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Abstract

Objective—Older adults with anxiety disorders are burdened by impairment in neurocognition,
which may be mediated by elevated circulating cortisol levels. In a randomized controlled trial of
acute serotonin-reuptake inhibitor treatment for late-life anxiety disorder, we examined whether
change in salivary cortisol concentrations during treatment predicted improvements in measures of
memory and executive function.

Methods—We examined 60 adults aged 60 and older, who took part in a 12-week trial of
escitalopram vs. placebo for Generalized Anxiety Disorder. All subjects had pre- and post-
treatment assessments that included monitoring of peak and total daily cortisol and a
comprehensive neuropsychological evaluation.

Results—Salivary cortisol changes during treatment showed significant associations with
changes in immediate and delayed memory, but no association with executive tasks (measures of
working memory and set-shifting). Analyses suggested that a decrease in cortisol due to serotonin-
reuptake inhibitor treatment was responsible for the memory changes: memory improvement was
seen with cortisol reduction among patients receiving escitalopram, but not among patients
receiving placebo.
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Conclusion—Serotonin-reuptake inhibitor-induced alteration in circulating cortisol during
treatment of Generalized Anxiety Disorder predicted changes in immediate and delayed memory.
This finding suggests a novel treatment strategy in late-life anxiety disorders: targeting HPA axis
dysfunction to improve memory.
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Introduction

Preserving cognitive function is a key goal of treatment of older adults. Elders with anxiety
symptoms, or anxiety disorders such as Generalized Anxiety Disorder (GAD), have poorer
cognitive function than healthy elderly comparisons (Beaudreau and O’Hara, 2008). The
most consistent neuropsychological finding in late-life anxiety is poorer memory (Wetherell
etal., 2002, Mantella et al., 2008, Butters et al., In Press, Potvin et al., 2010), although not
all studies have found this relationship (Bierman et al., 2005). Neuropsychological
impairments in mental disorders are important in older adults, given the association of such
impairments with disability and risk for dementia (Alexopoulos et al., 2002, Middleton and
Yaffe, 2009, Gallagher et al., 2011). Therefore, some treatment research has examined
cognitive function as a treatment target in late-life mental disorders such as depression
(Diaconescu et al., 2010, Naismith et al., 2010, Reynolds et al., 2011). To date no research
has focused on improving cognition in late-life anxiety disorders, in part because little is
known about its etiology (Lenze and Wetherell, 2009).

Older adults with mental disorders such as anxiety disorders have significantly higher
salivary cortisol levels than nonanxious comparisons, putatively demonstrating that late-life
anxiety disorders lead to dysregulation of the Hypothalamic-Pituitary-Adrenal (HPA) axis
(Beluche et al., 2008, Chaudieu et al., 2008, Mantella et al., 2008). In turn, elevated cortisol
in older adults is associated with poorer cognitive status, particularly memory (Beluche et
al., 2010, Comijs et al., 2010, Lee et al., 2007, Li et al., 2006, Lupien et al., 1994). This
association could be due to the effects of increased cortisol exposure on hippocampal
function (McEwen, 1998, Rothman and Mattson, 2010), as the hippocampus has a high
concentration of glucocorticoid receptors (Kim and Diamond, 2002). Stress-level plasma
concentrations of glucocorticoids have been demonstrated to reversibly worsen memory
performance (Newcomer et al., 1999, Het et al., 2005). In addition, there is increasing
evidence that chronic stress effects on the hippocampus may be reversible (McEwen, 2008).
Thus, in late-life mental disorders marked by hyperactive cortisol response to stress such as
anxiety disorders and depression, treatments that reduce plasma cortisol might improve
memory.

We have previously reported that elevated cortisol in older adults with GAD is reduced
during acute treatment with the serotonin-reuptake inhibitor escitalopram, which represented
either a direct serotonergic medication effect or a result of treatment-induced improvement
in anxiety symptoms (Lenze et al., 2010). In this report we examined the relationship
between neuropsychological change and salivary cortisol change in late-life GAD patients.
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We hypothesized that changes in cortisol with treatment would predict changes in
neuropsychological function, particularly memory.

The study was a 12-week, double-blind, randomized controlled trial comparing the
serotonin-reuptake inhibitor escitalopram and placebo (Lenze et al., 2009). Subjects were
age 60 and older, with a principal diagnosis of GAD (according to the Structured Diagnostic
Interview for DSM-IV axis | diagnoses [SCID])(First et al., 1996) and a score of =17 on the
Hamilton Anxiety Scale (Hamilton, 1959). The University of Pittsburgh Institutional
Review Board approved the study. Recruitment sources included primary care sites,
specialty mental health practices and advertisements. Comorbid unipolar depression and
other anxiety disorders were allowed; exclusion criteria included lifetime psychosis or
bipolar disorder, dementia, medical instability, exogenous steroid use (including inhaled
steroids), and antidepressant or anxiolytic coprescription (with the exception of continuing
low-dose benzodiazepines if already in use for at least two months). Subjects were
randomized to 10mg of escitalopram (increased to 20mg after four weeks if tolerated and as
needed) or placebo.

Neuropsychological assessment included pre- and post- treatment testing with the
Repeatable Battery for the Assessment of Neuropsychological Status (RBANS)(Randolph,
1998). The present analysis focused on the two RBANS memory indices: immediate
memory and delayed memory. The test battery also included two measures of executive
functioning: the Letter-Number Sequencing task which tests working memory, and the
Delis-Kaplan Executive Function Scale (DKEFS) sorting task (Delis et al., 2001), which
tests ability to shift set (similar to the Wisconsin Card Sorting Task). Details of this
assessment have been published previously; these four tests were chosen for the present
analysis because they are the tests on which late-life GAD subjects performed significantly
worse than non-GAD comparisons (Butters et al., In Press). Cortisol was measured by
sampling salivary cortisol for two consecutive days at waking, waking plus 30 minutes,
noon, 4pm, 8pm, and bedtime and taking the average value at each time. Details of the
cortisol sampling have been published previously (Mantella et al., 2008).
Neuropsychological assessment and cortisol measures were conducted at baseline prior to
starting medication, and both were repeated at the end of the 12-week double-blind phase.
The RBANS and DKEFS sorting are designed to be repeated; forms A and B were
administered in a counterbalanced manner.

We examined the relationship between cortisol change and neuropsychological change in 60
GAD subjects for whom both pre and post treatment cortisol and neuropsychological data
were available. Generalized Estimating Equations analyses (GEE) were used to test the
hypothesis that neuropsychological change was inversely correlated with cortisol change;
e.g., that decrease in cortisol during the clinical trial was associated with increase in
neuropsychological functioning. GEE analysis is a regression analysis which models
correlated data from longitudinal evaluations, making it appropriate for this type of
hypothesis. In testing this hypothesis, we limited our examination of neuropsychological
measures to the immediate memory and delayed memory indices from the RBANS, the
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Letter-Number Sequencing task, and the number of correct sorts on the DKEFS sorting task.
Our two cortisol variables were total cortisol (an area under the curve measure using all six
timepoints) and peak cortisol (30 minutes after waking). For significant GEE results, we
further examined the scope of neuropsychological changes, contrasting those with reduced
cortisol vs. increased or unchanged cortisol over the course of treatment.

Path analysis methods were used to assess relationships between variables of interest,
including cortisol change, neuropsychological change, and treatment assignment. Additional
data for the path analyses included clinical symptoms using Hamilton Anxiety Rating Scale
(Hamilton, 1959) from which we examined baseline and change values, and total medical
(nonpsychiatric) comorbidity rated by the Cumulative IlIness Rating Scale for Geriatrics
(Miller et al., 1992). Because we additionally sought to explore all of the determinants of
both neuropsychological change and cortisol change, all paths between baseline variables
and change variables were examined, with nonsignificant paths sequentially removed to
arrive at a final model shown in figure 2. A two-tailed alpha of 0.10 was used as the cutoff
for retention of path coefficients because of the small sample size.

Table 1 shows the sample’s demographic and clinical data at baseline, and Table 2 shows
changes in the primary variables of interest (cortisol: peak [30 minutes after waking]
cortisol, total [area under the curve] cortisol; neuropsychological: immediate and delayed
memory indices from the RBANS, Letter-Number Sequencing, DKEFS sorting task). Of the
60 subjects, 28 were randomized to escitalopram and 32 to placebo.

Table 3 shows associations of cortisol changes with neuropsychological changes. The
strongest effect was for total cortisol change with delayed memory, with similar effects for
peak cortisol changes with delayed memory and for peak cortisol but not total cortisol with
immediate memory. In each of the significant associations, the direction of the correlation
was in the hypothesized direction; e.g., reduction in cortisol during treatment was associated
with improvement in memory. In contrast, neither working memory nor set shifting, which
are both considered executive functions, changed in concert with cortisol.

Table 3 also indicates that the relationship between changes in cortisol and changes in
memory (examined using GEE) was affected by treatment condition (escitalopram vs.
placebo). Specifically, the relationship between peak cortisol change and both immediate
and delayed memory change was stronger within escitalopram-treated subjects than placebo-
treated subjects.

Next, we examined the scope of these memory improvements by contrasting those with
reduced cortisol vs. increased or unchanged cortisol during treatment. As with the GEE, we
examined a total memory score by combining the immediate and delayed memory index
scores from the RBANS, and we examined the escitalopram-treated (N=28) and placebo-
treated (N=32) subjects separately. Each treatment group was subdivided by how much
cortisol reduced during treatment. As Figure 1 shows, memory improvements were most
substantial in the escitalopram-treated patients who had the greatest reduction in peak
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cortisol during treatment. Conversely, among placebo-treated patients there was no
relationship between cortisol change and memory change. We did not find this relationship
if total cortisol was used instead of peak cortisol (data not shown).

Examining the results shown in Figure 1, the memory improvement in concert with cortisol
reduction during escitalopram treatment was accounted for by eight subjects with the
greatest memory improvement in the escitalopram sample. These subjects improved in
delayed memory from mean 89 to mean 106.1, and in immediate memory from 97.6 to
110.6; for reference, the standard deviation of each memory scale in the RBANS is 15.
Because these eight subjects may have comprised a treatment-relevant subgroup, we
examined their data further (Supplementary table 1). Compared to the rest of the
escitalopram sample, these 8 subjects had a greater reduction in cortisol as well as shorter
duration of GAD and greater reduction in Ham-A during treatment.

Finally, we carried out a path analysis to examine the potential mechanisms underlying
change in total memory (see Figure 2). We tested the direct effect of peak cortisol change on
memory change, and we also tested effects of baseline demographic (age, gender, race,
education), and clinical (Hamilton Anxiety score, cortisol level, neuropsychological
function, treatment group assignment, and medical burden) values and of changes in clinical
values (direct effect of Hamilton Anxiety score change and indirect effects of treatment
group and of clinical change via cortisol changes). Model fit was good: root mean square
error of approximation (RMSEA) was 0.000 (likelihood RMSEA < 0.05 = 0.984, 90%
confidence interval of RMSEA estimate = 0.000-0.000). As figure 2 shows, we found an
inverse association of cortisol change with memory change, consistent with the GEE
analyses in Table 3, but found no other relationships to account for this association. Because
the path analysis did not find either a direct or indirect relationship of anxiety symptom
change with memory change using the Hamilton Anxiety Scale, we also substituted other
measures of anxiety treatment response used in the study: Clinical Global Impressions-
Improvement scale (dichotomizing by much to very much improvement vs. minimal to no
improvement), and Penn State Worry Questionnaire score change. Neither of these changed
the results.

The path analysis also revealed the following relationships: (a) men had higher baseline
cortisol; (b) women, those with higher baseline cortisol, those with higher medical
comorbidity, and those randomized to escitalopram experienced a greater drop in cortisol;
(c) higher baseline memory and higher baseline cortisol were both associated with negative
change (worsening) in memory.

Discussion

In this sample of 60 older adults with GAD in a randomized placebo-controlled trial of
escitalopram, we found that cortisol changes during treatment predicted changes in
immediate and delayed episodic memory. We found no relationship of cortisol change with
change in executive function measures.
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The relationship between peak cortisol change and memory change seen in escitalopram-
treated subjects but for the most part not seen placebo-treated subjects. Further, we found a
dose-response effect in which greater levels of peak cortisol reduction are associated with
greater improvements in memory, in the escitalopram group; no such effect is found in the
placebo group. This is consistent with our previous observation that cortisol reduction was
significantly greater with escitalopram treatment (Lenze et al., 2010). A path analysis
suggested a direct effect of cortisol changes on memory changes.

These results have implications for treatment development in the aging population.
Cognitive impairment in older adults is a substantial public health problem, and modifiable
mechanisms underlying it are of great interest. As older adults with stress-related mental
disorders such as GAD and depression have elevated cortisol, our finding suggests that
treatments that target cortisol elevations may produce improvements in cognition,
particularly in hippocampal-based cognition (i.e., episodic memory).

Our results are consistent with prior research demonstrating that hippocampal-mediated
cognition in older adults is adversely affected by HPA axis dysregulation resulting in
cortisol excess (Lee et al., 2007, Li et al., 2006, Lupien et al., 1994, (Peavy et al., 2007,
Comijs et al., 2010). Chronic stress and elevated glucocorticoid effects on hippocampus
include synaptic changes — dendritic retraction, synapse loss — that can be reversible
(Conrad, 2008, Tata and Anderson, 2010). Some preclinical and clinical research suggests
that hippocampal volume loss and neuronal loss in stress paradigms are reversible with
antidepressant traetment (Neumeister et al., 2005, Sheline et al., 2003, Vythilingam et al.,
2004, Jayatissa et al., 2008). The serotonin system is tightly linked to the HPA axis in older
adults (O’Hara et al., 2007), which may explain why we only saw this effect in those
receiving serotonin-reuptake inhibitor treatment; other treatments that reduce the impact of
HPA axis dysfunction might usefully be tested for their ability to improve cognition via this
cortisol-mediated pathway (Hinkelmann et al., 2009).

However, we have not found that escitalopram treatment in late-life GAD provides a
significant improvement in memory in the aggregate (Butters et al., In Press). Instead, the
present study found substantial memory improvements in a subgroup (8/28, or 29%) of the
escitalopram group. This subgroup was notable for having a treatment-related reduction in
circulating cortisol, as well as poorer memory performance and higher cortisol at baseline
compared to the overall sample. Conversely, some subjects had a net decrease in memory
with escitalopram treatment — generally, those whose cortisol did not decrease during
treatment, as seen in Figure 1. Serotonin-reuptake inhibitors such as escitalopram produce
broad CNS effects including impaired attention (Fava et al., 2006, Dumont et al., 2005,
Drueke et al., 2009), particularly in older adults who are more susceptible to neurocognitive
side effects of psychotropics (Pollock, 2005). Therefore, future research in this area should
examine treatments, pharmacologic (Young et al., 2004) or psychotherapeutic (Peavy, 2008)
that more specifically block cortisol’s CNS effects. Such research should also examine
whether biological and neuropsychological data can usefully subtype elderly persons with
anxiety disorders, in order to match treatments that could improve cognition to those who
would benefit most.

Int J Geriatr Psychiatry. Author manuscript; available in PMC 2015 October 12.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lenze et al.

Page 7

There are several caveats to this finding. First, cognitive impairments in late-life GAD
include executive functions as well as memory (Butters et al., In Press, Mantella et al.,
2007), but we found a relationship between cortisol reduction and memory only. It remains
unclear whether other measures of executive function are sensitive to cortisol reductions in
this population. Second, HPA axis dysfunction with elevated circulating cortisol levels may
also cause chronic or irreversible cognitive decline with hippocampal atrophy (Sheline et al.,
1996, Peavy et al., 2009, Gerritsen et al., 2009), although evidence is mixed regarding this
mechanism of memory decline in elderly persons (Comijs et al., 2010). GAD tends to have a
chronic course absent treatment (Lenze et al., 2005, Le Roux et al., 2005, Stanley et al.,
2003), so if chronic neurotoxicity is a mechanism of cognitive impairment in late-life mental
disorders, a lengthy duration of treatment would be necessary to determine whether targeting
cortisol may remediate cognition by this mechanism. Third, there are likely many pathways
from stress and aging to cognitive impairment (Butters et al., 2008) and we did not include
other biomarker measures such as neuroimaging of the hippocampus. Many causes of
cognitive impairment in late-life anxiety disorders, such as underlying neurodegenerative
disease due to Alzheimer’s disease pathology, may involve the HPA axis but not be
remediable (Csernansky et al., 2006, Lind et al., 2007). Finally, it is unclear whether this
finding would generalize to all anxiety disorders and related mental disorders (e.g.,
depression). For example, Post-Traumatic Stress Disorder may have a different
neuroendocrine picture (Yehuda et al., 2005, Yehuda et al., 2007), while in depression both
elevated and reduced cortisol has been reported (Beluche et al., 2008, Bremmer et al., 2007,
Fiocco et al., 2006, O’Brien et al., 2004, Penninx et al., 2007). These caveats suggest that
future research should clarify how much neurocognitive impairment could be improved
specifically by targeting cortisol and in whom.

Two other findings of mention: memory at baseline was inversely associated with change in
memory (i.e., those with high memory at the start of treatment were more likely to have a
decrease in memory during the study). This most likely represents a regression to the mean.
Less clear is the finding that cortisol level at baseline is inversely associated with change in
memory (i.e., those with high cortisol at baseline were less likely to have an improvement in
memory). The finding is counterintuitive and reasons for it are unclear; perhaps such
subjects had greater levels of neurodegenerative disease that could not be remediated. Both
of these variables should be explored in future research.

Limitations of our study include a small sample size which could have led to negative results
due to lack of power. The study suggests but cannot definitely show that memory
improvements are directly due to cortisol reduction, rather than a result of improved anxiety;
likely this question could only be answered in a clinical population by a direct
pharmacological manipulation of cortisol or its receptors. Late-life anxiety disorder patients
are a heterogeneous group with many factors that could affect cognitive outcomes, and we
were unable to measure all of these factors. In particular, we did not have brain imaging to
characterize brain disease. Finally, salivary cortisol is a peripherally-collected biomarker of
HPA axis dysfunction and the study lacked more direct markers of the putative mechanism
(e.g., glucocorticoid receptor number/function, hippocampal neurcimaging); and the
neuropsychological battery is an imperfect snapshot of real world cognitive functioning.
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These limitations may reduce precision of findings but do not detract from positive results in
the study, which in summary demonstrate a role for cortisol reduction during late-life
anxiety treatment to improve neurocognition (particularly in hippocampal-mediated
domains). Preserving cognitive function is a critical goal in treatment of stress-related
disorders such as anxiety disorders in elderly persons; therefore, these findings hold
importance for future treatment development in the field that could target the HPA axis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Improvement in memory is associated with cortisol reduction in escitalopram-treated
but not placebo-treated subjects

a. Escitalopram-treated patients (n=28)

b. Placebo-treated patients (n=32)

ANOVA:s for group differences in memory change: escitalopram, F=4.2 (df=2, 25), p=0.03;
placebo, F=0.2 (df=2, 29), p=0.8.

The three subgroups by cortisol change are: greatest drop (highest quartile of cortisol
reduction), range —6.6—1.9; less drop (cortisol reduced but not highest quartile), range
-1.7—0.1; no drop, range 0.0 - +4.5. Solid lines show means. Significant or trend p-values
for post-hoc t-tests are displayed.
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Figure 2. Path analysis of mechanisms of memory change
Note: Gender is coded O=female, 1=male, treatment group is coded O=placebo,

1=escitalopram.
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Table 1

Baseline demographic and clinical variables in the sample (N=60)

Variable N (%) or mean (SD)
Full sample (N=60) | Placebo group (N=32) | Escitalopram group (N=28) p
Gender
Male n=23 (38%) n=13 (41%) n=10 (36%) 0.70
Female n=37 (62%) n=19 (59%) n=18 (64%)
Race
Black n=8 (13%) n=3 (9%) n=5 (18%) 0.45
White n=52 (87%) n=29 (91%) n=23 (82%)
Current Major Depressive Disorder
Yes n=8 (13%) n=5 (16%) n=3 (11%) 0.71
No n=52 (87%) n=27 (84%) n=25 (89%)
Taking Benzodiazepines
Yes n=7 (12%) n=3 (9%) n=4 (14%) 0.70
No n=53 (88%) n=29 (91%) n=24 (86%)
Age 71.95 (SD 7.75) 71.88 (SD 8.15) 72.04 (SD 7.41) 0.94
Age of onset 45.72 (SD 27.57) 40.91 (SD 28.71) 51.21 (SD 25.61) 0.25
Duration, months 303.09 (SD 319.71) 372.93 (SD 345.67) 223.28 (SD 271.63) 0.16
Education, years 13.98 (SD 2.35) 14.16 (SD 2.60) 13.79 (SD 2.06) 0.55
Cumulative Iliness Rating Scale score 8.47 (SD 4.00) 8.16 (SD 4.11) 8.82 (SD 3.92) 0.53
RBANS Total Score 96.17 (SD 14.98) 96.06 (SD 16.46) 96.29 (SD 13.38) 0.95
Penn State Worry Questionnaire 52.64 (SD 12.73) 52.34 (SD 13.85) 53.00 (SD 11.51) 0.85
Hamilton Depression Scale 10.60 (SD 3.17) 11.13 (SD 2.99) 10.00 (SD 3.32) 0.17
Hamilton Anxiety Scale 21.64 (SD 3.83) 21.53 (SD 3.63) 21.76 (SD 4.11) 0.82
Mini-Mental State Exam 28.43 (SD 1.51) 28.28 (SD 1.46) 28.61 (SD 1.57) 0.41

Note: p-values are from exact test for proportions or t-test (or non-parametric test) for continuous variables. Cortisol values are in ng/ml (to convert

to nmol/l, multiply by 2.76)

RBANS: Repeatable Battery for the Assessment of Neuropsychological Status
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Table 2
Baseline and week 12 values for cortisol and neuropsychological outcome variables in the entire sample
(n=60)
WEEK OMEAN (SD) | WEEK 12MEAN (SD) | ¢ p

Immediate Memory 99.10 (14.66) 102.08 (15.55) 2.10 | 0.04

Delayed Memory 95.30 (15.79) 99.18 (13.21) 251 | 0.01

Sorting Task 7.90 (2.92) 8.20 (3.17) 1.16 | 0.25

Letter Number Sequencing 9.40 (2.35) 9.47 (2.37) 0.28 | 0.78

Total cortisol 30.27 (12.84) 29.92 (14.48) -0.20 | 0.84

Peak cortisol 5.28 (1.97) 4.97 (2.35) -0.98 | 0.33

paired t-tests compared pre and post treatment scores (df=59 for all)
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Association between cortisol changes and neuropsychological changes in the sample.

Table 3

Page 16

Neuropsychological variable

Entire group (N=60)
B* (SE) estimate, p

Escitalopram Subgroup (N=28)
B* (SE) estimate, p

Placebo Subgroup (N=32)
B* (SE) estimate, p

Memory total (Immediate + Delayed Memory)

Total cortisol

-0.33 (.11), p=0.003

-0.42 (.18), p=0.02

-0.22 (.13), p=0.10

Peak cortisol

-2.36 (.76), p=0.002

-3.42 (1.17), p=0.003

-.77 (.85), p=0.38

RBANS Immediate Memory Index

Total cortisol

-0.13 (.08), p=0.11

-0.16 (.11), p=0.17

-0.09 (.11), p=0.43

Peak cortisol

~1.024 (.43), p=0.02

~1.44 (.64), p=0.02

.43 (.53), p=0.42

RBANS Delayed Memory Index

Total cortisol

-0.25 (.08), p=0.0001

-0.27 (.10), p=0.009

-0.22 (.08), p=0.006

Peak cortisol

~1.53 (.48), p=0.001

~2.04 (.68), p=0.003

-0.88 (.67), p=0.19

Working memory (Letter Number Sequencing)

Total cortisol 0.004 (.01), p=0.7428 n/a n/a

Peak cortisol 0.023 (.07), p=0.7506 n/a n/a
Executive function (DKEFS Sorting task)

Total cortisol —0.002 (.02), p=0.8920 | n/a n/a

Peak cortisol 0.11 (.09), p=0.2510 n/a n/a

*
{3 estimates are from generalized estimating equation models. Adjustment for treatment group (escitalopram vs. placebo) did not change the

results.

Note: DKEFS: Delis-Kaplan Executive Functioning Scale; RBANS: Repeatable Battery for the Assessment of Neuropsychological Status. Total
cortisol: area under the curve estimate of 6 time points (wake, wake+30, noon, 4pm, 8pm, bedtime), Peak cortisol: wake+30 value.
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