152 0.130 0.24 −14.1%
Bisexual or Gay −0.059 0.158 0.71 −5.8%

Random Effects Variance estimate SE p-value
Awakening amylase 0.657 0.066 < .0001
Time since waking 0.000 0.000 0.36

Notes: Mean-centered variables are age, hours sleep in previous night, hours sleep on a typical night, waking time, perceived stress score, level of worry during each
saliva sample.
Sexual orientation categories: (1) Bisexual or Gay (2) MH or CHwSS=Mostly Heterosexual or Completely Heterosexual with same-sex partners; (3)
CH=Completely Heterosexual with no same-sex partners (Ref).
sAA-AR: Salivary alpha-amylase awakening response.

a In interpreting effect sizes, use of a logarithmic outcome allows coefficients to be interpreted as percentage change in the outcome per unit change in the
independent variable, after applying the following transformation: B%change= [exp (Braw)] – 1. The “Interpretation” column of the table includes the percentage
change based on this transformation.

b Mean wakeup amylase among CH, non-smoking, no alcohol, no hormonal contraception use, no antidepressant use, compliant participants with mean age sleep,
waking time, and stress, no eating and no alcohol before sample collection.
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Compliance with sampling protocols was not monitored electronically,
although models were adjusted for sampling-time noncompliance.
Failure to adhere to the protocol would depress effect sizes. Despite this
threat, we found sexual orientation effects among the women.
Participant ages ranged from 18 to 32 years, limiting generalizability to
young adulthood. Finally, as participants were predominantly white,
raised in largely middle-class households, and members of an ongoing
cohort of children of U.S. nurses, these findings may not be general-
izable to other young adult populations.

5. Conclusion

Substantial evidence now documents pervasive sexual orientation-
related disparities in stigma, harassment, and discrimination and also in
negative mental and physical health outcomes adversely associated
with minority sexual orientation (Institute of Medicine, 2011). Sexual
minority stress theory (Meyer, 2003; Rosario et al., 2002) posits that
one pathway through which stressors may manifest in poorer health is
through dysregulation of the physiologic stress response
(Hatzenbuehler et al., 2009). Studies investigating hypothesized sexual
orientation group disparities in stress physiology have focused most
attention on HPA axis dysregulation. Those examining cortisol response
to acute social evaluative stressors have found some evidence for
greater dysregulation in sexual minorities than in heterosexuals
(Hatzenbuehler et al., 2009; Juster et al., 2015); whereas, those fo-
cusing on diurnal cortisol have not (Austin et al., 2016; Juster et al.,
2013). The HPA axis, however, is just one important system of stress
physiology. Our study offers the first evidence of sexual orientation
group differences in ANS dysregulation, particularly in women. Further
research into the possible harmful effects of sexual minority stigma and
discrimination on stress physiology and subsequent disease outcomes is
urgently needed. Likewise, investigation into the perhaps beneficial
effects of improvements in societal acceptance of sexual orientation
diversity should be undertaken to broaden our understanding of the
potential role of society in both causing and mitigating health in-
equities.

Role of funding sources

This study was funded by grants HD057368 and HD066963 from

the National Institutes of Health. S.B. Austin is supported by the
Leadership Education in Adolescent Health project, Maternal and Child
Health Bureau, Health Resources and Services Administration grants
T71-MC00009 and T76-MC00001. The funders played no role in the
study design, collection, analysis or interpretation of data, in writing of
the manuscript, or in the decision to submit the manuscript for pub-
lication.

Contributors

SB Austin, M Rosario were responsible for study conceptualization.
SB Austin, M Rosario, KA McLaughlin, AL Roberts, S Missmer, and L
Anatale-Tardiff were responsible for data collection. SB Austin, M
Rosario, KA McLaughlin, AL Roberts, K Yu, V Sarda, S Missmer, L
Anatale-Tardiff, and EA Scherer were responsible for data analysis,
interpretation, and article preparation.

Conflict of interest

The authors have no conflicts of interest to declare.

Acknowledgments

The authors would like to thank the Channing Division of Network
Medicine Biorepository and Growing Up Today Study (GUTS) team of
investigators for their contributions to this paper and the thousands of
young people across the country participating in the GUTS cohort.

References

Adam, E.K., Kumari, M., 2009. Assessing salivary cortisol in large-scale, epidemiological
research. Psychoneuroendocrinology 34, 1423–1436.

Almeida, D.M., McGonagle, K., King, H., 2009. Assessing daily stress processes in social
surveys by combining stressor exposure and salivary cortisol. Biodemography Soc.
Biol. 55, 219–237.

Austin, S.B., Rosario, M., McLaughlin, K.A., Roberts, A.L., Gordon, A.R., Sarda, V.,
Missmer, S.A., Anatale-Tardiff, L., Scherer, E.A., 2016. Sexual orientation and diurnal
cortisol patterns in a cohort of U.S. young adults. Psychoneuroendocrinology 69,
197–208.

Baum, B.J., 1993. Principles of saliva secretion. Ann. N. Y. Acad. Sci. 694, 17–23.
Berntson, G.G., Bigger Jr, J.T., Eckberg, D.L., Grossman, P., Kaufmann, P.G., Malik, M.,

Nagaraja, H.N., Porges, S.W., Saul, J.P., Stone, P.H., van der Molen, M.W., 1997.
Heart rate variability: origins, methods, and interpretive caveats. Psychophysiology
34, 623–648.

Fig. 1. Estimated model-based mean salivary alpha-amylase (sAA) values as a function of time since awakening, by sexual orientation among women and men
participants ages 18–32 years in the Growing Up Today Study (GUTS) Saliva Substudy. Notes: Estimates based on model presented in Tables 2 and 3. Saliva sample
times: Sample 1=0 h from waking; Sample 2=45min from waking; Sample 3=4 h from waking; Sample 4= 10 h from waking; Sample 5=before bed.

S.B. Austin et al. Psychoneuroendocrinology 97 (2018) 78–85

84

http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0005
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0005
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0010
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0010
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0010
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0015
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0015
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0015
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0015
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0020
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0025
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0025
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0025
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0025


Burton, C.L., Bonanno, G.A., Hatzenbuehler, M.L., 2014. Familial social support predicts a
reduced cortisol response to stress in sexual minority young adults.
Psychoneuroendocrinology 47, 241–245.

Cacioppa, J.T., Berntson, G.G., Malarkey, W.B., Kiecolt-Glaser, J.K., Sheridan, J.F.,
Poehlmann, K.M., Burleson, M.H., Ernst, J.M., Hawkley, L.C., Glaser, R., 1998.
Autonomic, neuroendocrine, and immune responses to psychological stress: the re-
activity hypothesis. Ann. N. Y. Acad. Sci. 840, 664–673.

Cohen, S., Williamson, G., 1988. The Social Psychology of Health: The Claremont
Symposium on Applied Social Psychology. Sage, Newbury Park, CA.

Cohen, S., Kamarck, T., Mermelstein, R., 1983. A global measure of perceived stress. J.
Health Soc. Behav. 24, 385–396.

Conron, K.J., Mimiaga, M.J., Landers, S.J., 2010. A population-based study of sexual
orientation identity and gender differences in adult health. Am. J. Publ. Health 100,
1953–1960.

Cook, S.H., Juster, R.-P., Calebs, B.J., Heinze, J., Miller, A., 2017. Cortisol profiles differ
by race/ethnicity among young sexual minority men. Psychoneuroendocrinology
75, 1–4.

Corliss, H., Cochran, S., Mays, V., 2002. Reports of parental maltreatment during child-
hood in a United States population-based survey of homosexual, bisexual, and het-
erosexual adults. Child Abuse Negl. 26, 1165–1178.

Del Giudice, M., 2009. Sex, attachment, and the development of reproductive strategies.
Behav. Brian Sci. 32, 1–67.

Del Giudice, M., 2010. Sex differences in attachment emerge in middle childhood: an
evolutionary hypothesis. Child Dev. Perspect. 4, 97–105.

Del Giudice, M., 2011. Sex differences in romantic attachment: a meta-analysis. Pers. Soc.
Psychol. Bull. 37, 193–214.

Dyar, C., Taggart, T.C., Rodriguez-Seijas, C., Thompson Jr, R.G., Elliott, J.C., Hasin, D.S.,
Eaton, N.R., 2018. Physical health disparities across dimensions of sexual orientation,
race/ethnicity, and sex: evidence for increased risk among bisexual adults (Epub
ahead of print). Arch. Sex. Behav. 1–18.

Goodman, L.A., Corcoran, C., Turner, K., Yuan, N., Green, B.L., 1998. Assessing traumatic
event exposure: General issues and preliminary findings for the stressful life events
screening questionnaire. J. Trauma. Stress 11, 521–542.

Hatzenbuehler, M.L., Nolen-Hoeksema, S., Dovidio, J., 2009. How does stigma “get under
the skin”?: The mediating role of emotion regulation. Psychol. Sci.: A J. Am. Psychol.
Soc./APS 20, 1282–1289.

Institute of Medicine, 2011. The Health of Lesbian, Gay, Bisexual and Transgender
People: Building a Foundation for Better Understanding. The National Academies
Press, Washington, DC.

Juster, R.-P., Bockting, W., 2017. Stigma, social support, and diurnal stress biomarkers
among race/ethnic diverse gay and lesbian elders. Abstr./Psychoneuroendocrinol.
83S, 89.

Juster, R.P., Smith, N.G., Ouellet, E., Sindi, S., Lupien, S.J., 2013. Sexual orientation and
disclosure in relation to psychiatric symptoms, diurnal cortisol, and allostatic load.
Psychosom. Med. 75, 103–116.

Juster, R.-P., Hatzenbuehler, M.L., Mendrek, A., Pfaus, J.G., Smith, N.G., Johnson, P.J.,
Lefebvre-Louis, J.-P., Raymond, C., Marin, M.-F., Sindi, S., Lupien, S.J., Pruessner,
J.C., 2015. Sexual orientation modulates endocrine stress reactivity. Biol. Psychiatry
77, 668–676.

Karhula, K., Härmä, M., Sallinen, M., Lindholm, H., Hirvonen, A., Elovainio, M., Kivimaki,
M., Vahtera, J., Puttonen, S., 2016. Association of job strain with cortisol and alpha-
amylase among shift-working health care professionals in laboratory and field. Biol.
Res. Nurs. 18, 101–112.

Katz-Wise, S.L., Hyde, J.S., 2012. Victimization experiences of lesbian, gay, and bisexual
individuals: a meta-analysis. J. Sex. Res. 49, 142–167.

Kuras, Y.I., McInnis, C.M., Thoma, M.V., Chen, X., Hanlin, L., Gianferante, D., Rohleder,
N., 2017. Increased alpha-amylase response to an acute psychosocial stress challenge
in healthy adults with childhood adversity. Dev. Psychobiol. 59, 91–98.

Lucini, D., Norbiato, G., Clerici, M., Pagani, M., 2002. Hemodynamic and autonomic
adjustments to real life stress conditions in humans. Hypertension 39, 184–188.

Lucini, D., Di Fede, G., Parati, G., Pagani, M., 2005. Impact of chronic psychosocial stress
on autonomic cardiovascular regulation in otherwise healthy subjects. Hypertension
46, 1201–1206.

Meyer, I.H., 2003. Prejudice, social stress, and mental health in lesbian, gay, and bisexual

populations: conceptual issues and research evidence. Psychol. Bull. 129, 674–697.
Miller, G.E., Chen, E., Zhou, E.S., 2007. If it goes up, must it come down? Chronic stress

and the hypothalamic-pituitary-adrenocortical axis in humans. Psychol. Bull. 133,
25–45.

Nater, U.M., Rohleder, N., 2009. Salivary alpha-amylase as a non-invasive biomarker for
the sympathetic nervous system: current state of research.
Psychoneuroendocrinology 34, 486–496.

Nater, U.M., La Marca, R., Florin, L., Moses, A., Langhans, W., Koller, M.M., Ehlert, U.,
2006. Stress-induced changes in human salivary alpha-amylase activity—associations
with adrenergic activity. Psychoneuroendocrinology 31, 49–58.

Nater, U.M., Rohleder, N., Schlotz, W., Ehlert, U., Kirschbaum, C., 2007. Determinants of
the diurnal course of salivary alpha-amylase. Psychoneuroendocrinology 32,
392–401.

Oskis, A., Loveday, C., Hucklebridge, F., Thorn, L., Clow, A., 2011. Anxious attachment
style and salivary cortisol dysregulation in healthy female children and adolescents.
J. Child Adolesc. Psychiatr. 52, 111–118.

Pongratz, G., Straub, R.H., 2014. The sympathetic nervous response in inflammation.
Arthritis Res. Ther. 16 (504), 501–512.

Porges, S.W., 2007. The polyvagal perspective. Biol. Psychol. 74, 116–143.
Remafedi, G., Resnick, M., Blum, R., Harris, L., 1992. Demography of sexual orientation

in adolescents. Pediatrics 89, 714–721.
Roberts, A.L., Austin, S.B., Corliss, H.L., Morris, A., Koenen, K., 2010. Pervasive trauma

exposure among U.S. sexual orientation minority adults linked to posttraumatic stress
disorder risk. Am. J. Publ. Health 100, 2433–2441.

Roberts, A.L., Rosario, M., Corliss, H.L., Koenen, K., Austin, S.B., 2012. Elevated risk of
posttraumatic stress in sexual minority youths: mediation by childhood abuse and
gender nonconformity. Am. J. Publ. Health 102, 1587–1593.

Rosario, M., 2015. Implications of childhood experiences for the health and adaptation of
lesbian, gay, and bisexual individuals: sensitivity to developmental process in future
research. Psychol. Sex. Orientat. Gend. Divers. 2, 214–224.

Rosario, M., Schrimshaw, E.W., Hunter, J., Gwadz, M., 2002. Gay-related stress and
emotional distress among gay, lesbian, and bisexual youths: a longitudinal ex-
amination. J. Consult. Clin. Psychol. 70, 967–975.

Rosario, M., Reisner, S.L., Corliss, H.L., Wypij, D., Calzo, J.P., Austin, S.B., 2014a. Sexual-
orientation disparities in substance use in emerging adults: a function of stress and
attachment paradigms. Psychol. Addict. Behav. 28, 790–804.

Rosario, M., Reisner, S.L., Corliss, H.L., Wypij, D., Frazier, A.L., Austin, S.B., 2014b.
Disparities in depressive distress by sexual orientation in emerging adults: the roles of
attachment and stress paradigms. Arch. Sex. Behav. 43, 901–916.

Rosner, B., Cook, N., Portman, R., Daniels, S., Falkner, B., 2008. Determination of blood
pressure percentiles in normal-weight children: some methodological issues. Am. J.
Epidemiol. 167, 653–666.

Rudolph, K.D., Troop-Gordon, W., Granger, D.A., 2010. Peer victimization and aggres-
sion: moderation by individual differences in salivary cortisol and alpha-amylase. J.
Abnorm. Child Psychol. 38.

Russell, S.T., Sinclair, K.O., Poteat, V.P., Koenig, B.W., 2012. Adolescent health and
harassment based on discriminatory bias. Am. J. Publ. Health 102, 493–495.

Skoluda, N., La Marca, R., Gollwitzer, M., Müller, A., Limm, H., Marten-Mittag, B.,
Gündel, H., Angerer, P., Nater, U.M., 2017. Long-term stability of diurnal salivary
cortisol and alpha-amylase secretion patterns. Physiol. Behav. 175, 1–8.

Smyth, N., Thorn, L., Oskis, A., Hucklebridge, F., Evans, P., Clow, A., 2015. Anxious
attachment style predicts an enhanced cortisol response to group psychosocial stress.
Stress 18, 143–148.

Thoma, M.V., Joksimovic, L., Kirschbaum, C., Wolf, J.M., Rohleder, N., 2012a. Altered
salivary alpha-amylase awakening response in Bosnian War refugees with posttrau-
matic stress disorder. Psychoneuroendocrinology 37, 810–817.

Thoma, M.V., Kirschbaum, C., Wolf, J.M., Rohleder, N., 2012b. Acute stress responses in
salivary alpha-amylase predict increases of pasma norepinephrine. Biol. Psychol. 91,
342–348.

van Veen, J.F., van Vliet, I.M., DeRijk, R.H., van Pelt, J., Mertens, B., Zitman, F.G., 2008.
Elevated alpha-amylase but not cortisol in generalized social anxiety disorder.
Psychoneuroendocrinology 33, 1313–1321.

Yoon, S.A., Weierich, M.R., 2016. Salivary biomarkers of neural hypervigilance in
trauma-exposed women. Psychoneuroendocrinology 63, 17–25.

S.B. Austin et al. Psychoneuroendocrinology 97 (2018) 78–85

85

http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0030
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0030
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0030
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0035
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0035
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0035
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0035
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0040
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0040
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0045
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0045
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0050
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0050
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0050
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0055
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0055
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0055
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0060
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0060
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0060
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0065
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0065
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0070
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0070
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0075
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0075
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0080
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0080
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0080
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0080
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0085
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0085
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0085
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0090
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0090
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0090
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0095
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0095
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0095
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0100
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0100
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0100
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0105
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0105
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0105
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0110
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0110
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0110
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0110
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0115
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0115
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0115
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0115
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0120
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0120
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0125
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0125
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0125
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0130
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0130
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0135
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0135
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0135
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0140
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0140
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0145
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0145
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0145
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0150
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0150
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0150
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0155
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0155
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0155
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0160
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0160
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0160
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0165
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0165
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0165
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0170
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0170
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0175
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0180
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0180
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0185
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0185
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0185
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0190
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0190
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0190
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0195
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0195
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0195
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0200
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0200
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0200
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0205
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0205
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0205
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0210
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0210
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0210
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0215
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0215
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0215
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0220
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0220
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0220
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0225
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0225
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0230
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0230
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0230
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0235
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0235
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0235
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0240
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0240
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0240
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0245
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0245
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0245
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0250
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0250
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0250
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0255
http://refhub.elsevier.com/S0306-4530(18)30089-1/sbref0255

	Sexual orientation and salivary alpha-amylase diurnal rhythms in a cohort of U.S. young adults
	Introduction
	Methods
	Study sample
	Survey measures
	Sexual orientation
	Brief questionnaire

	Salivary sample collection and assays
	Statistical analyses

	Results
	Discussion
	Conclusion
	Role of funding sources
	Contributors
	Conflict of interest
	Acknowledgments
	References




