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Abstract
Background: Individuals with generalized anxiety disorder (GAD) symptoms show 
deficits in emotion processing, but results of prior studies have been conflicting, and 
little is known about developmental trajectories of emotion processing over time. We 
examined the association between GAD symptoms and sensitivity to recognizing 
emotional facial expressions (emotion sensitivity: ES) for three emotions (happiness, 
anger, fear) in a large, diverse, population‐based sample. We hypothesized that higher 
anxiety scores would be associated with poorer performance, and expected that ES 
performance and anxiety scores would decline across the lifespan.
Method: Participants were 7,176 responders to a web‐based ES study (age 
range = 10–96 years old).
Results: Higher GAD‐7 scores were associated with poorer ES performance for all 
emotion categories (happiness, anger, fear). The relationship between GAD‐7 and ES 
scores remained significant after controlling for the effects of age and sex, and there 
was no significant interaction, indicating that the relationship does not change across 
age. Age significantly predicted ES and GAD‐7 scores across emotions, with older 
ages showing lower ES scores and lower anxiety.
Conclusions: In the largest study of its kind, GAD symptoms were associated with 
impaired ES performance across three emotion types. Future research should ex‐
plore the connection between anxiety symptoms, cognitive processing, and social 
processing to better characterize the mechanisms of how GAD is linked with both 
social and non‐social information processing. Future work may also look at if ES is 
related over time to changes in anxiety, making it a promising target for 
intervention.
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1  | INTRODUC TION

For the last 40 years, researchers have investigated the connection 
between emotional disorders like anxiety and mood disorders and 
cognitive, perceptual, and emotional biases (e.g. Beck, 1976; Cisler, 
Olatunji, Feldner, & Forsyth, 2010; Eysenck, 2013; Leppänen, 
2006; MacLeod, Mathews, & Tata, 1986; Mathews & Mackintosh, 
1998; Mogg, Millar, & Bradley, 2000). Accurate identification of 
others’ emotions is critical for the initial development and progres‐
sion of interpersonal relationships. Emotion perception has several 
components including (a) appraisal and identification of the emo‐
tional significance of a stimulus, (b) production of an affective state 
in response, and (c) regulation of the affective state and emotional 
behavior (see Phillips, Drevets, Rauch, & Lane, 2003 for a critical 
review). Here, we focus on one aspect of appraisal and identifica‐
tion of emotion: facial emotion sensitivity (ES), or, the ability to 
detect and discriminate intensities of emotional facial expressions. 
Previous studies have linked ES with higher interpersonal func‐
tioning and better quality of life (Davis, 1983; Mueser et al., 1996). 
Because emotion perception is reliant on complex and widespread 
neuropsychological processes, it can be disrupted both by psychi‐
atric disorders such as anxiety, and by the natural aging process 
(Adolphs, 2002; Ruffman, Henry, Livingstone, & Phillips, 2008; 
Vrijen et al., 2016; Zhuang et al., 2018).

Previous research findings about the effects of generalized 
anxiety disorder (GAD) on emotion perception been varied and 
even contradictory. While some studies have linked GAD with 
lower emotion identification ability (Attwood et al., 2017) and 
selective attention to threat relative to controls, other studies 
have shown people with generalized anxiety symptoms have a 
lower threshold for emotion identification, that is, they perceive 
target emotions more quickly than non‐anxious groups (Bradley, 
Mogg, White, Groom, & de Bono, 1999; Bui et al., 2017; Plana, 
Lavoie, Battaglia, & Achim, 2014). High trait anxiety has been 
linked to better facial recognition of fear specifically (Surcinelli, 
Codispoti, Montebarocci, Rossi, & Baldaro, 2006). A meta‐analysis 
of impaired attribution of emotion to facial expressions showed 
that adults with anxiety disorders show moderate impairment in 
facial emotion recognition (d = −0.58, p < 0.001) (Demenescu, 
Kortekaas, den Boer, & Aleman, 2010). However, this same meta‐
analysis showed that children with anxiety disorders do not have 
an overall deficit in recognizing emotions (Demenescu et al., 2010). 
Thus, the relationship between ES and anxiety may differ across 
the lifespan.

As with anxiety symptoms, aging also impacts a person's ability 
to correctly define a given emotion. Based on a meta‐analysis con‐
ducted by Ruffman et al., (2008), older adults are slightly better than 
young adults at recognizing expressions of disgust, but worse at de‐
tecting anger, sadness, fear, and happiness. Emotional identification 
ability also appears to increase during the transition to adulthood, 
with people below the age of 15 showing a lower perception abil‐
ity than those between the ages of 15 and 30 (Olderbak, Wilhelm, 
Hildebrandt, & Quoidbach, 2018).

There are several limitations to the existing literature including 
methodological problems (e.g. Macmillan & Creelman, 2004), con‐
flicting results (see Ko, 2018 for a review), and concerns with achiev‐
ing adequate power and replicability (e.g. Asendorpf et al., 2013). We 
address these problems by using a large, diverse sample assessed 
via the web‐based laboratory, TestMyBrain.org (see Germine et al., 
2012). Web‐based testing methods allow for the feasible recruit‐
ment of large samples across a broad age range. Previous compari‐
sons of emotion perception tests administered on the web versus in 
the lab have shown that data are comparable in quality (Germine et 
al., 2012; Hartshorne & Germine, 2015; Meyerson & Tryon, 2003).

Thus, we aimed to resolve this mixed literature by (a) studying 
a much larger and more diverse sample than previously studied; (b) 
using a method that targets ES, a specific aspect of emotion per‐
ception; and (c) accounting for the potentially confounding effects 
of age on ES. Importantly, we also used a bias‐free method to ob‐
tain sensitivity scores, using two‐alternative forced choice intensity 
judgments for individual emotions. This allowed us to experimentally 
isolate ES for each emotion (happiness, anger, fear), free of poten‐
tially confounding differences in response bias that might also vary 
with age and anxiety symptoms. We hypothesized that our experi‐
mental design and well‐powered sample might uncover previously 
unobservable associations between anxiety and ES. We had two pri‐
mary hypotheses: (a) higher anxiety will predict reduced sensitivity 
to all emotions (happiness, fear, anger) and (b) anxiety and ES will 
both decrease across the lifespan. We also tested the interactions 
between age, anxiety, and ES, expecting that the relationship be‐
tween ES and anxiety would not be age dependent.

2  | METHOD

2.1 | Participants

Participants were 7,176 visitors to TestMyBrain.org who completed 
three ES tasks and the GAD‐7 (Spitzer, Kroenke, Williams, & Lowe, 
2006) between January 2018 and June 2018. TestMyBrain.org 
is an online testing tool where participants take part in research 
experiments to contribute to science and learn more about them‐
selves through immediate and personalized return of research re‐
sults. Participants provided electronic consent to be a part of the 
study. Study and informed consent procedures were reviewed by 
the Harvard Committee on the Use of Human Subjects. After com‐
pleting the task, participants were given feedback about their per‐
formance relative to other individuals who had completed the same 
measures.

Participants’ ages ranged from 10 to 96 years old, and the aver‐
age age was 30.13 (standard deviation [SD] = 14.83). Females com‐
prised the largest proportion of our sample (57.44%; male = 41.03%; 
missing = 1.0%; gender queer = 0.5%). The majority of participants 
self‐identified as Caucasian (64.3%) from English speaking countries. 
Highest completed education levels were: high school (24.20%), 
some college (22.77%), college (19.71%), and graduate school 
(17.25%).

http://TestMyBrain.org
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2.2 | Measures

2.2.1 | Belmont Emotion Sensitivity Test

We used the Belmont Emotion Sensitivity Test (BEST; see Rutter et 
al., 2019) to examine ES across the lifespan. The BEST was designed 
to eliminate response bias‐related confounds and allow us to match 
different emotion categories in terms of difficulty and reliability. 
Facial stimuli were drawn from the Karolinska Directed Emotional 
Faces database (Lundqvist, Flykt, & Öhman, 1998). Faces were mor‐
phed between any two of angry, happy, and fear, across a set of over 
two dozen identities, creating three morph continua per identity. 
Sensitivity to anger, happiness, and fear were assessed separately 
across three subtests. For each subtest, participants were shown 56 
pairs of faces, one pair at a time, with the two faces in a pair pre‐
sented on screen at the same time, for 1,000 ms. Participants were 
asked to indicate, “Which face is more happy?”, “Which face is more 
angry?”, or “Which face is more fearful?” to evaluate happiness ES, 
anger ES, and fear ES, respectively. Trials were ordered so that dif‐
ficulty increased across three blocks (easy = 8, medium = 20, and 
hard = 28) for each subtest. For anger, there was a 70% difference 
along each morph continuum for easy faces, a 40% difference for 
medium difficulty faces, and a 20% difference for hard faces. For 
fear, there was an 80% difference for easy faces, a 50% difference 
for medium difficulty faces, and a 30% difference for hard faces. For 
happiness, there was a 70% difference for easy faces, a 30% dif‐
ference for medium difficulty faces, and a 10% difference for hard 
faces. For example, for an easy anger trial with a 70% difference, one 
face might contain 90% of the anger face and 10% of the happy face 
(or 10% fear), while the other face might include 20% anger and 80% 
happiness (or 80% fear).

Participants were excluded from analyses if they had <50% accu‐
racy (chance performance) or had mean reaction times (RTs) <200 ms 
(suggesting non‐compliance with the task). After binning ages by 
year, we excluded ages that had fewer than 10 participants, which 
restricted our age range from 11 to 69. Thus, our final sample size 
consisted of 7,066 participants who completed all three tests and 
the GAD‐7, and were in an age bin with at least 10 participants. For 
all emotion categories (i.e. happiness, fear, anger), lower ES scores 
are indicative of poorer performance, or lower sensitivity in recog‐
nizing a particular emotion. Compared to other tests of emotion rec‐
ognition or ES, the BEST eliminates ceiling effects for happiness, and 
demonstrates high reliability (Rutter et al., 2019).

2.2.2 | Generalized Anxiety Disorder Questionnaire 
(GAD‐7; Spitzer et al., 2006)

The GAD‐7 is a 7‐item self‐report scale developed to assess the de‐
fining symptoms of GAD. Items are rated on a 4‐point Likert‐type 
scale (0 = “not at all” to 3 = “nearly every day”). Scores range from 
0 to 21 with higher scores representing more severe generalized 
anxiety symptoms. Research has suggested that the GAD‐7 is a valid 
screening tool for GAD in a primary care setting and in the general 

population (Lowe et al., 2008; Spitzer et al., 2006). Internal consist‐
ency of GAD‐7 scores, measured by Cronbach's alpha, in our sample 
was 0.89.

2.3 | Data analysis

Data were analyzed in R. Effect sizes are reported with 95% CIs. 
First, we examined bivariate correlations to confirm that ES and 
GAD‐7 both varied with age and sex. Next, we tested our specific 
hypotheses using linear regression. Last, we conducted follow‐up 
regression analysis to examine the interactions between variables. 
For each major analysis, we corrected for multiple comparisons 
(three emotion categories) using a conservative Bonferroni adjust‐
ment (p < 0.017 uncorrected). For clarity, all analyses are reported 
with uncorrected p‐values. Results were only considered statistically 
significant, however, if they survived correction for multiple com‐
parisons (p < 0.05 corrected). Results that survived correction are 
indicated, and interpretation of the findings are based on this.

3  | RESULTS

3.1 | Descriptive data

Anger: The average ES accuracy for anger was 0.85 (SD = 0.09). 
Average mean RT, median RT, and SD RT in milliseconds were 
1,226.35, 1,178.56, and 318.53, respectively. Happiness: The average 
ES accuracy for happiness was 0.84 (SD = 0.07). Average mean RT, 
median RT, and SD RT were 1,216.78, 1,169.57, and 347.40, respec‐
tively. Fear: The average ES accuracy for fear was 0.80 (SD = 0.11). 
Average mean RT, median RT, and SD RT were 1,468.56, 1,405.43, 
and 373.28, respectively. GAD‐7: The average GAD‐7 score in our 
sample was 7.89 (SD = 5.40, range = 0–21), which is consistent with 
mild GAD symptoms.

Based on Welch's t tests, accuracy scores significantly differed 
by category with anger accuracy significantly better than fear 
(t = 30.76, p < 0.001, d = 0.50) and happiness (t = 7.89, p < 0.001, 
d = 0.12), and happiness significantly better than fear (t = 26.24, 
p < 0.001, d = 0.43). Additionally, response speeds differed by emo‐
tion category, with fear slower than anger (t = 53.94, p < 0.001, 
d = 0.91) and happiness (t = 55.17, p < 0.001, d = 0.93), and a small, 
but nominally significant difference between anger and happiness 
(t = 2.25, p < 0.05, d = 0.04), with happiness faster than anger. 
However, only the relationship between fear and the other two emo‐
tions survived correction.

3.2 | Main effects of anxiety, age, and gender on ES

The relationship between GAD‐7 score and ES accuracy 
was significant for each emotion category based on a series 
of univariate linear regressions of GAD‐7 score on ES cat‐
egory (anger = R2 = 0.01, F (1, 7,064) = 65.95, p < 0.001; hap‐
piness = R2 = 0.002, F (1, 7,064) = 14.12, p < 0.001; fear = R2= 
0.005, F (1, 7,064) = 35.39, p < 0.001). Higher GAD scores 
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were associated with lower accuracy across categories, con‐
sistent with hypothesis 1 (Figure 1). Additionally, using linear 
regression, the relationship between GAD‐7 score and aver‐
age speed of performance was significant across most emotion 
categories (anger = R2 = 0.003, F (1, 7,064) = 21.90, p < 0.001; 
happiness = R2 = 0.004, F (1, 7,064) = 26.82, p < 0.001, with 
the exception of fear (p = 0.18)). Higher anxiety scores on the 
GAD‐7 were associated with significantly slower ES perfor‐
mance for anger and happiness. While effect sizes were small, 
this demonstrates that GAD‐7 related differences in accu‐
racy were not accounted for by speed accuracy trade‐offs. 
Controlling for sex and age, the relationship between GAD‐7 
scores and ES remained significant across emotion categories 
(anger β = −1.924e‐03, p < 0.001, fear β = −2.336e‐03, p < 0.001, 
happiness β = −8.038e‐04, p < 0.001).

We also looked at the linear and nonlinear (quadratic and cubic) 
effects of age on ES. The relationship between age and ES was sig‐
nificant for fear (R2 = 0.01, F (3, 7,062) = 21.61, p < 0.001), anger 
(R2 = 0.02, F (3, 7,062) = 59.33, p < 0.001), and happiness (R2 = 0.01, 
F (3, 7,062) = 12.79, p < 0.001). Though effects sizes were modest, 
these results suggest that older adults show decreased accuracy 
in recognizing fear, anger, and happiness, replicating results from 
Rutter et al. (2019) and consistent with Isaacowitz et al. (2007). 
Additionally, the relationship between age and GAD‐7 was signifi‐
cant (R2 = 0.05, F (1, 7,062) = 116.00, p < 0.001), indicating that older 
participants had lower GAD symptoms (see Figure 2).

We conducted ANOVA to compare ES performance by sex. 
There were no significant sex differences for happiness or anger in 
either ES accuracy or speed. However, for fear sensitivity, females 
were more accurate than males (F (1, 6,957) = 46.60, p < 0.001) and 
also faster, based on their mean RT (F (1, 6,957) = 15.35, p < 0.05). 
Females also had significantly higher GAD‐7 scores compared to 
males (F (1, 6,957) = 108.30, p < 0.001) (Figure 2).

3.3 | ES and GAD‐7 × age: interaction effects

The interaction between age and GAD‐7 score was not significant 
in predicting ES accuracy score for fear (p = 0.85) or happiness 
(p = 0.93); a small but nominally significant interaction effect was 

F I G U R E  1  The effect of GAD‐7 score on emotion sensitivity  
Note. For visualization purposes, data are plotted with loess curve fitting using ggplot, a method for smoothing using local polynomial 
regression, using a single data point (mean) for each GAD‐7 score. Emotion sensitivity scores are scaled and plotted with 0.5 standard 
deviations. GAD‐7 scores significantly predicted emotion sensitivity scores across categories (anger = R2 = 0.01, F (1, 7,064) = 65.95, p < 0.001; 
happiness = R2 = 0.002, F (1, 7,064) = 14.12, p < 0.001; fear = R2= 0.005, F (1, 7,064) = 35.39, p < 0.001). GAD, generalized anxiety disorder

F I G U R E  2  The effect of age and gender on GAD‐7 Score 
Note. For visualization purposes, data are plotted with loess curve 
fitting using ggplot, a method for smoothing using local polynomial 
regression, using a single data point (mean) for each age time point. 
GAD‐7 scores showed a significant decline across the lifespan for 
both genders (R2 = 0.05, F (1, 7,062) = 116.00, p < 0.001). Males and 
females showed significantly different GAD‐7 scores, with women 
reporting higher levels of anxiety (F (1, 6,957) = 108.30, p < 0.001). 
GAD, generalized anxiety disorder
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observed for anger (β = 4.886e‐07, p < 0.05), but did not survive the 
correction for multiple comparisons. This indicates that the relation‐
ship between GAD‐7 and ES did not significantly differ with age.

4  | DISCUSSION

The purpose of this study was to examine the effect of age, sex, 
and GAD symptoms on ES in a large, diverse sample. ES provides an 
objective measure of social cognition, which may play a role in social 
functioning. While the effect of age on emotional facial processing 
has been repeatedly examined (see Ruffman et al., 2008 for a meta‐
analysis), this is the first study to examine impact of anxiety symp‐
toms across the lifespan on ES. ES was measured using an approach 
that did not depend on emotion categorization and allowed us to 
look at sensitivity to fear, happiness, and anger separately, with emo‐
tion judgments unconfounded by differences in response bias. This 
allowed us to address conflicting findings of prior literature, through 
improved methodology.

Results showed that there was a significant relationship between 
GAD‐7 scores and ES across emotions such that higher anxiety was 
associated with less accurate performance. This relationship was not 
dependent on age, suggesting such an effect is comparable across 
the lifespan. Age was generally associated with decreased accuracy 
in ES across the lifespan as well as decreased anxiety symptoms. Our 
findings are in line with other studies showing that people with high 
trait‐anxiety show slower responding to angry faces (Fox, Calder, 
Mathews, & Yiend, 2007), and in slight contrast to more recent re‐
ports that individuals with GAD show enhanced detection of anger 
(Ashwin et al., 2012). Overall, our findings replicate some prior find‐
ings on ES, while contributing novel insights about the effect of anx‐
iety on ES at various stages of life.

Results also showed that males and females differed significantly 
in their ES performance for fear, but not for anger or happiness. 
Females showed significantly heightened fear sensitivity than males, 
although the effect size was small. These findings provide additional 
support to the existing literature on sex differences in emotion per‐
ception, with females generally showing an advantage over males 
according to a meta‐analytic review (McClure, 2000). Our finding 
of heightened fear sensitivity in women is consistent with a recent 
study showing larger responses in women to subthreshold fearful 
faces based on an event‐related potential design (Lee, Kim, Shim, & 
Lee, 2017). Gender differences in neural response, reflected in early 
processing stages for emotional faces, could also impact the out‐
come observed in this sample. However, a recent study examining 
sex differences in face recognition showed no significant differences 
between males and females in the magnitude of neural responses 
in any face‐processing region (Scherf, Elbich, & Motta‐Mena, 2017). 
Moreover, another new study demonstrated female advantage in 
reading facial expressions that was unaffected by expression inten‐
sity level or emotion category, indicating a general but not specific 
advantage (Wingenbach, Ashwin, & Brosnan, 2018). Of note, all 
three of these studies were conducted with relatively small samples 

sizes, limiting interpretation and generalizability. Our results suggest 
that a specific effect may exist, but such an effect is relatively small 
and future studies aiming to identify neural correlates with emotion 
processing related to gender may require larger samples.

One limitation of the study was our method of sampling. Our 
anxiety scores were drawn from the GAD‐7, a widely used measure 
of GAD symptoms, but self‐report measures should be interpreted 
with caution given the possibility of reporting bias and self‐selection 
effects. We did not conduct a clinician‐administered anxiety assess‐
ment. It is possible that participants with particularly high or low 
anxiety were drawn to doing this study. Selection of a truly random 
sample is difficult to achieve, and is a ubiquitous problem in the lit‐
erature. We used an entirely web‐based approach where the impact 
of self‐selection biases is not understood as well. Such approaches 
are being used more commonly to recruit larger and more diverse 
samples (Fortenbaugh et al., 2015; Halberda, Ly, Wilmer, Naiman, & 
Germine, 2012; Hartshorne & Germine, 2015; Soto, John, Gosling, & 
Potter, 2011); however, more work is needed to understand how to 
best benefit from web‐based sampling while accounting for biases 
related to a nonrandom sample. Finally, high comorbidity between 
anxiety and mood disorders is another facet that may influence ES 
performance. A recent study on recognition of facial expressions in 
adults with comorbid depression and anxiety (n = 14) compared to 
nonanxious depression (n = 14) demonstrated that diminished sensi‐
tivity to happy and sad expressions was specific to anxious depres‐
sion but not hypervigilance toward threatening facial expressions 
(Berg et al., 2016). In our sample, participants completed a GAD‐7 
but no measures of depression, limiting our analyses. Additionally, 
we did not assess medical comorbidities. Future studies should in‐
clude measures of depression in addition to anxiety to understand 
the impact of comorbid symptoms in large samples.

5  | CONCLUSION

In the largest study of its kind, anxiety symptoms were shown to 
be associated with impaired ES across three emotion categories and 
across the lifespan. Our results provide insight into the importance 
of considering the effect of anxiety, age, and sex independently and 
in relation to each other when examining social processes. The ef‐
fect of aging on ES should be explored in additional longitudinal 
studies with clinical and healthy populations. Future research should 
also examine the effect of an anxiety intervention on ES, and the 
effect of an ES intervention on anxiety. It is hypothesized that inter‐
ventions targeted at enhancing ES could reduce anxiety, but this has 
not been tested. Given the intact relationship between aging, ES, 
and anxiety, it is possible that this intervention would be generaliz‐
able across the lifespan.

ACKNOWLEDG MENTS

We would like to thank all TestMyBrain research participants for 
contributing to this study.



6 of 7  |     RUTTER et al.

CONFLIC T OF INTERE S TS

None declared.

ORCID

Lauren A. Rutter   https://orcid.org/0000-0002-8852-7602 

R E FE R E N C E S

Adolphs, R. (2002). Recognizing emotion from facial expres‐
sions: Psychological and neurological mechanisms. Behavioral 
and Cognitive Neuroscience Reviews, 1(1), 21–62. https://doi.
org/10.1177/1534582302001001003

Asendorpf, J. B., Conner, M., De Fruyt, F., De Houwer, J., Denissen, J. J. 
A., Fiedler, K., … Wicherts, J. M. (2013). Recommendations for in‐
creasing replicability in psychology. European Journal of Personality, 
27(2), 108–119. https://doi.org/10.1002/per.1919

Ashwin, C., Holas, P., Broadhurst, S., Kokoszka, A., Georgiou, G. A., & 
Fox, E. (2012). Enhanced anger superiority effect in generalized anx‐
iety disorder and panic disorder. Journal of Anxiety Disorders, 26(2), 
329–336. https://doi.org/10.1016/j.janxdis.2011.11.010

Attwood, A. S., Easey, K. E., Dalili, M. N., Skinner, A. L., Woods, A., Crick, 
L., … Munafò, M. R. (2017). State anxiety and emotional face recogni‐
tion in healthy volunteers. Royal Society Open Science, 4(5), 160855. 
https://doi.org/10.1098/rsos.160855

Beck, A. T. (1976). Cognitive therapy and the emotional disorders. Oxford, 
England: International Universities Press.

Berg, H. E., Ballard, E. D., Luckenbaugh, D. A., Nugent, A. C., Ionescu, D. 
F., & Zarate, C. A. (2016). Recognition of emotional facial expressions 
in anxious and nonanxious depression. Comprehensive Psychiatry, 70, 
1–8. https://doi.org/10.1016/j.comppsych.2016.06.007

Bradley, B. P., Mogg, K., White, J., Groom, C., & de Bono, J. (1999). 
Attentional bias for emotional faces in generalized anxiety disorder. 
The British Journal of Clinical Psychology, 38(Pt 3), 267–278. https://
doi.org/10.1348/014466599162845

Bui, E., Anderson, E., Goetter, E. M., Campbell, A., Fischer, L. E., Barrett, 
L. F., & Simon, N. M. (2017). Heightened sensitivity to emotional ex‐
pressions in generalized anxiety disorder, compared to social anxiety 
disorder, and controls. Cognition & Emotion, 31(1), 119–126. https://
doi.org/10.1080/02699931.2015.1087973

Cisler, J. M., Olatunji, B. O., Feldner, M. T., & Forsyth, J. P. (2010). Emotion 
regulation and the anxiety disorders: An integrative review. Journal of 
Psychopathology and Behavioral Assessment, 32(1), 68–82. https://doi.
org/10.1007/s10862-009-9161-1

Davis, M. H. (1983). Measuring individual differences in empa‐
thy: Evidence for a multidimensional approach. Journal of 
Personality and Social Psychology, 44(1), 113–126. https://doi.
org/10.1037/0022-3514.44.1.113

Demenescu, L. R., Kortekaas, R., den Boer, J. A., & Aleman, A. (2010). 
Impaired attribution of emotion to facial expressions in anxiety and 
major depression. PLoS One, 5(12), e15058. https://doi.org/10.1371/
journal.pone.0015058

Eysenck, M. W. (2013). Anxiety: The cognitive perspective. New York, NY: 
Psychology Press.

Fortenbaugh, F. C., DeGutis, J., Germine, L., Wilmer, J. B., Grosso, 
M., Russo, K., & Esterman, M. (2015). Sustained attention across 
the life span in a sample of 10,000: Dissociating ability and 
strategy. Psychological Science, 26(9), 1497–1510. https://doi.
org/10.1177/0956797615594896

Fox, E., Calder, A. J., Mathews, A., & Yiend, J. (2007). Anxiety and sensi‐
tivity to gaze direction in emotionally expressive faces. Emotion, 7(3), 
478–486. https://doi.org/10.1037/1528-3542.7.3.478

Germine, L., Nakayama, K., Duchaine, B. C., Chabris, C. F., Chatterjee, G., 
& Wilmer, J. B. (2012). Is the Web as good as the lab? Comparable 
performance from Web and lab in cognitive/perceptual experi‐
ments. Psychonomic Bulletin & Review, 19(5), 847–857. https://doi.
org/10.3758/s13423-012-0296-9

Halberda, J., Ly, R., Wilmner, J. B., Naiman, D. Q., & Germine, L. (2012). 
Number sense across the lifespan as revealed by a massive Internet-
based sample. Proceedings of the National Academy of Sciences of the 
United States of America, 109, 11116–11120. https://doi.org/10.1073/
pnas.1200196109

Hartshorne, J. K., & Germine, L. T. (2015). When does cognitive func‐
tioning peak? The asynchronous rise and fall of different cognitive 
abilities across the lifespan. Psychological Science, 26(4), 433–443. 
https://doi.org/10.1177/0956797614567339

Isaacowitz, D. M., Lockenhoff, C. E., Lane, R. D., Wright, R., Sechrest, 
L., Riedel, R., & Costa, P. T. (2007). Age differences in recognition 
of emotion in lexical stimuli and facial expressions. Psychology and 
Aging, 22(1), 147–159. https://doi.org/10.1037/0882-7974.22.1.147

Ko, B. C. (2018). A brief review of facial emotion recognition based on vi‐
sual information. Sensors (Basel), 18(2), 401. https://doi.org/10.3390/
s18020401

Lee, S. A., Kim, C. Y., Shim, M., & Lee, S. H. (2017). Gender differences in 
neural responses to perceptually invisible fearful face—an ERP study. 
Frontiers in Behavioral Neuroscience, 11, 6. https://doi.org/10.3389/
fnbeh.2017.00006

Leppänen, J. M. (2006). Emotional information processing in mood dis‐
orders: A review of behavioral and neuroimaging findings. Current 
Opinion in Psychiatry, 19(1), 34–39. https://doi.org/10.1097/01.
yco.0000191500.46411.00

Lowe, B., Decker, O., Muller, S., Brahler, E., Schellberg, D., Herzog, W., 
& Herzberg, P. Y. (2008). Validation and standardization of the 
Generalized Anxiety Disorder Screener (GAD‐7) in the general 
population. Medical Care, 46(3), 266–274. https://doi.org/10.1097/
MLR.0b013e318160d093

Lundqvist, D., Flykt, A., & Öhman, A. (1998). The Karolinska Directed Emotional 
Faces – KDEF, CD ROM from Department of Clinical Neuroscience, 
Psychology section, Karolinska Institutet. ISBN 91‐630‐7164‐9.

MacLeod, C., Mathews, A., & Tata, P. (1986). Attentional bias in emo‐
tional disorders. Journal of Abnormal Psychology, 95, 15–20. https://
doi.org/10.1037/0021-843X.95.1.15

Macmillan, N. A., & Creelman, C. D. (2004). Detection theory: A user's guide 
(2nd ed.). Mahwah, NJ: Lawrence Erlbaum Associates Publishers.

Mathews, A., & Mackintosh, B. (1998). A cognitive model of selective 
processing in anxiety. Cognitive Therapy and Research, 22(6), 539–
560. https://doi.org/10.1023/A:1018738019346

McClure, E. B. (2000). A meta‐analytic review of sex differences in fa‐
cial expression processing and their development in infants, children, 
and adolescents. Psychological Bulletin, 126(3), 424–453. https://doi.
org/10.1037/0033-2909.126.3.424

Meyerson, P., & Tryon, W. W. (2003). Validating Internet research: A test 
of the psychometric equivalence of Internet and in‐person samples. 
Behavior Research Methods, Instruments, & Computers, 35(4), 614–
620. https://doi.org/10.3758/bf03195541

Mogg, K., Millar, N., & Bradley, B. (2000). Biases in eye movements to 
threatening facial expressions in generalized anxiety disorder and 
depressive disorder. Journal of Abnormal Psychology, 109, 695–704. 
https://doi.org/10.1037//0021-843X.109.4.695

Mueser, K. T., Doonan, R., Penn, D. L., Blanchard, J. J., Bellack, A. S., 
Nishith, P., & DeLeon, J. (1996). Emotion recognition and social com‐
petence in chronic schizophrenia. Journal of Abnormal Psychology, 
105(2), 271–275. https://doi.org/10.1037/0021-843X.105.2.271

Olderbak, S., Wilhelm, O., Hildebrandt, A., & Quoidbach, J. (2018). Sex 
differences in facial emotion perception ability across the lifespan. 
Cognition & Emotion, 1–10. https://doi.org/10.1080/02699931.2018. 
1454403

https://orcid.org/0000-0002-8852-7602
https://orcid.org/0000-0002-8852-7602
https://doi.org/10.1177/1534582302001001003
https://doi.org/10.1177/1534582302001001003
https://doi.org/10.1002/per.1919
https://doi.org/10.1016/j.janxdis.2011.11.010
https://doi.org/10.1098/rsos.160855
https://doi.org/10.1016/j.comppsych.2016.06.007
https://doi.org/10.1348/014466599162845
https://doi.org/10.1348/014466599162845
https://doi.org/10.1080/02699931.2015.1087973
https://doi.org/10.1080/02699931.2015.1087973
https://doi.org/10.1007/s10862-009-9161-1
https://doi.org/10.1007/s10862-009-9161-1
https://doi.org/10.1037/0022-3514.44.1.113
https://doi.org/10.1037/0022-3514.44.1.113
https://doi.org/10.1371/journal.pone.0015058
https://doi.org/10.1371/journal.pone.0015058
https://doi.org/10.1177/0956797615594896
https://doi.org/10.1177/0956797615594896
https://doi.org/10.1037/1528-3542.7.3.478
https://doi.org/10.3758/s13423-012-0296-9
https://doi.org/10.3758/s13423-012-0296-9
https://doi.org/10.1073/pnas.1200196109
https://doi.org/10.1073/pnas.1200196109
https://doi.org/10.1177/0956797614567339
https://doi.org/10.1037/0882-7974.22.1.147
https://doi.org/10.3390/s18020401
https://doi.org/10.3390/s18020401
https://doi.org/10.3389/fnbeh.2017.00006
https://doi.org/10.3389/fnbeh.2017.00006
https://doi.org/10.1097/01.yco.0000191500.46411.00
https://doi.org/10.1097/01.yco.0000191500.46411.00
https://doi.org/10.1097/MLR.0b013e318160d093
https://doi.org/10.1097/MLR.0b013e318160d093
https://doi.org/10.1037/0021-843X.95.1.15
https://doi.org/10.1037/0021-843X.95.1.15
https://doi.org/10.1023/A:1018738019346
https://doi.org/10.1037/0033-2909.126.3.424
https://doi.org/10.1037/0033-2909.126.3.424
https://doi.org/10.3758/bf03195541
https://doi.org/10.1037//0021-843X.109.4.695
https://doi.org/10.1037/0021-843X.105.2.271
https://doi.org/10.1080/02699931.2018.1454403
https://doi.org/10.1080/02699931.2018.1454403


     |  7 of 7RUTTER et al.

Phillips, M. L., Drevets, W. C., Rauch, S. L., & Lane, R. (2003). Neurobiology 
of emotion perception I: The neural basis of normal emotion percep‐
tion. Biological Psychiatry, 54(5), 504–514. https://doi.org/10.1016/
S0006-3223(03)00168-9

Plana, I., Lavoie, M. A., Battaglia, M., & Achim, A. M. (2014). A meta‐
analysis and scoping review of social cognition performance in 
social phobia, posttraumatic stress disorder and other anxiety dis‐
orders. Journal of Anxiety Disorders, 28(2), 169–177. https://doi.
org/10.1016/j.janxdis.2013.09.005

Ruffman, T., Henry, J. D., Livingstone, V., & Phillips, L. H. (2008). 
A meta‐analytic review of emotion recognition and aging: 
Implications for neuropsychological models of aging. Neuroscience 
& Biobehavioral Reviews, 32(4), 863–881. https://doi.org/10.1016/j.
neubiorev.2008.01.001

Rutter, L. A., Dodell‐Feder, D., Vahia, I. V., Forester, B. P., Ressler, K. J., 
Wilmer, J. B., & Germine, L. (2019). Emotion sensitivity across the 
lifespan: Mapping clinical risk periods to sensitivity to facial emotion 
intensity. Journal of Experimental Psychology: General. https://doi.
org/10.1037/xge0000559

Scherf, K. S., Elbich, D. B., & Motta‐Mena, N. V. (2017). Investigating 
the influence of biological sex on the behavioral and neural 
basis of face recognition. eNeuro, 4(3. https://doi.org/10.1523/
eneuro.0104-17.2017

Spitzer, R. L., Kroenke, K., Williams, J. B., & Lowe, B. (2006). A brief mea‐
sure for assessing generalized anxiety disorder: The GAD‐7. Archives 
of Internal Medicine, 166(10), 1092–1097. https://doi.org/10.1001/
archinte.166.10.1092

Soto, C. J., John, O. P., Gosling, S. D., & Potter, J. (2011). Age differences 
in personality traits from 10 to 65: Big Five domains and facets in 

a large cross-sectional sample. Journal of Personality and Social 
Psychology, 100(2), 330–348. https://doi.org/10.1037/a0021717

Surcinelli, P., Codispoti, M., Montebarocci, O., Rossi, N., & Baldaro, 
B. (2006). Facial emotion recognition in trait anxiety. Journal 
of Anxiety Disorders, 20(1), 110–117. https://doi.org/10.1016/j.
janxdis.2004.11.010

Vrijen, C., Hartman, C. A., Lodder, G. M. A., Verhagen, M., de Jonge, P., 
& Oldehinkel, A. J. (2016). Lower sensitivity to happy and angry fa‐
cial emotions in young adults with psychiatric problems. Frontiers in 
Psychology, 7, 1797. https://doi.org/10.3389/fpsyg.2016.01797

Wingenbach, T. S. H., Ashwin, C., & Brosnan, M. (2018). Sex differences 
in facial emotion recognition across varying expression intensity lev‐
els from videos. PLoS One, 13(1), e0190634. https://doi.org/10.1371/
journal.pone.0190634

Zhuang, N., Zeng, Y., Yang, K., Zhang, C., Tong, L., & Yan, B. (2018). 
Investigating patterns for self‐induced emotion recognition from 
EEG signals. Sensors (Basel), 18(3), 841. https://doi.org/10.3390/
s18030841

How to cite this article: Rutter LA, Scheuer L, Vahia IV, 
Forester BP, Smoller JW, Germine L. Emotion sensitivity and 
self‐reported symptoms of generalized anxiety disorder across 
the lifespan: A population‐based sample approach. Brain Behav. 
2019;9:e01282. https://doi.org/10.1002/brb3.1282

https://doi.org/10.1016/S0006-3223(03)00168-9
https://doi.org/10.1016/S0006-3223(03)00168-9
https://doi.org/10.1016/j.janxdis.2013.09.005
https://doi.org/10.1016/j.janxdis.2013.09.005
https://doi.org/10.1016/j.neubiorev.2008.01.001
https://doi.org/10.1016/j.neubiorev.2008.01.001
https://doi.org/10.1037/xge0000559
https://doi.org/10.1037/xge0000559
https://doi.org/10.1523/eneuro.0104-17.2017
https://doi.org/10.1523/eneuro.0104-17.2017
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1037/a0021717
https://doi.org/10.1016/j.janxdis.2004.11.010
https://doi.org/10.1016/j.janxdis.2004.11.010
https://doi.org/10.3389/fpsyg.2016.01797
https://doi.org/10.1371/journal.pone.0190634
https://doi.org/10.1371/journal.pone.0190634
https://doi.org/10.3390/s18030841
https://doi.org/10.3390/s18030841
https://doi.org/10.1002/brb3.1282

