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Abstract
Objective—To examine the relation of phobic anxiety to late-life cognitive trajectory.
Design—~Prospective cohort.
Setting—Nurses’ Health Study — U.S. registered nurses.

Participants—16,351 women among whom phobic anxiety symptoms were assessed in 1988
(mean age=63 years).

Measurements—Beginning a decade after phobic anxiety ascertainment (mean age=74 years),
three assessments of general cognition, word and paragraph immediate and delayed recall,
category fluency, and attention/working memory were administered over an average of 4.4 years;
global cognitive and verbal memory composite scores were generated from the component tests.
General linear models of response profiles were used to evaluate relations of phobic anxiety to
initial cognitive performance and subsequent change.

Results—Higher phobic anxiety was associated with poorer initial performance: e.g., comparing
women with the highest anxiety to those with no/minimal symptoms, the multivariate-adjusted
mean difference (95% confidence interval) in scores was —0.10 (=0.13,-0.06) standard units for
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the global score summarizing all tests, and —0.08 (-0.11,-0.04) standard units for verbal memory
(summarizing 4 word- and paragraph-recall tasks). Mean differences between extreme categories
of phobic anxiety were equal to those for participants aged 1.5-2 years apart: i.e., cognitively
equivalent to being about two years older. There were no relations of phobic anxiety to subsequent
cognitive change.

Conclusions—Higher mid-life phobic anxiety was related to worse later-life overall cognition
and verbal memory. Yet, profiles of poorer cognition with higher anxiety remained parallel over
time, suggesting phobic anxiety may impose impact on cognition earlier in life, rather than
ongoing impact in later-life.

INTRODUCTION

Anxiety may be related to poorer late-life cognition. However, results from the few large-
sample studies relating anxiety, distress-proneness or neuroticism to late-life cognition have
been mixed: some reports indicated significant associations with cognitive performance(1-
4) and subsequent decline(3, 5), at least one report found no impact of neuroticism on late-
life cognitive performance(6), and some reported no impact on subsequent change(2, 6).
Moreover, few large-scale investigations have addressed relations of anxiety, using specific
scales of anxiety symptoms, to late-life cognition(7, 8); there has been only one longitudinal
study(8).

The hypothesis of an association between phobic anxiety and poor late-life cognition has
particular biologic plausibility. Phobic anxiety has been associated with higher levels of
inflammatory mediators implicated in development of cognitive impairment(9-11); it has
also been related to incidence of major vascular disease(12) — itself linked to late-life
cognitive dysfunction(13). Furthermore, a methodologic advantage of addressing phobic
anxiety is that phobic symptoms tend to have earlier onset and persistent course(14); thus,
there are fewer concerns of potential reverse causation than may occur when addressing
associations between other mental health exposures (e.g., depression) and cognition.
Therefore, in this prospective study of over 16,000 participants we examined relations of
mid-life phobic anxiety to performance on serial assessments of late-life cognition that
began 10 years later.

METHODS

Study sample

The Nurses’ Health Study (NHS) included 121,700 U.S., female registered nurses, aged 30
to 55 years at the study’s inception in 1976. Since then, participants have completed biennial
mailed questionnaires updating information on lifestyle factors and health outcomes; total
follow-up >90%. On the 1988 follow-up questionnaire, participants were asked to complete
the phobic anxiety scale of the Crown-Crisp Index (CCI)(15). Subsequently, between 1995
and 2001, NHS participants aged 70 years and over, and free of diagnosed stroke, were
invited to participate in a telephone-based study of cognitive function, and 19,415 (93% of
those eligible) completed initial cognitive assessments. Two additional waves of
assessments were performed an average of 2 years apart; participation remained near 90%.
The sample for analysis consisted of 16,351 women who had information on the CCI (i.e., at
least 6 of the 8 items) and were NHS cognitive study participants. The NHS, the NHS
cognitive study and the current study were all approved by the Institutional Review Board of
Brigham and Women’s Hospital, Boston, MA.
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Assessment of phobic anxiety: the Crown-Crisp index

The CCI measures common symptoms of phobic anxiety; it has been validated in psychiatric
outpatient settings and found to discriminate patients with general anxiety and phobias from
healthy comparison participants, as well as from those with other conditions (i.e., obsessive-
compulsive or depressive)(15, 16). The index features 8 self-rated questions on phobias and
desire for avoidance; scores range from 0 to 16 (higher scores indicate higher anxiety). For
those with missing data on 1 or 2 items, the total score was divided by the fraction of
questions answered and rounded to the nearest whole number(12, 17). In keeping with
previous work(17), we categorized CCI scores into 5 groups as follows: 0 or 1 (reference
group); 2; 3; 4 or 5; and 6 or above (highest phobic anxiety group). Of note, the CCl is
reliable in this sample. The Cronbach coefficient alpha for phobic scores in 1988 was 0.61 —
comparable to the coefficient of 0.69 originally reported by Crown and Crisp among
diagnosed patients and comparison participants(15); item-total correlations were also in the
desirable range(18): 0.25-0.43. Furthermore, identical phobic items were featured in the
2004 NHS questionnaire; the correlation between 1988 and 2004 scores in our sample was
high (r=0.60; p<0.0001) — an indication that scores reliably represent long-term phobic
anxiety levels.

Assessment of cognitive function

Participants were administered: the Telephone Interview for Cognitive Status (TICS)(19), a
test of general cognition similar to the Mini-Mental State Examination (MMSE)(20) and for
which scores<31 points are consistent with cognitive impairment(19); immediate and
delayed recall trials of the East Boston Memory Test paragraph(21); a category fluency test
(naming as many different animals as possible during 60 seconds), capturing language and
executive function (abstract conceptualization and use of grouping strategies)(22); a delayed
recall trial of the TICS 10-word list; and a digit span backwards task (repeating backward an
increasingly long string of digits), evaluating attention and working memory. As described
in detail elsewhere(23), testing consisted of the TICS as the first wave of the cognitive study
began in 1995; starting in 1997, the additional tests (EBMT, fluency, delayed 10-word
recall, and digit span) were added.

Primary outcomes were general cognition and verbal memory. To address general cognition,
we considered the TICS, as well as a global score calculated by averaging the z-scores of all
six individual tests. To evaluate verbal memory, we combined the results of the immediate
and delayed recall trials of the EBMT and the TICS 10-word list, by averaging z-scores of
those four tests. Such composite scores are regularly used in cognition research because they
integrate information from a variety of sources and provide a more stable representation of
cognition than a single test(24, 25). Global and verbal memory scores were only calculated
where participants had completed all component tests.

Reliability and validity of telephone-based cognitive assessments

To evaluate instrument test-retest reliability, we administered the TICS twice to a sample of
women at an interval of one month; the Pearson /=0.70 (p<0.001). Examining inter-rater
reliability, we found intraclass correlations >0.95 on each test.

In a validity study, 61 similarly well-educated, high-functioning women who had completed
extensive in-person neuropsychological testing were administered our telephone-based
interview; overall performance on telephone-based tests was correlated with overall
performance on in-person tests (/=0.81). Furthermore, among 88 older health professionals,
cognitive impairment as determined by our telephone method was associated with clinically-
diagnosed dementia three years later: poor performance on the TICS and in verbal memory
was associated with significant 8- and 12-fold increased risks, respectively, of dementia —
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demonstrating clinical validity(25). Finally, additional evidence of validity is the consistent
usefulness of this assessment in identifying meaningful relations of major health and genetic
factors to late-life cognition in this cohort(23, 26).

Statistical analysis

To evaluate the relation of mid-life phobic anxiety to trajectories of late-life cognition we
examined mean performance at each assessment using repeated measures analysis of means
(which permits examination of each time point, taking into account the correlations between
assessments). We treated scores as continuous outcomes, and modeled the effect of phobic
anxiety on change over time using a time-by-phobic anxiety level interaction term. Because
the paths of mean scores over time were non-linear, we used the method of response
profiles, modeling time nominally rather than linearly(27, 28). This approach imposes
minimal structure on outcome trends and permits valid estimation of effects in non-linear
data; another advantage of this general linear model formulation is that it can handle settings
in which data for some participants are missing (as in the present analysis), thus allowing for
analyses to be based on all available data(27). All models were by maximum likelihood,
incorporating the longitudinal correlation within participants, using unstructured covariance
structures; for statistical testing, we used Wald tests(27). All statistical analyses were
conducted in SAS version 9.2 (SAS Institute, Cary, NC, USA), and all models were fitted
using PROC MIXED.

In basic models we include time, age, education (associate’s, bachelor’s, or master’s/
doctoral degree) and phobic anxiety level, as well as interaction terms for each of these
variables with time. Multivariate-adjusted models added the following potential
confounders, along with terms for the interaction of each covariate with time: body mass
index (BMI) (normal [BMI<25 kg/m?] or overweight/obese [BMI=25 kg/m?]), cigarette
smoking (current/past/never), postmenopausal hormone use (current/past/never), history of
hypertension (yes/no), history of elevated cholesterol (yes/no), history of heart disease
(myocardial infarction, coronary artery bypass grafting, or percutaneous coronary
intervention; yes/no), history of diabetes (yes/no), alcohol use (0, 0.1-14.9, or 15+ grams/
day), and physical activity (metabolic equivalents/week). All covariates were determined as
of the 1988 questionnaire (when phobic anxiety was measured), except age, which was
determined as of initial cognitive assessment. Covariate information was obtained from the
questionnaires; validation studies of these self-reports demonstrate high accuracy(29).

We conducted a key secondary analysis additionally accounting for depression status:
depression is an important factor to examine due to the known high degree of comorbidity of
anxiety with depression, including among older women(30). Although it is difficult to know
whether depression was coincident or subsequent to anxiety in our participants, mediation is
likely the key pattern to address, given the relation between anxiety and development of
depression; thus, we focused on depression as of initial cognitive assessment. To classify
depression status, we considered scores on the Mental Health Index-5 (MHI-5) from the
Medical Outcomes Short Form-36 (SF-36), as well as self-reports of regular antidepressant
use and physician-diagnosed clinical depression. The MHI-5 (scaled from 0-100; higher
scores indicate better mental health), was on questionnaires in 1992, 1996 and 2000; the
MHI-5 has high reliability, and a cutoff of 52/53 has high sensitivity and specificity for
severe depressive symptoms and high validity for major depression against a diagnostic gold
standard(31, 32). Participants began reporting antidepressant use in 1996; in 2000, the
Nurses were first asked whether they ever had a lifetime physician diagnosis of depression
(1996 or before, 1997-1998, 1999, on or after 2000). Information on antidepressants and
physician-diagnosed depression was updated biennially thereafter. Thus, we defined
depression status (yes/no) as having one of: MHI-5<52, regular antidepressant use, or
physician-diagnosed depression.

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2014 November 01.
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We also conducted a separate analysis in which all potential confounders, including
depression, were updated as of cognitive assessment. Thus, we addressed the extent to
which relations of mid-life phobic anxiety to late-life cognition may be due to influences of
phobic anxiety on subsequent status of covariates.

Finally, given the possibility that anxiety may have differential impact on executive function
and attention/working memory — e.g., through preemptory utilization by anxious thoughts of
the processing and information storage resources fundamental to performance in these
domains(2), as predicted by Eysenck(33) — we separately examined the category fluency and
digit span backward tasks. For category fluency, we used the method of response profiles, as
described for the primary outcomes. However, because digit span scores over time showed a
clearly linear pattern of decline, we constructed random-effects models(28) treating time as
a continuous variable (in years). These models incorporated fixed effects for time, all
covariates from the primary analyses, interaction terms of time by each covariate, and two
person-specific random effects: baseline level (random intercept) and rate of change
(random slope)(28); the effect estimate was the annualized rate of cognitive change
associated with phobic anxiety level.

RESULTS

Table 1 shows characteristics of the study sample in 1988, across phobic anxiety levels.
Women in the highest phobic category were generally less healthy than those in the lowest
phobic category: e.g., higher phobic anxiety was associated with higher BMI, higher
prevalence of severe depressive symptoms, hypertension, heart disease, diabetes, elevated
cholesterol and current smoking, and lower physical activity. Another notable difference
was the pattern of lower educational attainment with higher phobic anxiety: only half as
many women in the highest phobic category had achieved bachelor’s or above education,
compared to the lowest phobic category.

Results from the age- and education-adjusted models are presented in Figure 1, which
provides the adjusted mean scores over time on primary outcomes in each phobic anxiety
group. At initial assessment, higher phobic anxiety levels were associated with lower
cognitive scores. For example, women with the highest phobic anxiety level scored a mean
-0.35 (95% confidence interval [CI]: —0.48,-0.22) points lower on the TICS than those with
the lowest anxiety, with a statistically significant p-for-linear trend across phobic categories:
p<0.0001; Wald F (1, 16346)=37.75 (data not shown in Figure). Findings for the TICS were
mildly attenuated but remained statistically significant after multivariate-adjustment (Table
2). Similar age- and education-adjusted relations of higher phobic anxiety to worse initial
performance were observed for the global score (p-for-linear trend<0.0001; Wald

F(1, 16002)=51.45) and verbal memory (p-for-linear trend<0.0001; Wald F 1, 16005)=27.10);
estimates were similar after multivariate-adjustment (data not shown in Figure). To help
interpret effect estimates, we compared the association of phobic anxiety with cognition to
the association of age with cognition in this cohort: the mean differences in cognitive
performance for extreme categories of phobic anxiety were equivalent to those observed for
women aged 1.5-2 years apart — i.e., these differences were cognitively comparable to being
about 2 years older.

With regard to cognitive change, the profiles of mean performance across phobic anxiety
categories remained parallel over time, for all outcomes (Figure 1). Although at every
assessment we observed poorer cognitive performance with higher phobic anxiety, all tests
for interactions of phobic anxiety with time were statistically non-significant (Table 2).

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2014 November 01.
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In a key secondary analysis, we adjusted for depression status as of cognitive testing.
Although estimates were slightly further attenuated, the results were not materially changed:
e.g., multivariate-adjusted mean differences at initial assessment indicated worse
performance on all outcomes for those with the highest vs. lowest phobic anxiety (Table 3).

Findings again remained similar after adjusting for all covariates, including depression,
where the status of each covariate was updated as of initial cognitive testing. However, the
relation of the highest vs. lowest anxiety group on cognition was further, albeit mildly,
attenuated — suggesting that some of the impact of phobic anxiety on late-life cognition
could have been mediated through these factors: e.g., the mean differences in global score
comparing highest vs. lowest phobic levels were —0.08 (95% CI: —0.11,-0.05) units at time
1, -0.09 (95% CI: —0.13,-0.06) units at time 2, and —0.05 (95% CI: -0.09,-0.02) units at
time 3 (data not shown).

Finally, multivariate-adjusted models analyzing secondary outcomes of category fluency
and digit span backwards yielded findings comparable to those from primary analyses:
higher phobic anxiety was associated with statistically significantly worse initial
performance; mean differences comparing extreme categories of phobic anxiety were
cognitively equivalent to being 3.5-4 years older. However, there was no evidence of non-
parallel profiles over time for category fluency, or of differences in rates of decline in
working memory (data not shown).

DISCUSSION

In this study of 16,351 community-dwelling older women, we observed modest but
statistically significant associations between higher mid-life levels of phobic anxiety,
measured by a validated symptom scale, and worse later-life performance in overall
cognitive function and in verbal memory. Specifically, being in the highest phobic anxiety
category was cognitively equivalent to almost two years of aging. Associations remained
statistically significant after adjustment for depression and numerous potential confounders,
including after updating the status of confounders as of cognitive testing. Secondarily,
higher phobic anxiety was associated with worse performance on executive and attention
tasks. Patterns of worse performance among those with the highest vs. lowest phobic anxiety
were evident at each assessment; however, there was no indication that paths of cognitive
change over time were non-parallel across levels of phobic anxiety — suggesting that phobic
anxiety may impair cognition earlier in life but may not exert ongoing impact during aging.
Finally, although we observed a striking inverse association between phobic anxiety and
educational attainment, results for the association between phobic anxiety and cognition
remained after education adjustment — indicating that associations were not driven primarily
by lower educational attainment among highly phobic women. Of note, although few studies
have examined this issue, the relation of phobic anxiety to education in our cohort is highly
consistent with the recent finding from a large-scale, multi-national study(34) of a
statistically significant 40% higher relative risk of non-initiation or non-completion of
tertiary education among young persons (in high-income nations such as the U.S.) who have
anxiety disorders — specifically, panic disorder and agoraphobia.

Potential mechanisms through which phobic anxiety may influence late-life cognition
include effects of inflammation(9, 10) and activation of the hypothalamic-pituitary-adrenal
(HPA) axis/hypercortisolism(35, 36). Specifically, it has been hypothesized that prolonged
stress in anxiety disorders might lead to chronically elevated levels of pro-inflammatory
cytokines and stress hormones and, consequently, to injury or atrophy of key brain regions,
such as the hippocampus, involved in memory and cognition. However, most studies in
humans that have addressed this concept directly have focused on post-traumatic stress
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disorder and did not focus on older participants; furthermore, directionality of the stress-
hippocampal volume association remains unclear(37). Finally, another intriguing potential
mechanism involves shared genetic vulnerability. For example, the Val158Met
polymorphism (Val/Val) in the catechol- O-methyltransferase gene that has been associated
with late-life cognitive impairment(38) was also associated with phobic anxiety in Nurses’
Health Study participants(17). However, there are no data in the present analysis to
determine whether phobic anxiety-cognition associations in this sample were explained by
COMT polymorphism or other genetic or non-genetic factors.

Findings in our study of a statistically significant association between higher phobic anxiety
and worse cross-sectional working memory are consistent with those of Wetherell et al.(2),
who examined the related construct of neuroticism and late-life cognition (n=704); also
consistent with our study, there were no associations between neuroticism and subsequent
cognitive decline(2). Wilson et al.(3) found associations between higher neuroticism and
worse performance on all domains tested, including verbal memory, verbal fluency and
working memory, among approximately 800 elders (mean baseline age=75.2 years); there
was a statistically significant relation of neuroticism to 5-year decline on verbal memory,
but not on any other cognitive outcomes. In another study by Wilson and colleagues(4), of
over 4,000 community-dwelling elders, distress-proneness was associated with 5-year
decline on a global cognitive score (p=0.059). In more recent work(5), this group found
statistically significant relations of the anxiety facet on a neuroticism scale to decline in
global cognition, processing speed and working memory over an average of 3.4 years among
785 persons (mean=80.7 years); the neuroticism-anxiety facet was not related to decline in
episodic or semantic memory in those subjects. Lastly, among 2,615 participants of the
Longitudinal Aging Study Amsterdam (LASA) cohort (mean age=70.2 years), Bierman and
colleagues(7) identified cross-sectional associations (p=0.03) of anxiety symptoms, using a
validated anxiety symptom scale, with verbal memory (on the Auditory Verbal Learning
Test [AVLT]). Intriguingly, the association with AVLT was curvilinear: mildly anxious
persons performed better than those with no or severe anxiety — a pattern similar to that first
proposed by Yerkes and Dodson(39). This inverse-U-shaped relation has not been observed
by us or other groups. However, it is notable that the AVLT involves 5 successive learning
trials — unlike the immediate and delayed word and paragraph recall trials utilized in this
study and other studies(3, 4); thus, Bierman and co-workers speculated that the AVLT may
be more sensitive to mental effort than other tests(7), such that persons with slightly
increased arousal due to mild anxiety may perform optimally. Results from a follow-up
study(8) of 9-year change in these same LASA participants were similar to ours: anxiety
was not related to subsequent decline on any cognitive measure.

Overall, there has been a scarcity of data on associations of anxiety — in particular, phobias,
panic or generalized anxiety — with cognition, even when including research focused on
younger adults(40); there is still less evidence from larger-scale studies (e.g., n>500) among
older people. Considering the current report in the context of the available literature, anxiety
appears related to worse initial performance in multiple cognitive domains at late-life, but
evidence for relations to subsequent decline has been either lacking or inconsistent across
cognitive domains.

Strengths of the current study include: use of a validated anxiety symptom scale; a large,
well-characterized sample; prospective design with almost 5 years of repeated cognitive
assessments; and adjustment for numerous major potential confounders, including a
depression status variable incorporating mood scores and clinical indicators (i.e., physician-
diagnosed depression, antidepressant use). Also, this was the first report to examine anxiety
symptoms as of mid-life with regard to late-life cognition. Finally, reverse causation
problems, which commonly arise in research involving psychological predictors, were likely
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minimized by the design of the study. Phobic anxiety is relatively unique as a predictor
because of its young onset and persistence through life; overall median age-of-onset for
phobic disorders is <12 years(14). Thus, mid-life phobic anxiety levels in our participants
likely reflected symptoms that had been present for decades, reducing concerns of possible
reverse causation (i.e., cognitive impairment led to increased anxiety).

Potential limitations of this study should also be considered. First, we did not have
information on cognitive function prior to late-life; thus, we cannot comment on when
relative deficits in cognition potentially attributable to phobic anxiety may first have
emerged. Second, generalizability is a potential concern: although there is no apparent
reason to believe that phobic anxiety might act differently in other demographic groups,
further research is necessary to address potential differences in associations of anxiety with
late-life cognition among men and ethnic minorities. Finally, although we were able to
adjust for numerous potential confounders, residual confounding by unmeasured factors is
possible. However, the relative homogeneity of our cohort reduces potential influences of
many unmeasured confounders, such as those related to health knowledge or access to care.

In conclusion, higher mid-life phobic anxiety was related to worse later-life cognition in this
study of over 16,000 women; these associations were modest (cognitively equivalent to 1.5—
2 years of age) but statistically significant. Yet, profiles of poorer cognitive performance
with higher phobic anxiety remained parallel over time. Thus, while anxiety may be related
to worse initial cognition, we found no evidence that it is associated with continued decline
throughout later-life. Our results suggest that identifying phobic anxiety in younger persons
may be important in terms of targeting a high-risk group for later cognitive impairment.
Furthermore, because anxiety disorders, such as phobia and panic, have known treatments,
future research might address directly whether prompt identification and treatment of phobic
anxiety can mitigate potential detrimental impacts on cognition.
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Figure 1. Age- and education-adjusted mean cognitive scores over time, by mid-life levels of

phobic anxiety*

* TICS=Telephone Interview for Cognitive Status, in points; global score is in standard
units; verbal memory is in standard units. Lowest phobic anxiety level=1; highest phobic

anxiety level=5.
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