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Abstract

Background

Many previous studies have indicated that individuals who are depressed or at risk for depression are
characterized by increased levels of morning cortisol and a greater cortisol awakening response
(CAR). However, despite the high comorbidity between depressive and anxiety disorders, fewer
studies have examined whether these diurnal cortisol abnormalities are also characteristic of
anxiety or risk for anxiety.
Methods
In the present study we examined cortisol in a community sample of 476 female adolescents and

related it to maternal history of depression and/or anxiety disorders. Salivary cortisol was
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collected at waking, 30 minutes post waking, and in the evening on three weekdays. Results:
Contrary to prior results, offspring at risk for depression did not have increased morning cortisol
or CAR. However, offspring at risk for anxiety disorders had elevated 30 minute cortisol and
total cortisol produced throughout the day; this effect was primarily driven by offspring of
mothers with panic disorder or agoraphobia. Additionally, levels of cortisol were highest among
offspring of mothers with multiple anxiety diagnoses.

Limitations

The study is limited to female adolescents and maternal diagnostic history. Additionally, some
diagnoses could not be examined as a result of too few cases (e.g. GAD).

Conclusions

Overall, these results underscore the importance of considering anxiety when examining the
association of diurnal cortisol abnormalities with risk for psychopathology, as it may have

influenced prior observations of elevated morning cortisol in depression.
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Introduction

Response to stress is thought to play a major role in the etiology of depression (Brown,
Bifulco, & Harris, 1987), which has led to a large literature examining associations of depression
with salivary cortisol, an easily accessible index of the limbic-hypothalamic-pituitary-adrenal
axis (LHPA), the primary biological stress system. Salivary cortisol has a diurnal pattern that is
characterized by a sharp increase shortly after waking referred to as the cortisol awakening
response (CAR; e.g. Fries, Dettenborn, & Kirschbaum, 2009; Wust et al., 2000), followed by a
decrease throughout the rest of the day. Several studies have found that depressed individuals
exhibit increased morning salivary cortisol and an elevated CAR compared to healthy controls
(e.g. Bhagwagar, Hafizi, & Cowen, 2005; Pruessner, Hellhammer, Pruessner, & Lupien, 2003;
Vreeburg et al., 2009). Although there have been some conflicting reports (Huber, Issa, Schik, &
Wolf, 2006; Stetler & Miller, 2005), a meta-analysis indicates that morning cortisol is elevated in
depression (Stetler & Miller, 2011).

Morning cortisol and CAR have also been posited to serve as vulnerability markers for
the subsequent development of depression. For example, studies of child, adolescent, and adult
offspring of depressed mothers have exhibited increased morning cortisol and/or CAR relative to
offspring of never depressed mothers (e.g. Dougherty, Klein, Olino, Dyson, & Rose, 2009;
Dougherty et al., 2013; Foland-Ross, Kircanski, & Gotlib, 2014; Halligan, Herbert, Goodyer, &
Murray, 2004; LeMoult, Chen, Foland-Ross, Burley, & Gotlib, 2015; Vreeburg, Hartman, et al.,
2010). In addition, several studies have reported that increased morning cortisol and CAR predict
the onset of depression (Adam et al., 2010; Goodyer, Herbert, Tamplin, & Altham, 2000; Harris

et al., 2000; but see Carnegie et al., 2014 for negative findings).
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Despite the well-established comorbidity between depression and anxiety, (e.g.
Cummings, Caporino, & Kendall, 2014), less is known about the association of cortisol and CAR
with common anxiety disorders such as specific phobia, social phobia, and panic/agoraphobia
(posttraumatic stress disorder, no longer classified as an anxiety disorder, has been much better
studied). A small, but growing body of research suggests that morning cortisol and CAR are also
elevated in anxious individuals (e.g. Mantella, et al., 2008; Vreeburg, Zitman, et al., 2010).
However, others find decreased morning cortisol in individuals with anxiety disorders (Hek et
al., 2013). Unfortunately, most studies have either collapsed across all anxiety disorders or
examined only a single anxiety disorder; hence, it is unclear whether particular forms of anxiety
have differential associations with cortisol.

There are also fewer studies examining morning cortisol/CAR as a vulnerability marker
of anxiety in offspring. However, similar to the literature on cortisol and risk for depression, a
few studies have reported increased morning cortisol in offspring of mothers with anxiety
disorders. Studies of 6-year old (Dougherty et al., 2013) and adult (\Vreeburg, Hartman, et al.,
2010) offspring of mothers with anxiety disorders found increased morning cortisol and CAR
compared to controls, although one study found decreased CAR in adolescents as a function of
maternal prenatal anxiety (O’Donnell, et al., 2013). In addition, there is recent evidence that
increased CAR predicts the first onset of social anxiety disorder in young adults (Adam et al.,
2014).

Thus, offspring and prospective studies suggest that increased morning cortisol/CAR may
be a vulnerability marker for depression. A similar pattern of increased morning cortisol/CAR
may also be a vulnerability factor for anxiety disorders, but the literature is limited. Additionally,

most studies of salivary cortisol in individuals at risk for depression and anxiety compare
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offspring of parents with and without only one of these disorders rather than look among anxiety
disorders, and do not consider comorbidity. The only two studies to consider this question were
in conflict, with one reporting that increased morning cortisol in offspring at risk for anxiety is
largely explained by risk for depression (Vreeburg, Hartman et al., 2010), whereas the other
found increased morning cortisol in offspring at risk for anxiety even after adjusting for maternal
depression (Dougherty et al., 2013).

In the present study, a cohort of female adolescents provided salivary cortisol at waking,
30 minutes post waking, and in the evening. We examined whether offspring cortisol was
differentially associated with maternal histories of anxiety and depression taking comorbidity

into account as well as diagnoses in the offspring themselves.

Methods
Participants

A sample of 550 adolescent females with at least one available biological parent were
recruited from Long Island, New York, to participate in the Adolescent Development of
Emotions and Personality Traits (ADEPT) study. Details of the recruitment and inclusion criteria
can be found elsewhere (Nelson et al., 2015). Briefly, girls in the sample were included if they
were between ages 13.5-15.5, fluent in English such that they could independently
read/understand questionnaire materials, and had at least one biological parent available for
participation. While not the focus of the current study, this project was designed to identify
predictors of the first onset of depression. Therefore, families were excluded if the adolescent
was suspected of having met criteria for either depressive disorder or dysthymia based on a

phone screen using the Patient Health Questionnaire (PHQ-9; Kroenke, Spitzer, & Williams,
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2001) or in person diagnostic interview using the Kiddie Schedule for Affective Disorders and
Schizophrenia for School-Age Children, Present and Lifetime Version (K-SADS; Kaufman et al.
1997). Families were also excluded if the adolescent was suspected of having an intellectual
disability.

We excluded participants if they did not complete at least one full day of saliva sampling
that met quality standards described below (N=21), if the diagnostic interview was not conducted
with the mother (N=39), or if the participant did not report information on puberty status (N=10).
We also excluded offspring of mothers who were diagnosed with PTSD, GAD, and OCD, but no
other diagnosis (N = 4) because there were too few cases to analyze as separate groups. Thus,
the final analysis sample includes 476 adolescent offspring. Adolescents had an average age of
14.4 years of age (SD = .62) and were predominately white and non-Hispanic (N = 387, 81.3%).
Most families had at least one parent who completed a 4-year college degree (N = 315, 66.2%).
Pubertal development using the total Tanner pictures score (Morris & Udry, 1980) for this
sample was an average of 7.76 (SD =1.27) on a scale of 1-10 and suggesting that most girls
were nearing completion of the development of secondary sex characteristics. Self-reported
pubertal development on the Pubertal Development Scale (Petersen et al. 1988) averaged 12.93
(SD = 1.95) out of a possible 16 with the vast majority of girls (83.4%) having reached menarche
(pubertal measures described in greater detail below). Most participants were not taking
medication at the time of assessment; 12 reported taking medication for depression or anxiety, 13
reported taking medication for ADHD, and 37 reported taking allergy medication.

Maternal psychopathology
The Structured Clinical Interview for the DSM-1V (SCID; First et al. 1996) was used to

assess parental psychopathology. Where applicable, dates of disorder onset and offset were
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calculated for the mother’s first episode and current episode. All interviews were conducted by
trained research staff and supervised by experienced clinical psychologists (R. K., G. P., and D.
K.). Inter-rater reliability was established using 25 SCID recordings and ranged from fair to
excellent (kappa = .69-1.00 with the lowest for specific phobia and the highest for panic). While
the SCID was completed with the participating parent regardless of gender, only 39 fathers
completed the SCID (7% of the overall sample). We excluded these cases from the analysis
sample as we would not have had sufficient power to examine effects of psychopathology
differences by parent gender on offspring cortisol. Therefore, the present study only uses data
concerning maternal diagnoses (final N = 476).

Maternal lifetime diagnoses included major depressive or dysthymic disorders (N = 101),
panic disorder (N =44), agoraphobia (N =6), specific phobia (N = 92), social phobia (N = 84),
GAD (N =16), PTSD (N = 18), and OCD (N = 6). Of 225 mothers with at least one diagnosis, 91
mothers (41.2%) had comorbid depression and anxiety. Of mothers with only a single depression
or anxiety diagnosis, 46 had a depressive disorder, 10 had panic or agoraphobia, 39 specific
phobia, 36 social phobia, and none had only GAD, PTSD, or OCD. Therefore, offspring with of
mothers with a history of only GAD, PTSD, or OCD were excluded from analyses because of
low caseness (defined as < 20 cases). However, to ensure that our results were not altered by
excluding offspring of mothers with pure diagnoses of GAD, PTSD, and OCD, we repeated our
analyses including these participants and found that the results did not change. In analyses,
panic disorder and agoraphobia were collapsed (N = 50); however, results did not differ when
using panic alone.

Based on evidence that timing of parental psychopathology can influence association

with offspring cortisol (e.g., Halligan et al., 2004), we examined two aspects of the timing of
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maternal diagnoses in relation to the offspring’s cortisol assessment: 1) current diagnosis at time
of saliva collection vs. remitted and 2) prenatal onset vs. postnatal onset. For the maternal
diagnoses included in analyses diagnostic status was: 16 current and 85 remitted for depressive
or dysthymic disorder, 44 and 48 for specific phobia, 27 and 57 for social phobia, and 9 and 41
for panic/agoraphobia. Timing of onset was: 70 after birth of the participant and 31 prior for
depressive disorders, 17 and 71 for specific phobia (onset is unknown for four mothers), 5 and 76
for social phobia (unknown for three), and 17 and 32 for panic/agoraphobia (unknown for one).
Adolescent psychopathology

The Kiddie Schedule for Affective Disorders and Schizophrenia Present and Lifetime
version (K-SADS; Kaufman et al. 1997) was used to assess psychopathology in the adolescent
offspring typically within 1 week of cortisol sampling. The K-SADS interview was conducted
individually with the participating offspring. All interviews were conducted by trained research
staff and supervised by experienced clinical psychologists (R. K., G. P., and D. K.). The number
of interviews that were double coded for reliability differed across diagnoses (N = 27-31) and
reliability ranged from fair to excellent (Kappa = .51-.83; lowest for social phobia, highest for
specific phobia).

Offspring lifetime diagnoses included depression not otherwise specified (N = 30), panic
(N =3), specific phobia (N = 60), social phobia (N = 46), GAD (N =18), PTSD (N =0), and OCD
(N =7). Of the 127 adolescents with diagnoses, 28 (22%) had multiple disorders. We examined
bivariate associations with point-biserial correlations among offspring diagnoses and diurnal
cortisol, finding that offspring diagnosed with social phobia had higher CAR (r = .10, p < .05)
and AUC daily (r =.09, p <.05). No other diagnoses where significantly correlated with

cortisol. To be conservative, we included offspring diagnoses of panic/agoraphobia, specific
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phobia, social phobia, and depression NOS as covariates in multivariate models even though
most offspring diagnoses did not demonstrate bivariate associations.
Pubertal development
Pubertal development was assessed using two self-report measures. The Pubertal

Development Scale (PDS; Petersen et al. 1988) includes 5 items assessing body hair, skin
changes, breast growth, and menarche. Items are rated on a 4-point scale ranging from 1 (not yet
started) to 4 (seems complete), with the exception of menarche, which is rated as yes/no. A
second measure assessed pubic hair and breast growth using pictorial representations of Tanner’s
5 stages of development ranging from 1-5 (prepubertal to fully matured; Morris & Udry, 1980).
The PDS and Tanner picture ratings were individually summed, z-scored, and the sum of two z-
scores was used to yield a single measure of pubertal status. Lastly, self-reported height and
weight were used to calculate body mass index (BMI).
Parenting

The Parental Bonding Instrument (PBI; Parker, Tupling & Brown, 1979) is a widely used
self-report measure of two primary parenting dimensions, care (12 items) and overprotection (13
items). Participants were instructed to describe how much a phrase characterized their mother’s
behavior using a 5-point Likert scale ranging from 1 (Very like) to 5 (Very unlike). A typical
question that characterizes the care scale is, “Enjoys talking things over with me,” whereas a
question from the overprotectiveness scale is, “Invades my privacy.” The PBI exhibits strong test
re-test reliability even over 10 years (.63 for care and .68 for overprotectiveness; Wilhelm &
Parker, 1990). The internal consistency of PBI in the present sample was acceptable, with alphas

of .89 for care and .79 for overprotectiveness.
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Bullying

The Revised Peer Experiences Questionnaire (RPEQ); De Los Reyes & Prinstein, 2004; Prinstein,
Boergers, & Vernberg, 2001) is a self-report measures designed to assess overt and indirect
forms of peer victimization and bullying perpetration in adolescents. The current study used
three scales: reputational victimization, relational victimization, and overt bullying. Items were
answered using a 5-point Likert scale ranging from 1 (Never) to 5 (A few times a week). The
construct validity of the RPEQ is supported by correlations with peer-reported victimization and
exhibits test-retest reliability coefficients of .48-.52 over a 6 month interval (Prinstein, Boergers,
& Vernberg, 2001). In the present sample, the internal consistency of the RPEQ was acceptable-
good with alphas of .89 for reputational victimization, .82 for relational victimization, and .70 for

the overt bullying scale.

Salivary cortisol

Families were given verbal and written instruction along with a cortisol collection Kit.
These kits included a standard kitchen timer; synthetic saliva-collection rolls placed inside of a
MEMSCap™ bottle that recorded time of each opening and thus saliva sampling; tubes (color
coded according to sampling time) for each synthetic roll once the sample had been collected:;
and a paper diary to record the time of waking, when samples were collected, and any
noteworthy events (e.g. eating/drinking, waking at an unusual time). Adolescents were told to
place a synthetic roll in their mouth and to saturate it with saliva, then place rolls into the
appropriate tube. Adolescents were instructed to provide three samples, immediately upon

waking, 30 minutes after waking, and approximately 8:00 pm on three consecutive weekdays.
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Sampling on weekdays was prioritized over sampling on the weekend such that some
participants could provide two consecutive days and then a third non-consecutive weekday (e.g.
Thursday, Friday, and then the following Monday). In rare instances, individuals collected a
single day of samples on the weekend (N = 7). Lastly, families were asked not to sample cortisol
within two weeks of starting the academic school year. A short video clip explaining the cortisol
collection was posted online and viewing it was encouraged (SB ADEPT, 2012).

In addition to the adolescents’ self-report of sampling times, families also were informed
that the bottle with swabs contained a computer chip (MEMSCap™) that would create a time
stamp whenever the bottle was opened, and that good agreement between time stamps and
sampling times recorded in the diary would be reimbursed with a bonus $10 gift card. The
MEMs sample time was prioritized over the self-reported time when determining sample
collection time. The kitchen timer was used to help families ensure that they completed the 30-
minute sample at the scheduled time. Families were contacted prior to starting collection to
reiterate instructions and address any procedural questions. Staff continued to check-in with
families throughout the collection process. Samples were returned via the US Postal Service and
then frozen at -80°C until assayed using time-resolved immuno-assay with fluorescence
detection (DELFIA). Duplicate assays were examined with average coefficient of variation (CV)
where values greater than 12% for cortisol values greater than 5 nmol/L were reanalyzed. The
average of the two assay values was used for analysis.

Salivary cortisol sample exclusion

Samples were excluded if the adolescent reported being sick or if the cortisol level was

more than 3 SD above the mean for the cohort. Samples were also excluded if they fell outside

the following time windows: waking samples taken more than 10 minutes after waking time, 30-
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minute samples taken less than 15 or more than 45 minutes after waking, and evening samples
taken before 16:00 hours or after 24:00 hours. Lastly, participants were only included in analyses
if they had at least 1 day with all 3 samples meeting inclusion criteria.

Of the analysis sample, compliance with protocol was very high; 382 (80.3%)
participants had 3 days with all 9 samples completed, another 77 (16.2%) had at least 2 days with
all samples completed and only 17 (3.5%) had a single day with all samples completed.
Excluding the participants with only one day of samples did not alter results.

Data analysis

Prior to conducting inferential statistics all individual cortisol samples were adjusted for
sampling time since waking using regression. Next, we calculated CAR with respect to increase
(the difference between the 30 minute and waking samples) and total daily cortisol throughout
the day with respect to ground (AUCdaily; the area under the curve for the waking, 30 minute,
and evening samples). We calculated mean waking, 30 minute, evening, CAR, and AUCdaily
across all available days. To determine covariates to include in our models, we calculated
correlations of these cortisol markers with offspring age, BMI, PDS composite, time of waking,
offspring medication usage, parenting style, peer relationships, mother’s marital status, and
highest level of education by a parent as a proxy for socioeconomic status. Wake time was
significantly correlated with the waking sample and CAR (r =.10 and r = -.15, ps < .05). Age
was significantly correlated with CAR and AUCdaily (r = .11 and r = .10, ps < .05, respectively).
PDS was significantly correlated with the evening sample, CAR, and of AUCdaily (r =.12; r =
.10; and r =.09, ps < .05, respectively). In bivariate analyses, medication for mood problems
(depression/anxiety) use was not significantly associated with cortisol, but a trend emerged for

lower AUCdaily (r =-.09, p =.054). To be conservative, we repeated all analyses with
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medication for mood problems as a covariate, but the results did not differ. Therefore, the final
list of covariates included age, wake time, and PDS in all multivariate models.

First, we conducted t-tests to compare cortisol at waking, 30 minutes, evening, CAR, and
AUCdaily in offspring of mothers with histories of depression, panic/agoraphobia, social phobia,
or specific phobia to offspring of mothers without any internalizing history. We then conducted
multiple linear regression analyses to explore unique variance in cortisol explained by each
specific diagnosis, while using age, wake time, PDS, and offspring diagnoses of depressive or
anxiety disorders as covariates. For example, in one model waking cortisol was the dependent
variable and maternal history of specific phobia, panic/agoraphobia, social phobia, and
depressive disorder were independent variables. We ran all analyses twice, once including and
once excluding offspring of mothers with PTSD, GAD, or OCD but no other diagnoses of
interest (N=4). We also conducted analyses exploring the effect of the timing of maternal
disorders on offspring cortisol. Specifically, we examined whether current vs. remitted
diagnostic status as well as onset of maternal disorder before or after the child’s birth was related
to offspring cortisol. All data analyses were completed using SPSS version 21 (IBM).

Results
Individual maternal internalizing disorders

First, we conducted t-tests comparing offspring of mothers with each specific diagnosis
to offspring without a maternal history of panic/agoraphobia, specific phobia, social phobia, or
depression (see Table 1). Offspring with a maternal history of any of the disorders did not differ
from offspring without a maternal history of those disorders on the waking sample. Although,
offspring of mothers with social phobia had elevated cortisol at a trend level (t(333) =1.86, p =

.07). However, for the 30 minute sample, offspring of mothers with panic or agoraphobia had



MATERNAL DEPRESSION, ANXIETY, AND CORTISOL 14

significantly higher cortisol than offspring of mothers without (t(299) = 2.40, p < .02). Similarly,
for the 30 minute sample, offspring of mothers with social phobia had significantly higher
cortisol than control offspring (t(333) = 2.11, p < .05). However, offspring of mothers with
depression and specific phobia did not differ from offspring of mothers without internalizing
disorders. For the evening sample, offspring of mothers with specific phobia showed a trend for
higher cortisol levels (t(341) = 1.75, p =.08).

Offspring of mothers with internalizing disorders did not statistically differ on CAR
compared to controls (Table 1). Specifically, offspring of mothers with panic/agoraphobia, t(299)
= 1.63, p > .05; social phobia, t(333) = 1.13, p > .05; specific phobia, t(341) = 1.13, p > .05; and
depressive disorders, t(350) =.29, p > .05, did not differ from control offspring.

Next, we compared AUCdaily in offspring of mothers with histories of specific
internalizing disorders to offspring of mothers without a history of panic/agoraphobia, specific
phobia, social phobia, or depression (see Figure 1). Offspring of mothers with panic/agoraphobia
produced significantly more cortisol throughout the day than control offspring, t(299) = 2.95, p <
.005. Similarly, offspring of mothers with social phobia produced significantly more cortisol
throughout the day compared to offspring without, t(333) = 2.65, p < .01. Lastly, offspring of
mothers with specific phobia showed a trend to produce more cortisol than offspring without,
t(341) = 1.88, p =.06. However, AUCdaily for offspring of mothers with depression did not
significantly differ from offspring of mothers without anxiety or depression, t(350) = .48, p >
.05.

Unique effects of maternal diagnoses on offspring cortisol
Using multiple regression, we examined the unique effects of each maternal anxiety and

depressive disorder on their offspring’s 30-minute cortisol and AUCdaily, while controlling for
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wake time, offspring age, pubertal status, and offspring psychopathology (see Table 2). The 30-
minute cortisol and AUCdaily where selected, since the t-tests described above found
associations with maternal psychopathology. When controlling for other maternal diagnoses, 30-
minute cortisol and AUCdaily were significantly elevated in offspring of mothers with
panic/agoraphobia. 30-minute cortisol was elevated at a trend level and AUCdaily was
significantly elevated in offspring of mothers with social phobia.
Effects of multiple versus single anxiety diagnoses

Additionally, we examined whether offspring cortisol at 30 minutes post waking and
AUCdaily varied as a function of number of maternal anxiety diagnoses as the previous analyses
suggest that anxiety, but not depression are associated with elevated cortisol. Using multiple
regression we entered a count of the total number of maternal anxiety diagnoses, age, wake time,
pubertal status, and a count variable of offspring anxiety diagnoses as predictors. 303 offspring
did not have a maternal history of anxiety disorders, 128 offspring had a mother with one anxiety
diagnosis, 37 offspring had a maternal history of two anxiety diagnosis, and 8 offspring had three
(the most possible). We found a significant linear effect for the number of maternal anxiety
diagnoses, such that offspring of mothers with more anxiety disorders had greater cortisol 30
minutes post waking, = .12, p <.05; and greater AUCdaily, $ = .15, p <.001. We also tested a
model with a quadratic term, however the squared term was not significant for either cortisol 30
minutes post waking, g =-.12, p >.05 or greater AUCdaily, g =-.04, p >.05.
Effect of timing of maternal diagnosis

Finally, we examined effect of the timing of maternal diagnosis on offspring cortisol in
two ways. First, ANCOVA models examined whether current vs. remitted disorder status

influenced each cortisol marker, while controlling for age, wake time, and pubertal status (Table
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3). These analyses were limited to mothers with a current or past episode of the disorder;
mothers with no history of the disorder were not included. Effects of both maternal social phobia
and depression were both non-significant in these models. Effects of maternal specific phobia
were all non-significant except for the evening sample (F(1, 87) = 4.69, p < .05), such that
offspring of mothers with remitted specific phobia had higher cortisol than offspring of mothers
with current specific phobia. Effects of panic/agoraphobia were all non-significant except for the
CAR, (F(1, 45) = 4.54, p < .05, such that offspring of mothers with remitted panic/agoraphobia
had a higher CAR than those with current panic/agoraphobia. However, this result should be
interpreted with caution as only 9 mothers had a current diagnosis.

We used a similar ANCOVA approach to explore the effect of maternal diagnostic onset
prior vs. after the child’s birth using offspring age, wake time, and pubertal status as covariates
(see Table 4). None of the models for specific phobia, social phobia, panic/agoraphobia, or
depression produced significant differences, indicating that cortisol in offspring of mothers with
onsets prior to the child’s birth did not significantly differ from cortisol in offspring of mothers
with onsets after the child’s birth.

Discussion

In the current study, we explored the patterns of salivary cortisol in female adolescents of
mothers with and without common internalizing disorders. In bivariate analyses, we found that
offspring with a maternal history of either panic/agoraphobia or social phobia had significantly
higher cortisol levels at 30 minutes post waking to offspring of mothers without
panic/agoraphobia, specific phobia, social phobia, or depression. Offspring of mothers with
histories of panic/agoraphobia and social phobia also exhibited higher total cortisol throughout

the day compared to control offspring. Furthermore, a similar pattern of results was evident in
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offspring of mothers with panic/agoraphobia even after adjusting for the other maternal anxiety
and depressive disorders, offspring age, wake time, pubertal status, and offspring
psychopathology. However, the effect of maternal history of social phobia on AUCdaily
remained significant, but the effect on 30 minute cortisol was no longer significant when
including covariates. We also observed a linear relationship with the number of maternal anxiety
diagnoses, such that 30-minute cortisol and total daily cortisol levels were greater in offspring of
mothers with more anxiety diagnoses. Finally, we found a few instance in which timing of
maternal psychopathology influenced offspring cortisol, but this did not appear to explain
elevated cortisol seen in maternal history of either panic/agoraphobia or social phobia.

There have been relatively few studies examining diurnal salivary cortisol in individuals
with or at risk for anxiety disorders, and no studies have compared diurnal cortisol across risk for
several different anxiety disorders. Yet, our findings are consistent with reports of increased
cortisol in individuals at risk for panic and/or agoraphobia and social phobia. For instance,
Vreeburg, Hartman et al. (2010) found that adult offspring of parents with panic disorder
exhibited elevated CAR. In addition, Adam (2014) reported that increased CAR predicted the
subsequent onset of social phobia. However, there are few studies that have examined these
association and require replication is needed.

Our results suggest that increased 30 minute and total cortisol throughout the day may be
risk markers for the more severe anxiety disorders. Specifically, panic/agoraphobia and social
phobia are more pervasive and impairing than specific phobia (Alonso et al., 2004; Greenberg et
al., 1999). We also found that increased cortisol at 30 minutes and total cortisol over the course
of the day were linearly associated with the number of maternal anxiety diagnoses. This suggests

that the offspring with the highest loading of maternal anxiety (those most likely to develop
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anxiety themselves) are also at the greatest risk for having the most elevated cortisol, and raises
the possibility that elevated cortisol may play a role in the mediating effect of familial
vulnerability on the later development of anxiety disorder.

In contrast, offspring of mothers with a history of depression did not exhibit elevated
cortisol levels. This conflicts with previous studies which typically find increased cortisol in
offspring of depressed parents (e.g. Dougherty, Klein, Olino, Dyson, & Rose, 2009; Foland-
Ross, Kircanski, & Gotlib, 2014; LeMoult, Chen, Foland-Ross, Burley, & Gotlib, 2015;
Vreeburg, Hartman, et al., 2010). However, most of these studies used depressed parents who
received treatment in mental health care facilities (which often possess greater comorbidity) or
had recurrent or melancholic forms of depression, and our sample did not select for severe
depression. Additionally, our sample expressly excluded adolescents with past depression, and
previous studies of depressed parents indicate that offspring of depressed parents often have an
earlier onset of depression than offspring of healthy controls (Keller, et al., 1986; Weissman,
Warner, Wickramaratne, Moreau, & Olfson, 1997). Therefore, our sample of offspring of
depressed mothers may have been relatively more resilient or less severely afflicted by
depression. Alternatively, the absence of an effect for depressive disorders in our sample might
reflect a file-drawer problem in literature on the salivary cortisol risk for depression.

However, it is also possible that maternal comorbidity, and specifically anxiety disorders
that are not typically included in basal cortisol studies such as panic/agoraphobia and social
phobia, may account for inconsistent findings. Previous studies reporting on links between
maternal depression history and cortisol may not have fully accounted for the presence of these

comorbid anxiety diagnoses in mothers. Our analyses suggest that future studies examining



MATERNAL DEPRESSION, ANXIETY, AND CORTISOL 19

offspring of depressed mothers should explore maternal comorbid anxiety disorders and include
offspring of mothers with anxiety only to tease apart the effects of depression and anxiety risk.

The links between maternal psychopathology and offspring cortisol may be mediated by
genetic influences (e.g. Goldstein & Klein, 2014). However, there is also evidence indicating that
maternal depression and anxiety may affect offspring cortisol through a number of
environmental pathways. Maternal depression is associated with high levels of stress (e.g.
Hammen, 2005), and mothers who experience high levels of stress early in a child’s life have
offspring with elevated levels of cortisol (e.g. Essex, Klein, Cho, & Kalin, 2002). In addition,
depressed mothers may be more withdrawn in their parenting, which has been shown to increase
offspring cortisol levels (Murray, Halligan, Goodyer, & Herbert, 2010). Similarly, lower marital
quality, which is common in individuals with depression and anxiety (e.g. Aseltine & Kessler,
1993; McLeod, 1994) has been associated with higher waking cortisol in offspring (Pendry &
Adam, 2007). Thus, environmental stress and related psychosocial factors may account for our
findings. Our exploration of timing of maternal depression suggested that current specific phobia
and panic/agoraphobia had no effect or lowered cortisol.

In addition to examining offspring of parents with multiple specific internalizing
disorders, strengths of this study include a large sample, obtaining three days of salivary cortisol
samples, electronically monitoring the times that samples were collected, and very high sampling
compliance with 80.3% of subjects providing three days of quality samples. However, the study
also has several limitations. First, we were unable to look at effects of paternal history of
psychopathology, since very few fathers were assessed. Second, we were unable to closely
examine each type of anxiety diagnosis such as GAD. Third, the offspring sample was comprised

entirely of female adolescents, so the effects may not generalize to males or offspring of other
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ages. Fourth, although we examined several aspects of the timing of maternal psychopathology,
we did not directly assess the timing of episodes of maternal disorders during specific periods of
offspring postnatal development, which may be distinctly sensitive to stress and influence
cortisol (Halligan, Herbert, Goodyer, & Murray, 2004). Finally, only a subset of offspring at risk
for depression or anxiety by virtue of maternal disorder will ultimately develop internalizing
psychopathologies; long-term follow-up is necessary to determine whether elevated cortisol in
high-risk offspring predicts onset.

In conclusion, the present study fills a gap in the literature by examining diurnal salivary
cortisol in offspring at risk for anxiety, in addition to depressive disorders. We found that
offspring of parents with histories of social phobia and panic/agoraphobia exhibited increased
cortisol, but contrary to previous findings, offspring of parents with histories of depression did
not have increased cortisol. It is conceivable that some previous findings linking increased
cortisol to risk for depression are a result of unexamined comorbidity. Thus, this study highlights
the importance of assessing and examining a variety of forms of psychopathology when

evaluating cortisol as a risk marker.
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Figure 1. Daily cortisol area under the curve by maternal history of internalizing diagnoses.
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Table 1. Cortisol in offspring of mothers with specific internalizing disorders
No Maternal Matef”.a' Mate_rnal Maternal Panic Maternal
H.X. Specnflc SO.C al _ or Agoraphobia  Depression
Interrlallzmg (N Ph_obla Phobia (N= (N= 50) (N= 101)
=251) (N= 92) 84)
Waking M 7.25 7.49 8.07 8.12 7.30
(SD) 3.56 3.39 3.40 3.46 3.78
d - 0.06 0.23 0.25 0.02
p - 0.58 0.07 0.11 0.90
30 M 15.01 16.00 16.66 17.26 14.90
Minute (g 6.08 6.15 6.42 5.25 5.27
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- 0.16 0.26 0.38 -0.02

p - 0.18 0.04 0.02 0.87

Evening M 1.72 2.10 2.07 2.07 1.99
(SD) 1.63 2.18 2.34 2.61 2.20

d - 0.21 0.20 0.19 0.15

p - 0.08 0.12 0.21 0.21

CAR M 7.77 8.53 8.58 9.13 7.57
(SD) 5.48 5.83 6.32 5.02 5.82

d - 0.14 0.14 0.25 -0.03

p - 0.26 0.26 0.10 0.78

Note. Means, standard deviations, effect sizes, and p-values for cortisol samples (controlled for
time since waking and then averaged across all available samples for that time point) in offspring
without maternal internalizing history compared to offspring of mothers with common
internalizing diagnoses. The p-values are based on independent samples t-tests comparing

cortisol levels in offspring of mothers with a diagnosis compared to healthy controls. N = 476

Table 2. Regressions of offspring cortisol and unique effects of specific maternal diagnoses

30 Minute AUCdaily
Maternal Diagnosis p t p p t p
Specific Phobia .01 .26 .80 .05 1.09 .28
Social Phobia .09 1.87 .06 1.03 2.19 .03
Panic or
Agoraphobia 11 2.30 .02 A1 2.40 .02

Depression -.07 -1.53 13 -.05 -1.09 .28
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Covariates include offspring age, wake time, pubertal status, and offspring diagnoses including

specific phobia, social phobia, panic/agoraphobia, and depression NOS.

Table 3. ANCOVAs of current vs. remitted maternal diagnostic histories by disorder type.

Specific Phobia

Current N=44 Past N=48
Mean SD Mean SD F p
Waking 7.82 3.59 7.19 3.20 1.47 0.23
30 minute 17.04 6.02 15.05 6.18 2.71 0.10
Evening 1.57 1.08 2.58 2.77 5.74 0.02
CAR 9.24 5.62 7.88 6.00 1.04 0.31
AUCDaily 129.82 46.79 12383 4650  0.51 0.48
Social Phobia
Current N=27 Past N=57 F p
Waking 8.50 3.42 7.87 341 0.72 0.40
30 minute 17.47 5.87 16.27 6.69 0.58 0.45
Evening 1.90 1.40 2.16 2.69 0.25 0.62
CAR 8.98 6.07 8.39 6.48 0.11 0.74
AUCDaily 13555 = 48.18 129.70 4719  0.27 0.61
Panic/Agoraphobia
Current N=9 Past N=41 F p
Waking 9.63 4.44 7.79 3.18 1.49 0.23
30 minute 15.71 6.56 17.60 4.95 1.40 0.24
Evening 3.50 5.34 1.76 1.44 2.46 0.12
CAR 6.08 7.07 9.80 4.28 4.54 0.04
AUCDaily 133.85 3140 136.93 36.98 0.27 0.61
Depression
Current N=16 Past N=85 F p
Waking 7.99 4.86 7.17 3.56 0.51 0.48

31
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30 minute 13.28 6.78 15.20 4.93
Evening 2.80 4.03 1.83 1.65
CAR 5.26 6.38 8.01 5.65
AUCDaily 114.43 4857 11947 37.47

1.98
2.47
3.07
0.32

0.16
0.12
0.08
0.57

Table 4. ANCOVAs of maternal diagnostic onsets prior vs. after the birth of their child by

disorder type.

Specific Phobia

After child Born N=17

Before Child was born N=

71

Mean SD Mean SD F p
Waking 7.07 3.22 7.52 3.50 011 0.75
30 minute 17.02 6.65 15.63 6.17 081 0.37
Evening 2.07 1.62 2.09 2.34 0.00 0.95
CAR 9.98 5.43 8.13 6.00 133 0.25
AUCDaily 133.67 48.65 123.82 46.66 0.72 0.40

Social Phobia

After child Born N=5 Before Child V\%s born N= - )
Waking 9.04 3.18 7.97 3.48 021 0.65
30 minute 18.11 6.07 16.36 6.50 044 051
Evening 1.36 1.00 2.11 2.42 034 056
CAR 9.10 5.16 8.38 6.48 0.20 0.66
AUCDaily 134.08 44.32 129.77 47.61 0.09 0.76

Panic/Agoraphobia

After child Born N=17 Before Child vg:;s born N= - )
Waking 7.98 3.73 8.15 3.42 0.10 0.76
30 minute 16.15 4.94 17.82 5.47 1.08 0.30
Evening 2.20 3.94 2.06 1.63 <0.01 1.00
CAR 8.20 6.66 9.64 4.02 0.68 041
AUCDaily 129.13 29.31 140.31 39.15 122 0.27

Depression
. _ Before Child was born

After child Born N=70 N=31 = 0

Waking 7.67 4.08 6.49 2.90 2.08 0.15
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30 minute 14.92 5.50 14.84 4.82 0.00 0.97
Evening 2.03 2.49 1.89 1.37 0.04 0.84
CAR 7.24 6.17 8.33 4.96 091 034
AUCDaily 119.08 40.26 117.77 37.32 <0.01 0.99
Highlights

e Offspring at risk for anxiety disorders had higher cortisol 30 minutes post waking
e Offspring at risk for anxiety disorders had higher cortisol throughout the day

e The anxiety effect was primarily driven by maternal history of panic/agoraphobia
e Offspring of mothers with more anxiety diagnoses had the highest cortisol

e Maternal depression history was not associated with offspring cortisol
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