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Abstract

Anxiety symptoms are common in later life and are associated with diverse adverse health
outcomes. Little is known about how genetic and environmental influences on anxiety symptoms
might vary across older adulthood. The purpose of this study was to explore change and stability
of contributions to anxiety symptoms across older adulthood. We examined data from the Swedish
Adoption/Twin Study of Aging (SATSA). Between the years 1984 and 2010, 2,021 participants
(including 753 complete twin pairs) completed up to seven assessments containing two measures
of anxiety symptoms. Longitudinal genetic simplex models were fit to examine the stability and
change in genetic and environmental influences. Amplification of genetic factors at ages 75-80
suggests tentative new genetic contributions to anxiety symptoms. These findings suggest that the
heritability of anxiety symptoms may increase later in life. Physiological factors associated with
aging are discussed as potential factors explaining this increase.
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Significant anxiety symptoms are common in later life affecting as many as 32 percent of
non-depressed community dwelling older adults (Braam etal. 2014y | ate-|ife anxiety
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symptoms have been linked with many adverse outcomes such as death ideation (Van Orden
etal. 2013y nyrsing home placement (Gibbons etal. 2002y oo cognitive performance
(Beaudreau et al. 2013y fynctional impairment (Brenes et al. 2008. Porensky et al. 2009y

and poor general health (L0sada et al. 2014y

Anxiety disorders tend to be chronic across the lifespan (Goncalves and Byrne 2012. Kessler
etal. 2005). Onset of anxiety disorders in later life, however, does exist and is not
uncommon. Chou (2009) found, in a large epidemiological study, that almost half of the
older adults with generalized anxiety disorder (GAD) had onset after the age of 55. In more
recent research, ZNang etal. (2015) ‘examining data from a large prospective study of
community-dwelling older adults, found that 8.4% of older adults developed GAD over a
span of 12 years. Interestingly, 80% of those cases were first episode cases suggesting that
later life onset of GAD is more common than previously assumed. Overall GAD may have a
bimodal onset with a peak of onset earlier in life as well as increased rate of incidence after
the age of 50 (L€ Roux etal. 2005y symptoms of anxiety also tend to be relatively stable:
earlier analyses of the same sample as the present study found minimal fluctuation in
symptoms over a span of six years in older adulthood (Vetherell etal. 2001y Thys anxiety
symptoms are stable longitudinally with some evidence of later life onset for some adults.

Behavioral genetic twin studies afford the means of distinguishing between the effects of
genetics and those that are attributable to environmental influences. Twin studies examining
the contribution of genes to the etiology of anxiety suggest that genetic factors explain
approximately 34-46% of the variance in anxiety symptoms in younger adults (Kendler et
al. 1986) and 35% of the variance in health anxiety in middle aged adults (Taylor,

Thordarson, Jang, & Asmundson, 2006). Likewise, the various anxiety disorders have
similar heritability (Hettema et al. 2005y

Stability and change in anxiety symptoms across older adulthood may be due to either
genetic or environmental contributions, or both. Compared to younger adults, a number of
potential new sources of genetic or environmental variance in anxiety symptoms arise later
in life. These include physiological factors (e.g. biological aspects of normal aging, chronic
illnesses, and cognitive impairment) and social factors (e.g. role transitions associated with
aging, loss of independence, caregiving for significant other, and bereavement) that are more
unique to the presentation of anxiety later in life (Wolitzky-Taylor et al. 2010y These new
influences could also lead to onset of anxiety in older adults who have no prior history of
anxiety symptoms.

The extent to which age moderates the heritability of anxiety symptoms in older adulthood
remains relatively understudied. This is an important question as elucidating the etiology of
anxiety in later life may aid in identifying targets for future intervention and prevention
efforts. A longitudinal examination of individuals across the ages of 20 to over 70 found the
new genetic influences on anxiety symptoms at age 30 in women (Cillespie et al. 2004y pe
to sample considerations, this study had to group women aged 70 and older together, and
men aged 60 and older together, resulting in limited sensitivity in examining the potential for
new genetic and environmental influences within middle and late older adulthood.
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As anxiety and depression are often co-morbid and share similar genetic influences (Kendler
etal. 1987), the literature on depression may suggest how the heritability of anxiety
symptoms change across older adulthood. Some research examining the variability of
depressive disorders and depressive symptoms across the lifespan suggest that new genetic
influences may emerge later in life. The Gillespie etal. (2004) st,qy found new genetic
influences on depressive symptoms at age 40 for women. Gtz et al. (1992) foyng the
heritability of depressive symptoms was greater in adults older than 60 than in adults
younger than 60. Comparing across two time points, Carmelli etal. (2000) foyng genetic
influences on depression in men increased in later life by approximately 25%. The
depression literature is mixed, however, as some studies have reported no moderating effect

of age on heritability of depressive symptoms (Johnson etal. 2002; McGue and Christensen
2003, McGue and Christensen 2013)

The purpose of this study was to examine the change and stability of genetic and
environmental contributions to anxiety symptoms across 26 years in older adults from ages
50 to 85. We sought to identify if new genetic or environmental influences were contributing
to the etiology of anxiety symptoms throughout older adulthood, and hypothesized that new
genetic factors would contribute to the etiology of anxiety in later life.

Materials and methods

Participants

Data were drawn from the Swedish Adoption Twin Study of Aging (SATSA). The SATSA
study is a subset of the Swedish Twin Registry. The registry includes data from all same-sex
twin pairs born in Sweden between 1886 and 1958 and is representative of the Swedish
population (Cederlof and Lorich 1978) saTSA contains all twins from the Swedish registry
who were reared apart, as well as twins reared together who were matched with twins reared
apart on gender, county of birth, and age. A total of 2,136 participants completed at least one
measure of anxiety. Because this study was interested in examining genetic and
environmental influences across older adulthood we excluded participants who never
reached age 50 during the study period (N = 75). Due to the small number of participants
aged 85 or older at the initial anxiety assessment these participants were excluded from our
analyses (N = 15). Participants were assessed at Q1 (1984) and again in 1987 (Q2), 1990
(Q3), 1993 (Q4), 2004 (Q5), 2007 (Q6), and 2010 (Q7). Therefore, over the 26-year follow-
up period, participants were assessed as many as seven times. In total, 2,021 participants
(753 complete twin pairs) completed at least one measurement of anxiety symptoms and
were between the ages of 50 and 85 years old. Of these 2,021 participants: 89 (4.40%)
completed all seven anxiety assessments, 133 (6.58%) completed six, 183 (9.05%)
completed five, 504 (24.94%) completed four, 355 (17.57%) completed three, 331 (16.38%)
completed two, and 426 (21.08%) completed only one assessment. This dataset is
particularly advantageous as a means for investigating our research question due to the fact
that half of the twin pairs were reared apart, increasing the power to examine the

contribution of shared rearing environment influences. For greater detail on the SATSA
methods and sample, please see Finkel & Pedersen (2004) ,, Pedersen et al. (1991)
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Anxiety was measured using two scales. The primary phenotype for this study was state
anxiety as measured using the 10-item state anxiety subscale of the State-Trait Personality
Inventory (STPI; SPielberger 1979y The STP| administered in SATSA used a 5-point
response scale (“Fits me exactly” to “Does not fit me at all”’). The STPI has been shown to
be reliable and valid with community dwelling older adults (POtvin etal. 2011y pe STP|
was administered at Q1, Q2, Q3, Q4, and Q7.

Anxiety was also measured at all Qs using a secondary anxiety scale, that we call the
Anxiety Personality Questionnaire (APQ), derived via data harmonization from anxiety
items of the neuroticism scale of the Eysenck Personality Inventory (EPI; Eysenck and
Eysenck 1968) The EPI neuroticism scale contains nine items which participants rate
dichotomously (No =0, Yes = 1) to indicate if they have been experiencing particular
thoughts or feelings. Data from the Q1 assessment was utilized to find the best set of EPI
neuroticism items that correspond to the STPI items and then transform the score of these
neuroticism items into STPI score units. Harmonization used the random equivalence-
equating method (Bond and Fox 2007y Rasch analyses demonstrated that three neuroticism
items (sensitive, happy or sad without reason, and worry after embarrassing oneself in a
social situation) exhibited poor fit with the STPI and were removed from the scale.

Subsequent Rasch analyses with the six remaining neuroticism items (“anxious”, “make
decisions late”, “tired”, “deep in thought”, “restless”, “nervous”) exhibited acceptable face
validity, person and item level psychometric properties, internal reliability (Cronbach’s alpha
= 0.66), and infit/outfit mean squares. A crosswalk conversion table based on common
person ability measures for each set of items permitted computing an APQ score that
matched the raw score of the six EPI items with the latent trait score values from the STPI.
Creating a second harmonized measure of anxiety permitted us more times of measurement

because APQ scores were available at all assessment points.

The STPI is a measure of state anxiety. Participants are asked to rate how they have been
feeling over the past 2 weeks. The APQ is a measure of trait anxiety in that participants were
asked to answer how they generally feel. It is likely that the APQ was capturing mean
anxiety over a long period of time while the STPI was capturing more current levels of
anxiety. Prior work in SATSA (Wetherell etal., 2001y pas found that although the STPI is
assessing state anxiety symptoms are relatively stable (autoregressive factor loading = 0.67)
over time.

Zygosity and rearing status—2Zygosity was determined using responses to standard

questionnaire items as to physical similarity, and confirmed with standard serological or

genetic marker assays for a subset of twins. Twins were classified as being reared apart if
they were separated before the age of 11 years old. Over 80% of twins reared apart were

separated before the age of five (Pedersen etal., 1991y

Statistical Analyses

Preliminary analyses were run prior to genetic model fitting. Due to sample size
considerations we were unable to fit the simplex models separately for males and females.
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Because prior research suggests that the genetic and environmental determinants of anxiety
may vary by gender (Gillespie etal. 2004y e controlled for sex effects by residualizing sex
effects using regression (McGue and Bouchard 1984y £ gescriptive purposes we
examined the differences between men and women on mean anxiety as well as the cross
sectional heritability of anxiety symptoms at the Q1 assessment. Additionally, the STPI
(skew=1.15, kurtosis=1.09) and APQ (skew =1.64, kurtosis=2.02) were significantly
skewed so a square root transformation was used to decrease the skew of the data (skew after
transformation = 0.73 and 1.29; kurtosis = —0.02 and 0.80). Lastly, to examine the possible
effect of differential attrition and missing data over the study period we compared
participants who completed only 1-2 assessments and participants who had completed at
least 3 assessments.

Standard biometrical genetic model-fitting methods were implemented. Twin studies allow
for the decomposition of the variance of a phenotype into the following components: the
additive genetic variance (A), shared rearing variance (S), correlated environmental variance
(C), and non-shared environmental variance including error (E). In the ACSE models four
sets of equations were used. Equations are based on whether the twin pair is monozygotic
reared together (covMZT = Vg + V¢ 4+ V), monozygotic reared apart (COVMZA = Vg + V),
dizygotic reared together (covDZT = 0.5*V, + V. + V), or dizygotic reared apart (covDZA
= 0.5*V, + V). The additive genetic coefficient for monozygotic (MZ) twins was set to 1.0
while for dizygotic (DZ) twins it was set to 0.50, as MZ pairs share 100% of the additive
effects of their segregating genes while DZ pairs share 50% on average. The intrapair
correlations were suggestive of possible dominant genetic effects. Therefore, we also
examined an ADSE model. It is mathematically impossible to estimate all ACDSE
components in the same model, therefore, separate ACSE and ADSE models were fit.

Participant age at each measurement was calculated and classified to be in one of seven age
buckets: 50-54.99, 55-59.9, 60-64.9, 65-69.9, 70-74.9, 75-79.9, and 80-84.9. If
participants were assessed twice during one of these periods only the first observation was
used. The total number of twin pairs aged 85 and older was small (N = only 12 complete
twin pairs with STPI data). Due to the limited humber of participants in this age group
simplex models did not include twins 85 and older. See Table | for the total number of
complete and partial twin pairs by zygosity, rearing status, and age bucket. Participants may
potentially be in multiple age buckets, therefore numbers do not add up to 2,021.
Additionally, because the APQ was administered at more time points there is a discrepancy
between number of assessment points for the STPI and APQ.

Longitudinal simplex models

Simplex models were fit to examine the stability of genetic and environmental influences on
anxiety symptoms over time. Simplex models allow for the analysis of the longitudinal
nature of the data and enables inferences of temporal causation (Boomsma et al. 1989)
Simplex models also discriminate between genetic/environmental factors that are persistent
across time and factors that are unique to a certain age. Genetic simplex models are first-
order autoregressive models in that scores are predicted on the basis of the previous time
point. Figure 1 displays the full simplex model with parameter labels. The anxiety score at
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age 55-59.99 can be expressed by the following equation: anXss_sg9 = Psg * anXss + {55-59.
In this equation the anxss_sg term represents the latent variable of anxiety for those 55-59
years old. The Bsq is the regression of the latent factor on the preceding latent factor of
anxiety for those 50-54 years old (anxsg). A beta that is significantly greater than 1.0
represents amplifications of previous influences to the next age. Similarly, a beta
significantly less than 1.0 represents a degradation of prior influences. The parameter {55_sg
is the new genetic innovation for those between the ages of 55-59. The equation for the
measurement model for those ages 50-54 was written as ANXsg = Agp*anxsg + €5q. In this
equation ANXsq represents the raw anxiety score for someone in this age group, Asg
represents the factor loading of this raw score (A was always constrained to 1.00) on the
latent variable anxsg, and egq represents the measurement error of the observed variables.
The innovation term ({) in the structural equation represents genetic or environmental factors
that significantly explain variance at that age group as well as every subsequent age. For
example, if genetic innovations at the ages of 50-54 are observed, assuming betas are non-
zero, those genetic innovations would continuously explain variance at all subsequent time
points. The genetic innovation at the 50-54 ages would also theoretically represent
continuation of genetic effects from even younger ages. Likewise, if significant genetic
innovations were observed at the ages of 70-74, this would indicate that new genetic
influences explain additional variance in anxiety at this age as well as all subsequent ages.
These genetic factors in this age 70-74 innovation, however, would not explain variance in
participants younger than 70. The error terms for the last two time points were constrained
to be equal. This constraint is needed in order for the model to be identified and converge.

The full model consisted of estimating all ACSE components. In total, the full ACSE model
estimated 65 parameters consisting of: six error terms (eg4 — €75), seven means (Usa — Ugg),
seven innovations (£) and six regression coefficients (8) for each source of variation (A, C, S,
or E). First, we examined the effect of shared rearing (S) by dropping this term from the
model and estimating an ACE model. Second, the effect of correlated (C) environmental
parameters was examined by dropping these terms from the model and estimating an AE
model. Next, we examined the effect of dropping the additive genetic parameter (A) on
model fit by dropping this term and estimating an E model. Model comparisons were done
by the log-likelihood ratio difference test. Full information maximum likelihood was used as
FIML estimation provides optimal error rates compared with alternative estimators when
missing data is present (Enders and Bandalos 2001y parameters were kept in the model if
dropping the parameter from the model resulted in significantly worse fit (p <0.05) when
compared to the full model.

After determining if an ACSE, ACE, AE, or E model best explained the data, we examined
the effect of genetic and environmental innovations. First, an omnibus test of the genetic and
environmental innovations was conducted in which all genetic and environmental innovation
terms except for age 50-54 were dropped from the model. Next, we followed the model
comparison steps implemented in past research utilizing simplex modeling to examine
anxiety symptoms across the lifespan (Gillespie etal. 2004y peplicating some steps from
Gillespie (2004) genetic and environmental innovations specific to each age group were
examined by systematically dropping each genetic and environmental innovation term one
by one for each time point starting at the age 55-59 grouping. Again, the log-likelihood ratio
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test was used to compare the omnibus and pairwise sub-models to the best fitting model
from the prior step. Innovations were kept in the model if dropping the parameter resulted in
significantly worse model fit. Last, to test for amplification or degradation of contributions,
we examined if transmission factors were significantly different than 1.0. We did this by first
conducting an omnibus test by constraining all transmission betas to equal 1.0. The omnibus
test was followed by separate comparisons constraining each transmission beta to equal 1.0
in a stepwise fashion starting with the fsq transmission term. The log-likelihood ratio test
was used to compare the constrained model to the best fitting model from the prior step. The
goal was to develop the most parsimonious model that best explains the data. Models were
fit for each anxiety measure separately using the program OpenMx version 2.2 (Boker etal.
2011). Sensitivity analyses were also conducted to examine the extent differential dropout
and missing data impacted our results. We re-ran the STP1 and APQ simplex models with
the subsample of participants completing three or more assessments. These sensitivity
analyses will have even less power, therefore we examined both pattern of estimates and
statistical tests.

Sample characteristics

The average age of participants at the Q1 assessment was 60.1 (SD = 14.0) years old. The
majority of the sample was female (57.9%, N = 1111) and the average STPI score at Q1 was
19.0 (SD=7.9) while the average APQ score was 19.4 (SD=9.9). The STPI and APQ
means were not significantly different for MZ and DZ twins. Table |1 presents the means and
twin correlations for the STPI and APQ by age group and zygosity. In Table Il participants
may be present in multiple age groups. On average women had higher STPI scores (Women
M =18.8 vs. Men M= 17.6; p<0.01) greater overall raw variance on the STPI (Variance
women = 0.72 vs. Variance men = 0.55) with STPI being more heritable in women (31.2%)
compared to men (22.7%). When comparing participants who completed more than two
assessments to participants with one or two assessments, those participants completing more
assessments were significantly younger (60.8 years old; SD= 7.8 vs. 67.4 years old; SD=
10.1) and had lower scores on the STPI (M=18.5; SD=7.5, vs. M= 19.6; SD=8.7).

STPI simplex models

Table Il presents a summary of the model fitting results for the longitudinal simplex model
of the STPI. Six separate full models were fitted: an ACSE model, an ADSE, an ACE, an
ADE, an ASE model, an AE model, and an E model. Model comparisons suggested that we
were able to drop the both rearing and shared environment variance components (Ay? (26) =
31.13, p=0.22), as well as the dominant genetic effects Ay? (13) = 9.48, p=0.74. Dropping
the additive genetic component resulted in significantly worse model fit (Ay? (13) = 104.38,
p=<0.01). Figure 2 presents the parameter estimates from the full AE model for the STPI
and figure 3 presents a graph of the raw variance components accounted for by genetic and
environmental factors estimated from the full AE model at each age group. As described
previously, the estimates of raw variance are a function of the innovations at each age bucket
and the autoregressive effect from the prior age bucket. The estimated additive genetic
variance is relatively stable from ages 50-54 until ages 70-74 at which the estimates
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increase over the following 10 years. The estimated heritability of the STPI at each age
bucket were as follows: 23% ages 50-54, 46% ages 55-59, 40% ages 60—64, 26% ages 65—
69, 38% ages 70-74, 62% ages 75-79, and 73% age 80-84.

The omnibus tests of the genetic (Ax? (6) = 7.94, p= 0.24) and unique environmental
innovations (Ay? (6) = 2.54, p = 0.86) suggested that, with the exception of age 50-54, all
genetic and unique environmental innovations could be dropped without worse model fit.
Power to detect modest innovations was likely not high, thus we ran exploratory analyses
examining specific genetic innovations. Beginning with ages 55-59, genetic innovations
were dropped one by one in a stepwise fashion. Compared to the full AE model there was a
significant deterioration in model fit when the genetic innovation at age 60-64 was dropped
(Ax? (1) = 5.90, p=0.02). Next, unique environmental innovations were dropped one by one
in a stepwise fashion. There were no significant decreases in model fit when all unique
environment innovations from ages 55-80 were removed from the model.

The additive genetic and unique environmental autoregressive transmittal factors were
examined next by conducting omnibus tests of genetic and unique environmental
transmission factors by constraining all transmittal betas to equal 1.0. The omnibus test for
the genetic transmissions (Ax2 (6) = 19.83, p< 0.01) was statistically significant while the
test of the unique environmental (Ay? (6) = 9.42, p = 0.15) transmissions were not.
Transmission factors were next examined in a stepwise fashion. The genetic transmission
factor from age 55 to age 60 was significantly less than 1.0 (Ay? (1) = 4.76, p= 0.03) while
the genetic transmission beta from age 70 to age 75 was significantly greater than 1.0 (Ay2
(1) = 7.43, p=0.01). The remaining genetic transmission betas could be constrained to 1.0
without worse model fit. The unique environmental transmission beta from age 75 to 80 was
marginally less than 1.0 (A2 (1) = 3.70, p= 0.054), suggesting a trend towards degradation
of prior unique environmental influences at ages 80. All other unique environmental
transmission betas constrained to 1.0 without worse model fit.

Sensitivity analyses of the STPI including only participants completing 3 or more
assessments were run. The omnibus test of the genetic transmissions (Ay? (6) = 12.91, p=
0.04) remained significant. Estimates of the genetic and environmental variance at each age
bucket were similar to the full model containing all participants.

APQ simplex models

Table IV presents a summary of the model fitting results for the longitudinal simplex model
of the APQ. Model comparisons suggested that dropping both the shared rearing and shared
environment variance components (Ax? (26)= 29.76, p= 0.28) and the dominant genetic
effects (Ay? (13) = 8.03, p= 0.84) did not result in worse fit, while dropping the additive
genetic component resulted in significantly worse model fit (Ay2 (13) = 146.84, p<0.01).
Figure 4 presents the parameter estimates from the full AE model for the APQ and Figure 5
presents the estimated additive genetic and unique environmental variance by age. The
estimated heritability of APQ at each age bucket were as follows: 44% ages 50-54, 44%
ages 55-59, 32% ages 60-64 and 65-69, 42% ages 70-74, 65% ages 75-79, and 62% ages
80-84.
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The omnibus tests of the genetic (Ax? (6) = 13.58, p=0.03) and unique environmental (Ay?
(6) = 19.24, p< 0.01) innovations were significant, suggesting these could not be dropped
from the model. See subheadings for tests of innovations presented in table IV. When
examining in a stepwise fashion however, no specific genetic innovation was statistically
significant. Compared to the full AE model there was a significant deterioration in model fit
when the unique environmental innovation at ages 70-74 (Ay? (1) = 6.38, p=0.01) and 80—
84 were dropped (Ay? (1) = 11.27, p< 0.01).

The additive genetic and unique environmental autoregressive transmittal factors were
examined next by conducting omnibus tests of genetic and unique environmental
transmission factors by constraining all transmittal betas to equal 1.0. The tests of transmittal
factors are presented in the subheadings listed in table I1V. The omnibus test for the genetic
(Ay2 (6) = 27.69, p< 0.01) and unique environmental (A2 (6) = 19.21, p< 0.01)
transmissions were statistically significant meaning all betas could not be constrained to 1.0.
Transmission factors were next examined in a stepwise fashion. The genetic transmission
factor from age 55 to age 60 was significantly less than 1.0 (A2 (1) = 8.09, p< 0.01). The
genetic transmission beta from age 70 to age 75 was significantly greater than 1.0 (Ax2 (1) =
8.66, p=0.01). The remaining genetic transmission betas were constrained to 1.0 without
worse model fit. The unique environmental transmission beta from age 70 to 75 was less
than 1.0 (Ay2 (1)= 6.83, p=0.01), suggesting a degradation of prior unique environmental
influences at ages 75 and the beta from age 75-80 was marginally less than 1.0 (Ay? (1) =
3.79, p=0.052). All other unique environmental transmission betas could be constrained to
1.0 without worse model fit.

Sensitivity analyses of the APQ including only participants completing 3 or more
assessments were run. The omnibus test of the genetic innovations (Ax? (6) = 14.6, p= 0.02)
and transmissions (Ax2 (6) = 30.75, p < 0.01) remained significant as did the omnibus test of
the environmental innovations (Ay?2 (6) = 27.32, p< 0.01) and transmissions (Ay? (6) =
17.01, p=0.01). Estimates of the genetic and environmental variance at each age bucket
were similar to the full model containing all participants.

Discussion

The aim of this study was to examine the change and stability of genetic and environmental
influences on anxiety symptoms across older adulthood. Consistent with our hypothesis, we
did find evidence for new genetic determinants of anxiety over age with new genetic
influences arising between the ages of 60-64 for our main anxiety measure, the STPI. These
genetic factors continued to contribute to anxiety symptoms up to age 85. No new genetic
influences were found on our secondary measure of anxiety. On both measures, additive
genetic transmission factors from ages 70-75 were greater than 1.0, suggesting the
amplification of prior genetic influences in participants in their 70’s and into their 80’s. On
both measures there were genetic transmissions significantly less than 1.0 from ages 55 to
60. Evidence for new unique environmental determinants of anxiety arising in participants
70’s also was found for our secondary measure but not for the STPI. These innovations were
combined with a degradation of unique environmental factors at subsequent ages on both
measures, either age 70—75 or age 75-80 depending on the measure. This suggests that the
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unique environmental innovations were relatively transient and primarily important during
this age and not correlated with subsequent unique environmental contributions. Our two
measures of anxiety showed remarkably similar patterns across age. Although the statistical
significance of particular parameters did not always follow suit across measures, they were
consistent in magnitude and direction of effect. No significant shared or correlated

environmental factors were found, which is also consistent with a large body of literature
(Kendler et al. 2011

Genetic innovations at age 50-54 (and earlier in life) were the greatest contributors to
genetic variance across older adulthood. This is consistent with past research (Glllespie et
al., 2004). We also found evidence for new genetic contributions for anxiety in older
adulthood, in the age range not well covered in the Gillespie et al. study. Perhaps also
leading to disparate findings, five-year age buckets were used in the current work, while ten-
year age buckets were utilized in the Gillespie et al. study. The ages at which new genetic
contributions were found (age 60-64) are consistent with when late-onset anxiety may occur
(¢hang et al. 2015) Thjs finding is of particular importance due to the paucity of studies
examining genetic contributions to late-life anxiety. Late-onset anxiety occurs in the context
of chronic health conditions, cognitive decline, or stressful life events (£hang etal. 2015)
The new genetic contributions may reflect genes that are shared with these other phenotypes
that are commonly comorbid with late life anxiety. A growing body of literature is
documenting the association between anxiety and poorer cognitive performance, particularly
in processing speed and executive functioning, in older adulthood (Béaudreau and O’Hara
2008). Although varying by domain, cognitive functioning typically starts to decline at a
greater rate starting around the age of 60 (Salthouse 2010y ¢ js possible that genes
contributing to these physiological changes and cognitive decline may partially explain this
genetic innovation in anxiety seen at age 60 as research has hypothesized genetic overlap of
the phenotypes of anxiety, depression, and cognitive performance (Rodrigues et al. 2014y
These explanations are speculative and future research needs to examine this further and the
need for future research to investigate genetic contributions to late life anxiety is great.

In addition to increased heritability of anxiety symptoms at older ages, on our secondary
measure, we found evidence for new unique environmental innovations on anxiety
symptoms at age 70-74 and 80-84. The innovations may reflect some of the stressful life
events that are associated with the aging process that commonly increase in frequency at
these ages. Providing care for a significant other who is chronically ill or cognitively
impaired may be one of these environmental events associated with anxiety at this age.
Additionally, the likelihood of experiencing significant bereavement from death of a spouse,
family, or close friend increases. These stressors may explain the significant unique
environmental contributions to anxiety symptoms that were found starting at these ages.

Results were largely consistent for both the more extensively studied measure of anxiety, the
STPI, as well as our harmonized anxiety measure, the APQ. The primary purpose of
including the APQ in these analyses was to fill in the 17 year gap in administration of the
STPI, as the APQ was administered at all assessment times. Although tests of significance
were not consistent both measures provided similar estimates of the genetic and
environmental contributions to individual differences. Both measures gave similar results for
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genetic and environmental transmissions. Additionally, for both measures heritability
estimates and additive genetic variance increased after age 70. The similarity between these
measures provides support for using the APQ as a measure of anxiety in future work.
Additionally, the consistency of results between both measures provides support that the 17-
year gap in the STPI did not significantly impact results.

In past research with SATSA, Pedersen and Reynolds (1998) yenorted on heritability of the
9-item neuroticism scale across four times of measurement, reporting a decrease from 29%
heritability at the first occasion (Q1) to 7% at the last time point (Q4). These results cannot
be compared directly to the current paper, as the authors used the full neuroticism scale

rather than the subset of anxiety items, and they analyzed change over time rather than age.

Our study has a number of limitations. First, the limited sample size prevented examination
of some important factors. Namely, the sample size prevented the examination of sex
differences and prevented examination of anxiety in participants over the age of 85.
Relatively small samples also may have limited our ability to detect significant innovations
contributing to the differences in statistical testing between the two measures of anxiety.
Schmitz, Cherney, & Fulker (1998) conducted a power analysis for a 4-wave univariate
simplex. They found that with 100 MZ and DZ complete pair one can reliably detect
significant variance with heritability of 0.40 and transmission parameters’ greater than 0.50.
For some age buckets of the STPI analyses we are under 200 complete pairs, however for the
APQ we generally exceed this number for most age buckets. Additionally, we have more
than four waves of the APQ and transmission estimates are generally at or above 0.50
resulting in greater statistical power. Another limitation was measurement of anxiety.
Although the APQ performed similarly to the more psychometrically established STPI, the
APQ is a measure of anxiety derived from a measure of neuroticism. Anxiety measures
specifically designed for use with older adults should be considered in future research.
Although sensitivity analyses suggested that differential attrition did not greatly impact the
results, it should be noted that participants completing more assessments had lower anxiety
and were younger on average than participants completing two or more assessments.
Additionally, there are limitations inherent to longitudinal simplex models. Simplex models
do not enable the examination of specific trajectories over time. Additionally, Ormel and
Rijsdijk (2000) highlight that genetic or environmental innovations are significant events
that not only impact variance at specific time points, but all subsequent time periods. The
extent to which such significant genetic or environmental contributions occur uniformly at a
specific age and have enough effect to impact variance at subsequent ages is potentially rare
and unlikely.

In sum, this study examined change and stability of genetic and environmental contributions
to anxiety in later life. We found that genetic and environmental influences are mostly stable
throughout later life. For our main anxiety measure we found evidence for new genetic
factors impacting the etiology of anxiety symptoms starting at the ages of 60—-64 with
amplification in participants in their 70’s. New environmental factors were found in
participants in their 70’s and 80’s; however, these appeared more transient. It is unclear what
these new genetic influences are, although correlates of anxiety such as cognitive
impairment that commonly co-occur with anxiety in later life might be contributing factors.
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Future studies will be able to focus on identifying the specific genetic and environmental
innovations associated with anxiety in late life.
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Figure 1.
Depiction of the parameter estimated in the full AE STPI simplex model. A = additive

genetic effects; E = unique environmental effects; STPI = STPI for each age bucket; single
headed arrows=path coefficients; double headed arrow = variance components. A is
constrained to 1.0.
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Figure 2.
Depiction of the parameter estimates from full AE STPI simplex model. A = additive genetic

effects; E = unique environmental effects; STPI= STPI for each age bucket; single headed
arrows=path coefficients; double headed arrow = variance components; * represents a
significant decrease in model fit when parameter is dropped/constrained to 1.0
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Figure 3.
Graph of the estimated unstandardized raw variance components with 95% confidence

intervals in STPI by additive genetic (A) and unique non-shared environments (E) factors.
Estimates are from the full AE model estimating all genetic and environmental innovations
without constraint on the autoregressive transmission factors.
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Depiction of parameter estimates from the full AE APQ simplex model A = additive genetic
effects; E = unique environmental effects; APQ= APQ for each age bucket; single headed
arrows=path coefficients; double headed arrow = variance components; * represents a

significant decrease in model fit when parameter is dropped/constrained to 1.0
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Figure 5.
Graph of the estimated unstandardized raw variance components with 95% confidence

intervals in APQ by additive genetic (A) and unique non-shared environments (E) factors.
Estimates are from the full AE model estimating all genetic and environmental innovations
without constraint on the autoregressive transmission factors.
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