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The extent to which early-life cognitive ability shapes individuals’ social functioning throughout life, in
the context of later-life factors, is unknown. We investigated performance on the Faux Pas test (FP) in
relation to psychosocial characteristics and childhood intelligence scores in 90 healthy older men. FP
performance was associated with close social network size but not social contact, social support, or
loneliness when accounting for both childhood and later-life intelligence, affect, personality, and
sociodemography. We add to a growing literature on associations between theory of mind and intelli-

gence, affect, and personality.
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Socioemotional selectivity theory (Carstensen, 2006) posits that
older individuals strategically prune their social networks in favor
of social environments that are more emotionally satisfying (Eng-
lish & Carstensen, 2014). The positive emotions experienced by
older adults during social interactions are thought to improve their
emotional well-being (Scheibe & Carstensen, 2010) and social
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functioning (Charles & Carstensen, 2010; Luong, Charles, & Fin-
german, 2011).

The formation and maintenance of successful social relation-
ships in older adults may also rely on theory of mind (ToM). ToM
is the ability to ascribe mental states to oneself and others to
explain and predict behavior (Premack & Woodruff, 1978). Def-
icits in performance-based ToM correspond to impairments in
real-world social functioning among clinical groups (Bishop-
Fitzpatrick, Mazefsky, Eack, & Minshew, 2017) and typically
developing children (Caputi, Lecce, Pagnin, & Banerjee, 2012).
However, while ToM declines in older age (Henry, Phillips, Ruff-
man, & Bailey, 2013), the role that ToM plays in older adults’
social lives remains poorly understood.

In one of the few studies exploring the relationship between
ToM and psychosocial functioning in later adulthood, Bailey,
Henry, and Von Hippel (2008) demonstrated that reduced mental
state understanding was associated with decreased social partici-
pation in older adults. Yeh (2013) later showed that ToM perfor-
mance was related to self-reported social skills in older age. Also,
Lecce et al. (2017) found links between older adults’ ToM perfor-
mance and self-perceived friendship indicators. Nonetheless, not
only does the robustness of these associations require further
investigation, but also whether they are potentially modulated by
individual differences in nonsocial psychological domains.

The correspondence between ToM and psychosocial character-
istics might be partly affected by cognitive variation. The two-
systems account of ToM proposes that mental state understanding
relies on both the readily triggered implicit processes of sensory
perception (e.g., face processing) and the consciously guided ex-
plicit processes of higher cognitive skills, such as language and
reasoning (Apperly & Butterfill, 2009; Frith & Frith, 2008). In-
deed, ToM has been related to verbal ability and abstract reasoning
in young adults (Ahmed & Stephen Miller, 2011), and abstract
reasoning in older adults (Cox et al., 2014). Meinhardt-Injac,
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Daum, Meinhardt, and Persike (2018) found that a verbal latent
factor, but not an abstract reasoning one, predicted ToM abilities in
young adults. To our knowledge, however, the independent influ-
ences of language and abstract reasoning on associations between
ToM and psychosocial characteristics have not been examined in
older age.

Furthermore, while certain cognitive functions (including fluid
intelligence) deteriorate, on average, with age (Singh-Manoux et
al., 2012), individual differences in intelligence remain relatively
stable from childhood to later adulthood (Deary, 2014). While
such measures of general cognitive ability are related to ToM in
children (Ibanez et al., 2013) and older adults (Cox et al., 2014;
this sample), the lifelong stability of intelligence poses questions
about how much later-life ToM and social support might simply
reflect a lifelong association between early-life intelligence and
social abilities. However, this possibility, in the context of other
important later-life factors, has yet to be investigated.

Links between ToM and psychosocial factors may also be
influenced by affect and personality. Major depressive disorder
(MDD; Bora & Berk, 2016) and social anxiety disorder (Wash-
burn, Wilson, Roes, Rnic, & Harkness, 2016) have been coupled
with ToM impairments in young and/or older adulthood. Regard-
ing personality, Agreeableness, for example, has been shown to
correlate with ToM performance in young adults (alongside Neu-
roticism; Nettle & Liddle, 2008) and moderate day-to-day inter-
personal conflicts in adolescents (Jensen-Campbell & Graziano,
2001). Yet, the effects of affect and personality on links between
ToM and psychosocial functioning remain seemingly unexplored
in older age.

The Faux Pas test (FP; Stone, Baron-Cohen, & Knight, 1998) is
a widely used task that is administered to assess age-related
decline in ToM (Henry et al., 2013). Participants are presented
with 20 written stories, 10 of which contain a faux pas. Participants
should identify whether the protagonists’ spoken words may have
unintentionally upset other characters in the stories; this requires
an understanding of others’ cognitive and affective states.

The present study aimed to characterize relationships between
ToM, as measured by the FP test, and psychosocial characteristics
in older age, where impaired mental state understanding putatively
entails decreased social participation. The second goal was to
determine whether early-life cognitive ability influences the rela-
tionship between ToM and psychosocial characteristics in later-life
or whether there are additional influences from later-life nonsocial
factors, such as crystallized (g.) and fluid (g;) intelligence, depres-
sive and anxious symptoms, and personality traits, but also so-
ciodemography.

Method

Participants

Ninety males aged 73.2 to 75.0 years from the Lothian Birth
Cohort 1936 (LBC1936) participated. Cohort members were born
in 1936 and tested at age ~11 on the Moray House Test (MHT) for
the Scottish Mental Survey of 1947 (Deary, Whalley, & Starr,
2009; Scottish Council for Research in Education, 1949). Raw
MHT scores (maximum = 76) were converted into intelligence
scores (M = 100, SD = 15) and corrected for age (in days) at
testing. Participants were recruited from Edinburgh and surround-

ing areas for follow-up testing at age ~70 years (Wave 1; Deary
et al., 2007), and returned 3 years later for further testing (Wave 2;
Deary, Gow, Pattie, & Starr, 2012).

The current sample was invited to participate in a cortisol study
during which the Faux Pas test was administered (Cox, Bastin, et
al., 2015; Cox et al., 2014, 2017; Cox, MacPherson, et al., 2015).
The inclusion criteria included: male (due to sex differences in
glucocorticoid secretion patterns), = 24 on the Mini-Mental State
Examination (Folstein, Folstein, & McHugh, 1975); < 11 on the
Depression subscale of the Hospital Anxiety and Depression Scale
(HADS; Zigmond & Snaith, 1983), a structural brain MRI scan
within 1.5 years, and no current antidepressant or glucocorticoid
medication use. Ethical permission was obtained from the Multi-
Centre Research Ethics Committee for Scotland (MREC/01/0/56),
the Lothian Research Ethics Committee (LREC/2003/2/29), and
the Scotland A Research Ethics Committee (07/MRE00/58). All
volunteers gave written informed consent.

At Wave 2, participants indicated their relationship status, di-
chotomously coded as single/divorced/widowed (0) versus mar-
ried/cohabiting/other (1), and living arrangement, dichotomously
coded as living alone (0) versus living with others (1). An index of
local deprivation (Scottish Index of Multiple Deprivation; SIMD;
Scottish Executive, 2004) was derived for each participant at Wave
1, assessing employment, income, health, education, access, crime,
and housing. SIMD (henceforth, reported as local deprivation) was
measured on a ratio scale, with a score of 1 indicating the most and
6,505 the least deprived data zone.

Measures

The FP test. Wave 2 participants undertook the FP test indi-
vidually. Ten of the 20 stories contained a verbal faux pas. Par-
ticipants read each story at their own pace and indicated when they
were finished. They were then read a series of eight questions
while the story remained in front of them. The first assessed
whether participants recognized that a faux pas had been commit-
ted. The next four assessed cognitive ToM: who committed the
faux pas, the inappropriateness of what was said, the speaker’s
motivations, and a story character’s beliefs. The final question
assessed empathy/affective ToM: how the characters felt. Finally,
two control questions assessed whether participants understood the
story. The main outcome variable was the total number of correct
responses for the 10 faux pas stories, excluding responses to the
empathy/affective ToM and control questions. Each correct re-
sponse was awarded 1 point (maximum = 50). Scoring was
according to the Stone et al. (1998) guidelines. The FP test is
considered a valid measure of ToM (Baron-Cohen, O’Riordan,
Stone, Jones, & Plaisted, 1999), and has good internal consistency
(Cronbach’s alpha = .91) and test-retest reliability (Cronbach’s
alpha = .89; Yeh, Hua, & Liu, 2009).

Social contact. Wave 1 participants completed eight yes/no
items relating to social life (Gow, Corley, Starr, & Deary, 2013).
The four questions regarding social contact (Cronbach’s alpha =
.67)—such as: “In the last 2 weeks, excluding people you live
with, have you seen a friend to have a chat to?”—were summed
(for all questions, see Table 1 in the online supplemental materi-
als). Higher scores indicated greater social contact.

Social support. Wave 1 participants completed a 12-item
questionnaire adapted from the Social Support Questionnaire
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(Short Form; SSQ; Sarason, Sarason, Shearin, & Pierce, 1987). It
comprised six questions regarding the level of social support
received, measured on a 5-point scale from None of the time to All
of the time, such as: “How often could you count on people to
console you when you were very upset?” (for all questions, see
Table 2 in the online supplemental materials). Higher scores indi-
cated greater social support.

Loneliness. Wave 2 participants were asked from the Euro-
pean Social Survey (2006): “How often have you felt lonely during
the past week?” The item was measured on a 4-point scale ranging
from None or almost none of the time to All or almost all of the
time. Since 74 out of 90 participants (82.2%) reported feeling
lonely none or almost none of the time, the data were collapsed
into a dichotomous variable coded as not lonely (0) versus
lonely (1).

Close social network size. Wave 1 participants were asked to
estimate the size of their close social networks in response to:
“About how many ‘close’ friends and ‘close’ relatives do you have
(‘close’ meaning people that you feel at ease with, could talk to
about what was on your mind, and could call on for help)?”

Crystallized intelligence (g.). To measure g., the Wechsler
Test of Adult Reading (Wechsler, 2001) was administered at Wave
2. It requires the pronunciation of 50 irregularly spelled words; 1
point for each correct pronunciation was awarded, and a score out
of 50 was used as the outcome variable.

Fluid intelligence (g,). At Wave 2, g, was assessed using five
subtests from the Wechsler Adult Intelligence Scale-III UK
(WAIS-III UK; Wechsler, 1997a): Block Design, Letter-Number
Sequencing, Matrix Reasoning, Digit Symbol, and Symbol Search;
and one subtest from the Wechsler Memory Scale-III UK (WMS-
IIT UK; Wechsler, 1997b): Backward Digit Span. In all subtests,
higher scores indicated higher g;.

Depression and anxiety. The HADS (Zigmond & Snaith,
1983) was completed at Wave 2, with seven items examining
symptoms of depression and seven of anxiety. Both subscales had
a maximum score of 21; higher values represented more depres-
sive and anxious symptoms.

Personality. The International Personality Item Pool (IPIP;
Goldberg, 1999) was administered at Wave 2 to assess Big-Five
personality traits (Costa & McRae, 1992): Extraversion, Agree-
ableness, Conscientiousness, Emotional Stability (reverse of Neu-
roticism), and Intellect (henceforth, reported as Openness). Higher
scores indicated greater personality trait presence, and each do-
main allowed for a maximum score of 40.

See Table 3 in the online supplemental materials for the assess-
ment wave for each study variable.

Statistical Analyses

Statistical analyses were performed in R Version 3.2.2 (“Fire
Safety”; R Core Team, 2016). Social support was derived by
entering the six SSQ questions (Cronbach’s alpha = .94) into a
principal component analysis (PCA) using the “principal” function
from the “psych” package, using data from all LBC1936 Wave 1
participants (N = 1,091), from which the scores for the FP sub-
sample (N = 90) were extracted. The first unrotated principal
component accounted for 76% of the variance (all loadings = .84;
see Table 2 in the online supplemental materials).

To derive a general measure of g, a PCA was conducted using
five WAIS-III UK (Block Design, Letter-Number Sequencing,
Matrix Reasoning, Digit-Symbol, and Symbol Search) and one
WMS-III UK subtests (Backward Digit Span), using all available
data from the LBC1936 at Wave 2 and then extracting the scores
for the FP subsample. The first unrotated principal component
accounted for 51% of the variance (Cronbach’s alpha = .73; all
loadings > .65; see Table 4 in the online supplemental materials).

We used Welch’s ¢ tests (for ratio variables) and Pearson’s
chi-squared tests (for categorical and ordinal variables) to examine
whether those who performed the FP test (N = 90) differed
significantly from those who did not (N = 1,001) on psychosocial,
cognitive, affective, personality, and sociodemographic data. Next,
we examined bivariate associations between all study variables
(Pearson’s r).

We then used multiple linear regression—simultaneously mod-
eling intelligence, affect, personality, and sociodemography—to
ascertain the unique contributions each variable made to FP per-
formance. Living arrangement was dropped from the model, given
its high variance inflation alongside relationship status. Then, we
regressed MHT scores onto g, and g;, and ran the model again with
these residuals, thereby accounting for childhood intelligence.
Finally, associations between FP performance and our psychoso-
cial outcomes, treated as dependent variables, were explored using
hierarchical regression. Separate models were fitted for each psy-
chosocial variable to examine the variance accounted for by FP
performance alongside other potentially confounding measures.
With each model iteration, predictors were added incrementally:
(a) FP performance, (b) age (in days), (c) intelligence, (d) symp-
toms of depression and anxiety, (e) five personality traits, and (f)
relationship status and local deprivation (again, living arrangement
was not included). We used multiple linear regression except for
loneliness, where we used binomial logistic regression. The p
values were corrected for multiple comparisons using false dis-
covery rate (FDR; Benjamini & Hochberg, 1995) with “p.adjust”
from the “stats” package. Variance inflation was ascertained for
each model fit using “vif” from the “car” package. Finally, we
regressed MHT scores onto g. and g, and ran the models again
using these residuals to take account of childhood intelligence.

Results

Descriptive statistics and tests of differences between the FP
subsample and the LBC1936 (excluding the FP subsample) are
reported in Table 5 in the online supplemental materials.

Bivariate associations between the study variables within the FP
subsample are shown in Table 1. They revealed that better FP
performance correlated with higher MHT scores, r = .591, p <
.001, higher g, r = .588, p < .001, higher g, r = .482, p < .001,
higher Openness, r = .311, p = .003 and Emotional Stability, r =
222, p = .036, and fewer depressive symptoms, r = —.278, p =
.008. Better FP performance also correlated with smaller close
social network size, r = —.397, p = < .001, but not with any other
psychosocial characteristic (rs = .199, ps = .060).

Using multiple regression, only g. (B = .367, p <.001), g, (B =
216, p = .026), and depressive symptoms (B = —.227, p = .025)
made significant unique contributions to FP performance, with the
overall model accounting for 39% of the total variance. The only
variable to survive FDR correction (¢ < .007) was g (see Table 6
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Table 2
Regression Results for Faux Pas Performance as a Predictor of Psychosocial Characteristics
Model B SE t P

Social contact
Fp —.122 107 -—1.14 259
FP + Age —.123 107 —1.15 256
FP + Age + Intelligence —.143 141 -—1.01 314
FP + Age + Intelligence + Affect —-.176 .151 —1.17 247
FP + Age + Intelligence + Affect + Personality —-.161 .156 —1.03 .305

FP + Age + Intelligence + Affect + Personality + Sociodemography

Social support

—.130 .154 -85 400

FP 025 115 22 .830
FP + Age 025 .116 21 832
FP + Age + Intelligence .047 153 31 758
FP + Age + Intelligence + Affect —.152 147 -1.03 .306
FP + Age + Intelligence + Affect + Personality —.137 .151 —91 .366
FP + Age + Intelligence + Affect + Personality + Sociodemography —.139 .153 —91 .368
Close social network size
FP —499 131 -—-382 <.001
FP + Age —.501 .124 —-4.03 <.001
FP + Age + Intelligence —.440 159 -—276 .007
FP + Age + Intelligence + Affect —-.501 .169 —2.97 004
FP + Age + Intelligence + Affect + Personality —476 175 =273 .008
FP + Age + Intelligence + Affect + Personality + Sociodemography —.435 .164 —2.65 010
OR  25% 97.5% p

Loneliness
FP .646 397 1.053 .072
FP + Age .647 397 1.054 .072
FP + Age + Intelligence 382 .167 77 .012*
FP + Age + Intelligence + Affect 386 .149 .882 .032
FP + Age + Intelligence + Affect + Personality 357 112 927 .048
FP + Age + Intelligence + Affect + Personality + Sociodemography 329 .098 .884 .040

Note. Bold typeface denotes significant p values following false discovery rate correction across all results
reported in the table. All variance inflation factors = 2.830. 3 = standardized coefficients reported except for
loneliness (odds ratios [ORs)]; FP = Faux Pas performance; Intelligence = fluid intelligence and crystallized
intelligence; Affect = symptoms of depression and anxiety; Personality = Extraversion, Agreeableness,
Conscientiousness, Emotional Stability, and Openness; Sociodemography = relationship status and local

deprivation.

“No longer significant (p = .076) when controlling for childhood intelligence.

successfully prune one’s network to maximize emotional satisfac-
tion (Carstensen, 2006).

Another finding was the significant link between FP perfor-
mance and g. and g In simple bivariate analyses, both were
associated with FP performance with comparable magnitudes; the
FP-g; association supports prior findings (Cox et al., 2014; Ibanez
et al., 2013), but the FP-g,_ relationship had not been examined.
Here, when g, was modeled simultaneously alongside other cova-
riates, g. remained a significant FP predictor, corroborating prior
evidence that verbal ability uniquely moderates various indices of
ToM (Meinhardt-Injac et al., 2018). It is also relevant to reports
that reading literary fiction may enhance social reasoning in adults
(Kidd & Castano, 2013). Our study’s advantage was that it was
able to demonstrate that the relationship between intelligence and
ToM begins in childhood and persists throughout life.

FP performance was also correlated with self-reported depres-
sive symptoms, as measured by the HADS. This is in line with
research indicating that current depressive symptoms or diagnosed
MDD debilitate ToM regardless of age (Bora & Berk, 2016).
Moreover, depressive symptoms were a nominally significant pre-
dictor of FP performance beyond the variance this task shares with
intelligence itself.

Finally, Openness and Emotional Stability, measured using the
IPIP, were the Big-Five personality dimensions significantly cor-
related with FP performance. A similar relationship between
Openness and ToM has been reported in younger age (Mar, Oat-
ley, & Peterson, 2009; but see Nettle & Liddle, 2008). Higher
Openness might relate to greater cognitive ability (Soubelet &
Salthouse, 2011), which is supported by our finding that the
association between Openness and FP performance became non-
significant when accounting for intelligence. Similarly, Emotional
Stability was no longer significantly linked with FP performance
when entered into this regression model, which also included
depressive and anxious symptomatology. Future research should
further address how personality relates to ToM using various tasks
while accounting for intelligence and affect.

Our study has several limitations. Importantly, we used only one
ToM measure. Additionally, it would have been optimal to deter-
mine the influence of psychosocial characteristics on FP perfor-
mance compared with control stories. However, participants per-
formed almost entirely at ceiling on these, which is common in
studies using the FP test (MacPherson, Phillips, & Della Sala,
2002; Stone et al., 1998). This indicates that individual FP vari-
ability is unlikely to be attributable to participants’ lack of story
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comprehension. Our close social network size data were cross-
sectional and so we cannot directly address the phenomenon of
network size pruning. Moreover, two measures were based on
single items (loneliness and close social network size) and some
were binary (loneliness, relationship status, and living arrange-
ment), reducing fidelity to capture individual variation. Also, lone-
liness was unbalanced and underpowered, limiting the reliability to
estimate its predictors. Furthermore, inclusion of solely male par-
ticipants within a narrow old-age range, and the restricted nature of
this cohort study (Johnson, Brett, Calvin, & Deary, 2016), limit the
generalizability of our results to females, other ages, and, perhaps,
less healthy participants of the same age. Finally, while our study
was sufficiently powered to reliably detect large- and medium-
sized effects, our sample size precluded the reliable estimation
of small effects and may have resulted in overfitting and infla-
tion of effect sizes (Ioannidis, 2008).

Notwithstanding these limitations, we provide evidence that
ToM, or at least the FP test, may be selectively sensitive to
psychosocial characteristics in older age; those more aware of
social slips were more likely to report fewer close others, and to
report being less lonely, but were not more or less socially isolated
with respect to social contact or support. Future work might
consider whether ToM contributes to the investment in maintain-
ing closer, more positive relationships as individuals age. How-
ever, our work is preliminary and should be interpreted with
caution until replicated in wider and more varied samples.
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