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Abstract

Background—Social cognition indicates the cognitive processes involved in perceiving, 

interpreting, and processing social information. Although it is one of the six core DSM-5 cognitive 

domains for diagnosing neurocognitive disorders, it is not routinely assessed in older adults. The 
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Reading the Mind in the Eyes Test assesses Theory of Mind, the social cognition mechanism 

which forms the root of empathy.

Objectives—To describe the distribution of, and factors associated with, scores on a 10-item 

version of Reading the Mind in the Eyes Test [RMET-10] in older adults.

Design—Population-based cross-sectional study.

Setting—Small-town communities in Pennsylvania.

Participants—Adults aged 66 to 105 years (N=902, mean age=76.6).

Measurements—The assessment included RMET-10, demographics, cognitive screening, 

literacy, depression symptoms, anxiety symptoms, cognitive composites derived from a 

neuropsychological test battery, Social Norms Questionnaire, and Clinical Dementia Rating 

[CDR].

Results—RMET-10 score was normally distributed in our overall study sample. Normative 

RMET-10 scores among those rated as CDR=0 were calculated by age, sex, and education. 

RMET-10 score was significantly higher with younger age, higher education, white race, higher 

cognitive screening scores, literacy, social norms scores, higher scores in all five domains in 

cognitive composites, and lower CDR. RMET-10 score was also significantly higher with fewer 

depression and anxiety symptoms after adjusting for demographics.

Conclusions—The Reading the Mind in the Eyes Test is a potentially useful measure of social 

cognition for use in the research assessment of older adults. With appropriate calibration it should 

also have utility in the clinical setting.
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INTRODUCTION

Social cognition indicates the cognitive processes involved in perceiving, interpreting, and 

processing social information. It integrates perceived social cues with acquired social 

knowledge and higher-order reasoning to infer the cognitive and emotional status of others, 

resulting in empathy and ‘Theory of Mind (TOM).’ Social cognition allows individuals to 

respond to social information appropriately, which is critical to maintain interpersonal 

relationships, participate in social interactions, and function within society. (1, 2)

Impairment in social cognition can be found in nearly all brain disorders. It is especially 

recognized in both neurodevelopmental and neurodegenerative disorders with frontal lobe 

dysfunction, such as autism and frontotemporal dementia, and, increasingly, in other 

neurocognitive disorders. (3–7) Most studies in social cognition have focused on these 

disorders; less is known about the integrity of social cognition in normal aging. (2, 4)

However, unlike other cognitive domains, social cognition is not routinely measured in 

geriatric evaluations. While a number of objective assessment tools are available to index 
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social cognition, little information is available regarding the performance and utility of those 

tests in older adults. Further, some social cognition tests that measure social judgment and 

behavior, such as the Social Norms Questionnaire and the Test of Practical Judgment, are 

difficult to validate across generational and national/ethnic subgroups because perceptions of 

normative or appropriate social behavior are heavily based on prevailing culture. (8, 9)

The Reading the Mind in the Eyes Test [RMET] (10) is a popular measure of individual 

differences in TOM, the most representative mechanism of social cognition, which refers to 

“cognitive empathy,” i.e., the ability to discern the mental states of others. In this 

assessment, participants are presented with images of only the eye regions of single 

individuals and are asked to choose which of four words best describes each target’s mental 

state. The relevance of this cognitive function in everyday life has been brought into sharp 

focus by the global SARS-CoV-2 (COVID-19) pandemic. Near-universal mask-wearing is 

requiring individuals to ascertain the emotional states and responses of others by looking 

only at their eyes.

The RMET has been widely used and is one of few TOM tests that have been validated in 

older adults. (11) Another strength of the test is various abbreviated versions are available 

(11, 12); brevity is particularly important in the clinical assessment of older patients as well 

as in large population-based studies, where assessment fatigue is a concern.

The present study aims a) to describe the distribution of the RMET scores in a representative 

population sample of older adults using an abbreviated 10-item version of the RMET 

[RMET-10], b) to describe population-based norms on the RMET-10, and c) to examine the 

associations of RMET-10 scores with age, sex, race/ethnicity, education, literacy, a cognitive 

screen, clinical dementia rating, individual domains in cognitive composites derived from a 

neuropsychiatric battery, anxiety and depression screens, and a test of social norms 

recognition.

METHODS

Participants

Participants were from the Monongahela-Youghiogheny Healthy Aging Team (MYHAT) 

study which is focused on the epidemiology of mild cognitive impairment and dementia. 

The MYHAT cohort was accrued by age-stratified random selection from the voter 

registration list an economically distressed, post-industrial region of southwestern 

Pennsylvania, USA. Participants were initially enrolled in the original MYHAT cohort 

between 2006–2008 if they met the eligibility criteria of being 65 years and older, lived 

within select geographically defined areas, and resided independently in the community at 

the time of recruitment. Individuals were excluded if they met the above criteria but were too 

ill to participate, had vision or hearing impairment severe enough to preclude 

neuropsychological testing, or had decisional incapacity. (13, 14) Of 2036 individuals who 

qualified, the full evaluation described below was administered to 1982 without substantial 

cognitive impairment, defined as age-education corrected Mini Mental State Exam (15, 16) 

scores ≥ 21. A new sub-cohort of 709 participants meeting the same criteria, aged of 65–74 

during 2016–2019, was enrolled to replenish the original cohort; of these, 703 underwent the 
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full assessment. All participants were invited to undergo annual reassessment, which took 

place in overlapping data collection cycles.

RMET-10 (10, 12) was added to the MYHAT protocol for all participants in 2017 when the 

new sub- cohort was beginning its second assessment cycle. Thus, different participants 

were in different annual cycles when they first completed the RMET-10. All procedures 

were approved by the University of Pittsburgh Institutional Review Board, and all 

participants provided written informed consent.

RMET-10 is an abbreviated version of the full RMET, an advanced test of TOM, originally 

developed in children with autism, later revised for adults, with shorter versions validated in 

different populations. (10, 12) The test stimuli consist of 10 grey-scale photos of people that 

were originally taken from magazines. The photos were cropped and rescaled so that only 

the area around the eyes is visible. Each photo is surrounded by four words each describing 

a state of mind, one of which has been predetermined to correctly represent the emotion of 

the individual in the photo. The participant is asked to select, within 20 seconds, the word 

which best describes what the person in the photo is thinking or feeling. During pilot testing, 

we identified five words provided on the test (despondent, contemplative, tentative, 

imploring, pensive) with which our participants were unfamiliar. For these five words, we 

found substitutes in the RMET glossary(10) and/or thesaurus (hopeless, reflective, cautious, 

pleading, thoughtful).

Relevant to this report, the annual MYHAT assessment also included the following items:

Demographics: age, sex, race (white/ non-white), level of education

Cognitive screen: Mini-Mental State Examination [MMSE](15)

Literacy: Wechsler Test of Adult Reading [WTAR] (17)

Depression symptoms: modified Center for Epidemiological Studies- Depression scale 

[mCES- D] (18, 19)

Anxiety symptoms: Generalized Anxiety Disorder brief scale [GAD-7] (20)

Cognitive Composites: composite scores derived for the domains of attention, memory, 

language, visuospatial function, and executive function, derived from our 

neuropsychological test battery. (21) A composite score for each domain was calculated for 

each participant as the average of z- transformed tests in domain. (14)

Social Norms: Social Norms Questionnaire [SNQ-22], (22) measuring a different aspect of 

social cognition, a test which asks individuals about the appropriateness of specific 

behaviors in hypothetical scenarios, errors being related either to breaking with norms or to 

over-adhering to perceived norms.

Dementia Rating: Clinical Dementia Rating [CDR®] Staging Instrument, (23) as previously 

detailed.(14) On the CDR, ratings of 0, 0.5, and >1 indicate normal cognition, mild cognitive 

impairment or very mild dementia, and at least mild dementia.
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Statistical Analyses.—To visually examine the distribution of scores on RMET-10, we 

plotted scores on the test among the whole cohort (N=902) and those with CDR scores of 0 

(N=756). To generate norms on the test we calculated the mean (SD), median (50th %ile), 

and 5th %ile RMET scores by age, sex, and educational level (less than or equal to high 

school [HS] graduate, more than HS graduate) among those with CDR=0. For comparison, 

we calculated the same values among those with CDR=0.5. We also calculated the Kuder-

Richardson coefficient of internal consistency on RMET-10. (24)

In the entire sample, we then calculated mean scores on the RMET among the subgroups 

determined by each of the following variables: age (65–74, 75–84, ≥85), sex (men, women), 

education (<HS, HS, >HS), race (white, non-white), MMSE (≤17, 18–23, 24–27, ≥28), 

WTAR (≤99, 100–108, 109–117, ≥118), SNQ22 (≤19, 20, 21, 22), GAD-7 (0, 1–5, 6–18, 

≥11), mCES-D (0, 1–4, ≥5), and CDR (0, 0.5, ≥1). We modeled RMET-10 score as a 

continuous variable on each of these above-mentioned covariates and cognitive composites 

domain scores, first in simple linear regression (unadjusted) models and then in multiple 

linear regression models adjusting for age, sex, and education.

RESULTS

A total of 902 older adults were administered RMET-10. Their ages ranged from 66 to 105 

years, with a mean (SD) age of 76.6 (8.06) years; 62.4% were women; 38.9% had high 

school or less education; 61% had more than high school education; and 93.7% were of 

European descent.

The RMET-10 scores were roughly normally distributed in our overall study sample [Figure 

1.A] with a range of 0–10, a median score of 7, and a mean (SD) score of 6.5 (1.9), and also 

among those with CDR=0 [Fig 1.B], with range 0–10, median 7 and mean (SD) 6.64 (1.8).

Normative RMET-10 scores among those with CDR=0, and, for comparison, scores among 

those with CDR=0.5, are shown as mean (SD), median, and 5th %ile scores by age, sex, and 

education [Table 1].

Mean (SD) RMET-10 scores were calculated for each of the categories in age, sex, 

education, race, MMSE, WTAR, SNQ-22, GAD-7, mCES-D, and CDR [Table 2]. 

Distribution of RMET-10 scores were statistically significantly different between categories 

of age, education, race, MMSE, WTAR, and CDR. The Kuder-Richardson coefficient for the 

RMET-10 was 0.449, which is not unexpected for a short scale where the emphasis is on 

brevity and content validity.(25)

In unadjusted linear regression models, the RMET-10 score was estimated to be significantly 

higher among those with younger age, higher education, white race, lower CDR, higher 

MMSE, WTAR, SNQ-22 scores, and higher cognitive scores in all five domains. [Table 2] 

Women performed significantly better than men only in the age group 65–74 years, with 

mean (SD) scores of 7.18 (1.79) vs. 6.72 (1.66), by two-sample t-test, 2.6385, df= 428, 

P=0.009.
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In multivariable regression models adjusted for age, sex, and education, all the above 

associations remained statistically significant. RMET-10 score was also significantly higher 

in those with fewer anxiety and depression symptoms after adjusting for demographics. 

[Table 2]

DISCUSSION

Social cognition is a relatively under-investigated area in geriatric psychiatry despite its 

being listed in the fifth edition of Diagnostic and Statistical Manual of Mental Disorders 

(DSM-5) (26) as one of the cognitive domains to be assessed in the diagnosis of 

neurocognitive disorders. Measurement of social cognition would complement conventional 

approaches to the study of cognitive aging, and shine a light on the deficits underlying 

behaviors like disinhibition and loss of empathy that are major sources of distress for 

patients and families. An effective tool to assess social cognition could also be key to early 

detection of neurocognitive disorders in subgroups of patients where memory loss is not the 

first deficit to appear. However, before a measure can be used effectively for diagnosis, it 

should be evaluated in the appropriate populations, so that effects of normal aging can be 

described and distinguished from disease effects. Using a large, population-based sample of 

older adults, we described the distribution of a 10-item version of the RMET in relation to 

demographics, measures of other cognitive functions, depression and anxiety, and awareness 

of social norms.

We found that RMET performance was negatively associated with age in this cross-sectional 

analysis, in line with existing evidence from the literature that overall social cognition, 

including TOM ability, declines with aging. (27–29) Several previous studies focused on the 

aging effect on the RMET also reported a decline of the RMET performance with aging. 

(30–32) While those studies compared older versus younger adult participants, we were able 

to show that RMET is negatively associated with greater age even within an older cohort. 

Continued follow-up of the MYHAT cohort will determine whether we observe further 

decline in RMET scores over time.

A previous study compared older and younger groups on their performance on 3 social 

cognition tasks involved in “mentalizing,” while recording their brain activity on fMRI. It 

showed poor performance and a decrease in neural activation in the dorsomedial prefrontal 

cortex in older adults, suggesting that social cognitive deficits involve specific regions of the 

default network and are associated with aging. (33) Another study that examined the 

difference in brain activity in younger and older participants completing the RMET reported 

no difference in RMET scores between young and old groups. However, the two groups had 

different patterns of brain activity; both groups activated structures in the default mode 

network, but older adults showed more bilateral activation of frontal areas and stronger 

involvement of the linguistic components of the mirror neuron system, suggesting functional 

compensation among successfully aging older individuals with preserved TOM ability. (34, 

35)

Age-related decline of TOM ability is prominent in neurocognitive disorders, such as MCI 

and dementia due to Alzheimer’s Disease, frontotemporal lobar degeneration, Lewy Body 
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disease, and vascular cognitive impairment.(3–7, 36) The significant negative associations 

between RMET and CDR, MMSE, WTAR, education and all cognitive domain scores 

observed here reflect strong relevance to cognitive status and abilities. TOM is a highly 

complicated mental process that is not restricted to circumscribed brain regions or circuits 

that represent specific functions. (37) It might be viewed as an independent function from 

general cognition in aging, but more evidence indicates that some characteristics of social 

cognition are reliant on other cognitive functions i.e. processing speed, executive function, 

and working memory. (27, 35) Therefore, aging in social cognition should be assessed in the 

context of other relevant cognitive functions that are also vulnerable to aging. Longitudinal 

studies will provide critical information regarding how RMET scores may decline along 

with cognitive status; whether RMET effectively screens cases of pathologic 

neurodegenerative or cerebrovascular processes in early stages; and whether RMET predicts 

the trajectory of cognitive decline.

It has been previously described that depression is related to poor TOM ability including on 

RMET performance. (38) In our multiple regression models, RMET performance was worse 

with depressive symptoms as expected, and as well as with anxiety symptoms. While this 

association with GAD rating appears to diverge from a study reporting better TOM 

performance associated with worry among individuals with GAD, worry and anxiety are not 

the same. (39) Depression and anxiety in some but not all older adults may represent 

underlying neurodegeneration. (13, 40, 41)

The previously reported association between sex and the RMET performance (i.e. female 

superiority)(10) was not evident in our study except in the age group 65–74 years. Sex 

differences were also absent in a previous study among adults with autism. (42)

Also, a significant correlation with race was found in our study. A potential explanation is 

the so-called Other-Race Effect, which has been described in multiple kinds of literature; 

people consistently display worse recognition memory for other-race faces compared to 

same-race faces. (43, 44) A more recent study found evidence for both behavioral and neural 

differences in same-versus other-race mentalizing. (45) Thus, the RMET should be used 

judiciously in diverse populations. Adapted versions of the RMET test consisting of faces 

from different races and ethnic groups (i.e. Black RMET (46)) may generate different 

results.

Our group previously reported the distribution of SNQ-22 in the population-based cohort 

from the MYHAT study. The RMET score was significantly associated with the SNQ-22, 

although the two tests examine different components of social cognition. Potentially, a 

composite of the two measures might serve as a broader representation of social cognition in 

future studies.

It is increasingly recognized that social cognition is impaired in mild and major 

neurocognitive disorders due to neurodegenerative conditions such as Alzheimer’s disease 

and Lewy Body disease, as well as vascular cognitive impairment.(3–7, 26, 36) As the 

world’s population ages and the prevalence of neurocognitive disorders rises accordingly, 

early diagnosis is important to provide better support for these patients. Our population-
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based norms on the RMET could prove useful to clinicians and other researchers in 

calibrating the scale for their own patients and study participants. Using the scale as a 

continuous measure, clinicians can assess their patients’ social cognition bearing in mind 

that test scores will be influenced by age, sex, race, and education, as well as by anxiety and 

depression. To identify appropriate screening cutoff scores in a given population or setting, 

the test should be normed and calibrated in that population or setting.

Our study cohort was relatively large, providing sufficient statistical power, and population-

based, minimizing selection bias. All data were obtained directly from participants; we had 

no access to their medical records or neuroimaging data. As only 6% of our cohort was not 

of European descent, our findings should be replicated in other cohorts with greater minority 

representation. As with any vision-dependent test, the RMET is not suitable for 

administration to individuals with severely impaired vision. This was a cross-sectional study 

and thus no inferences may be drawn regarding the directions of the associations; 

prospective follow-up of the cohort will allow us to determine whether RMET scores, alone 

or in combination with SNQ22 scores, predict the incidence of various neurocognitive 

disorders.

Acknowledgments

The work reported here was supported in part by grant # R01AG023651 from the National Institute on Aging, NIH, 
US DHHS.

REFERENCES

1. Shany-Ur T,Rankin KP: Cognition, Social, in Encyclopedia of the Neurological Sciences (Second 
Edition). Edited by Aminoff MJ,Daroff RB. Oxford, Academic Press, 2014, pp 814–817

2. Henry JD, von Hippel W, Molenberghs P, et al.: Clinical assessment of social cognitive function in 
neurological disorders. Nature Reviews Neurology 2016; 12:28–39 [PubMed: 26670297] 

3. Poletti M, Enrici I,Adenzato M: Cognitive and affective Theory of Mind in neurodegenerative 
diseases: neuropsychological, neuroanatomical and neurochemical levels. Neuroscience and 
biobehavioral reviews 2012; 36:2147–2164 [PubMed: 22819986] 

4. Kemp J, Després O, Sellal F, et al.: Theory of Mind in normal ageing and neurodegenerative 
pathologies. Ageing Res Rev 2012; 11:199–219 [PubMed: 22186031] 

5. Heitz C, Noblet V, Phillipps C, et al.: Cognitive and affective theory of mind in dementia with Lewy 
bodies and Alzheimer’s disease. Alzheimers Res Ther 2016; 8:10 [PubMed: 26979460] 

6. Ma J, Zhang Y,Guo Q: Comparison of vascular cognitive impairment--no dementia by multiple 
classification methods. Int J Neurosci 2015; 125:823–830 [PubMed: 25295621] 

7. Kynast J, Lampe L, Luck T, et al.: White matter hyperintensities associated with small vessel 
disease impair social cognition beside attention and memory. J Cereb Blood Flow Metab 2018; 
38:996–1009 [PubMed: 28685621] 

8. Heinrichs N, Rapee RM, Alden LA, et al.: Cultural differences in perceived social norms and social 
anxiety. Behaviour research and therapy 2006; 44:1187–1197 [PubMed: 16325145] 

9. Ganguli M, Sun Z, McDade E, et al.: That’s Inappropriate! Social Norms in an Older Population-
based Cohort. Alzheimer disease and associated disorders 2018; 32:150–155 [PubMed: 29140857] 

10. Baron-Cohen S, Wheelwright S, Hill J, et al.: The “Reading the Mind in the Eyes” Test Revised 
Version: A Study with Normal Adults, and Adults with Asperger Syndrome or High-functioning 
Autism. Journal of Child Psychology and Psychiatry 2001; 42:241–251 [PubMed: 11280420] 

11. Chander RJ, Grainger SA, Crawford JD, et al.: Development of a short-form version of the 
Reading the Mind in the Eyes Test for assessing theory of mind in older adults. International 
journal of geriatric psychiatry 2020; 35:1322–1330 [PubMed: 32584445] 

Lee et al. Page 8

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



12. Olderbak S, Wilhelm O, Olaru G, et al.: A psychometric analysis of the reading the mind in the 
eyes test: toward a brief form for research and applied settings. Front Psychol 2015; 6:1503 
[PubMed: 26500578] 

13. Ganguli M, Snitz B, Vander Bilt J, et al.: How much do depressive symptoms affect cognition at 
the population level? The Monongahela-Youghiogheny Healthy Aging Team (MYHAT) study. 
International journal of geriatric psychiatry 2009; 24:1277–1284 [PubMed: 19340894] 

14. Ganguli M, Chang CC, Snitz BE, et al.: Prevalence of mild cognitive impairment by multiple 
classifications: The Monongahela-Youghiogheny Healthy Aging Team (MYHAT) project. Am J 
Geriatr Psychiatry 2010; 18:674–683 [PubMed: 20220597] 

15. Folstein MF, Folstein SE,McHugh PR: “Mini-mental state”. A practical method for grading the 
cognitive state of patients for the clinician. J Psychiatr Res 1975; 12:189–198 [PubMed: 1202204] 

16. Mungas D, Marshall SC, Weldon M, et al.: Age and education correction of Mini-Mental State 
Examination for English and Spanish-speaking elderly. Neurology 1996; 46:700–706 [PubMed: 
8618670] 

17. Bondon-Guitton E, Perez-Lloret S, Bagheri H, et al.: Drug-induced parkinsonism: a review of 17 
years’ experience in a regional pharmacovigilance center in France. Mov Disord 2011; 26:2226–
2231 [PubMed: 21674626] 

18. Radloff LS: The CES-D Scale:A Self-Report Depression Scale for Research in the General 
Population. Applied Psychological Measurement 1977; 1:385–401

19. Ganguli M, Gilby J, Seaberg E, et al.: Depressive Symptoms and Associated Factors in a Rural 
Elderly Population: The MoVIES Project. The American Journal of Geriatric Psychiatry 1995; 
3:144–160 [PubMed: 28531017] 

20. Spitzer RL, Kroenke K, Williams JB, et al.: A brief measure for assessing generalized anxiety 
disorder: the GAD-7. Archives of internal medicine 2006; 166:1092–1097 [PubMed: 16717171] 

21. Ganguli M, Bilt JV, Lee CW, et al.: Cognitive test performance predicts change in functional status 
at the population level: the MYHAT Project. J Int Neuropsychol Soc 2010; 16:761–770 [PubMed: 
20609270] 

22. Kramer JH, Mungas D, Possin KL, et al.: NIH EXAMINER: conceptualization and development of 
an executive function battery. Journal of the International Neuropsychological Society : JINS 
2014; 20:11–19 [PubMed: 24103232] 

23. Morris JC: The Clinical Dementia Rating (CDR): current version and scoring rules. Neurology 
1993; 43:2412–2414

24. Kuder GF,Richardson MW: The theory of the estimation of test reliability. Psychometrika 1937; 
2:151–160

25. Ziegler M, Kemper CJ,Kruyen P: Short scales – Five misunderstandings and ways to overcome 
them. Journal of Individual Differences 2014; 35:185–189

26. Diagnostic and Statistical Manual of Mental Disorders - DSM-5™, 5th ed, Arlington, VA, US, 
American Psychiatric Publishing, Inc., 2013

27. Duval C, Piolino P, Bejanin A, et al.: Age effects on different components of theory of mind. 
Conscious Cogn 2011; 20:627–642 [PubMed: 21111637] 

28. Phillips LH, Bull R, Allen R, et al.: Lifespan aging and belief reasoning: Influences of executive 
function and social cue decoding. Cognition 2011; 120:236–247 [PubMed: 21624567] 

29. Henry JD, Phillips LH, Ruffman T, et al.: A meta-analytic review of age differences in theory of 
mind. Psychology and aging 2013; 28:826–839 [PubMed: 23276217] 

30. Bailey PE, Henry JD,Von Hippel W: Empathy and social functioning in late adulthood. Aging & 
mental health 2008; 12:499–503 [PubMed: 18791898] 

31. Phillips LH, MacLean RDJ,Allen R: Age and the Understanding of Emotions: Neuropsychological 
and Sociocognitive Perspectives. The Journals of Gerontology: Series B 2002; 57:P526–P530

32. Slessor G, Phillips LH,Bull R: Exploring the specificity of age-related differences in theory of 
mind tasks. Psychology and aging 2007; 22:639–643 [PubMed: 17874961] 

33. Moran JM, Jolly E,Mitchell JP: Social-Cognitive Deficits in Normal Aging. The Journal of 
Neuroscience 2012; 32:5553–5561 [PubMed: 22514317] 

Lee et al. Page 9

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



34. Castelli I, Baglio F, Blasi V, et al.: Effects of aging on mindreading ability through the eyes: an 
fMRI study. Neuropsychologia 2010; 48:2586–2594 [PubMed: 20457166] 

35. Moran JM: Lifespan development: the effects of typical aging on theory of mind. Behav Brain Res 
2013; 237:32–40 [PubMed: 23000532] 

36. Henry JD, Phillips LH,von Hippel C: A meta-analytic review of theory of mind difficulties in 
behavioural-variant frontotemporal dementia. Neuropsychologia 2014; 56:53–62 [PubMed: 
24412701] 

37. Frith CD,Frith U: Mechanisms of social cognition. Annu Rev Psychol 2012; 63:287–313 [PubMed: 
21838544] 

38. Richman MJ,Unoka Z: Mental state decoding impairment in major depression and borderline 
personality disorder: Meta-analysis. British Journal of Psychiatry 2015; 207:483–489

39. Zainal NH,Newman MG: Worry amplifies theory-of-mind reasoning for negatively valenced social 
stimuli in generalized anxiety disorder. Journal of affective disorders 2018; 227:824–833 
[PubMed: 29254067] 

40. Lyketsos CG, Lopez O, Jones B, et al.: Prevalence of neuropsychiatric symptoms in dementia and 
mild cognitive impairment: results from the cardiovascular health study. Jama 2002; 288:1475–
1483 [PubMed: 12243634] 

41. Gatchel JR: Late-Life Neuropsychiatric Symptoms: Windows Into Cognitive Decline? Am J 
Geriatr Psychiatry 2020; 28:72–74 [PubMed: 31526547] 

42. Baron-Cohen S, Bowen DC, Holt RJ, et al.: The “Reading the Mind in the Eyes” Test: Complete 
Absence of Typical Sex Difference in ~400 Men and Women with Autism. PloS one 2015; 
10:e0136521 [PubMed: 26313946] 

43. Barkowitz P,Brigham JC: Recognition of Faces: Own-Race Bias, Incentive, and Time Delay1. 
Journal of Applied Social Psychology 1982; 12:255–268

44. Lindsay DS, Jack PC,Christian MA: Other-race face perception. Journal of Applied Psychology 
1991; 76:587–589

45. Reginald B Adams J, Rule NO, Robert G. Franklin J, et al.: Cross-cultural Reading the Mind in the 
Eyes: An fMRI Investigation. Journal of Cognitive Neuroscience 2010; 22:97–108 [PubMed: 
19199419] 

46. Handley G, Kubota JT, Li T, et al.: Black “Reading the Mind in the Eyes” task: The development 
of a task assessing mentalizing from black faces. PloS one 2019; 14:e0221867 [PubMed: 
31536498] 

Lee et al. Page 10

Am J Geriatr Psychiatry. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



HIGHLIGHTS

What is the primary question addressed by this study?

The distribution in older adults of scores on the 10-item version of Reading the Mind in 

the Eyes Test of social cognition (Theory of Mind).

What is the main finding of this study?

The test score is normally distributed and associated with age, education, race, cognitive 

screening scores, literacy, dementia rating, depression symptoms, anxiety symptoms, 

cognitive function measured by neuropsychiatric battery, and awareness of social norms 

measured by Social Norms Questionnaire.

What is the meaning of the finding?

The Reading the Mind in the Eyes Test is a potentially useful measure of social cognition 

for use in the research assessment of cognitive decline and dementia. With appropriate 

calibration it should have utility in the clinical setting.
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Figure 1. 
A. RMET-10 scores of overall study sample (N=902) were roughly normally distributed. 

The median score was 7, and the mean (SD) score was 6.5 (1.9). B. RMET-10 scores among 

those rated as CDR=0 (N=756), who are free of dementia, were also roughly normally 

distributed. The median was 7, and the mean (SD) was 6.644 (1.844).
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Table 1.

Reading the Mind in the Eyes Test (RMET) scores among MYHAT study participants free of dementia

Age in years Gender Education Level N Mean score SD Median score (50th %ile) 5th %ile score

Clinical Dementia Rating = 0 (Norms)
N=756

65–74

Male
≤ HS 45 6.49 1.87 7 3

> HS 115 6.94 1.46 7 4

Female
≤ HS 62 7.21 1.82 7 4.05

> HS 153 7.24 1.71 8 4

75–84

Male
≤ HS 26 6.23 1.63 6 4

> HS 60 6.38 1.87 6.5 3

Female
≤ HS 81 6.38 1.82 7 4

> HS 92 6.85 1.71 7 4

85+

Male
≤ HS 15 5.13 1.73 5 3.1

> HS 25 5.64 2.18 5 2.2

Female
≤ HS 48 5.81 1.93 6 3

> HS 34 5.59 2.18 5 2

Clinical Dementia Rating = 0.5 N=134

65–74

Male
≤ HS 7 5.43 2.7 6 1.9

> HS 13 6.46 1.61 7 4

Female
≤ HS 17 6.71 2.17 7 3.8

> HS 16 7.12 2.09 7.5 4.25

75–84

Male
≤ HS 9 6 2.18 6 3

> HS 7 7.43 1.9 8 5

Female
≤ HS 14 5.07 1.86 5 2

> HS 9 6.22 2.11 7 3.4

85+

Male
≤ HS 4 5 1.83 5 3.15

> HS 10 5.2 1.87 5 3

Female
≤ HS 15 4.73 1.67 5 2

> HS 3 5.77 1.3 6 4

HS = High school graduate, SD = standard deviation, %ile = percentile
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Table 2.

Factors associated with RMET scores (N = 902)

Participant Characteristics N (%) RMET Score 
Mean (SD)

Multiple linear regression models of RMET score
#

Unadjusted
Adjusted for 

Demographics*

Coeff (CI) P Coeff (CI) P

Age

65–74 430 (47.7) 6.99 (1.75)
−0.73 (−0.88, 

−0.57) <0.001

Multiple Values**

75–84 298 (33.0) 6.46 (1.83)

85+ 174 (19.3) 5.45 (1.94)

Sex

Male 339 (37.6) 6.39 (1.83) Ref.

0.115
Female 563 (62.4) 6.60 (1.94) 0.21 (−0.05, 

0.46)

Education
≤ HS 351 (38.9) 6.22 (1.96) Ref

<0.001
> HS 551 (61.1) 6.71 (1.84) 0.49 (0.24, 0.75)

Race
Non-White 57 (6.32) 5.60 (2.21) Ref

<0.001 1.12 (0.64, 1.60) <0.001
White 845 (93.68) 6.58 (1.86) 0.98 (0.48, 1.49)

Clinical Dementia Rating 
(CDR)

0 756 (83.8) 6.64 (1.84) Ref.

0.5 134 (14.9) 5.98 (2.04) −0.67 (−1.01, 
−0.32) <0.001 −0.41 (−0.74, 

−0.07) 0.017

≥ 1 12 (1.3) 4.58 (1.83) −2.06 (−3.13, 
−0.99) <0.001 −1.30 (−2.34, 

−0.26) 0.015

Mini-Mental State Exam 
(MMSE)

≤ 17 5 (0.6) 5.20 (0.84)

0.21 (0.16, 0.27) <0.001 0.16 (0.11, 0.21) <0.001
18–23 53 (5.9) 5.55 (2.33)

24–27 287 (31.8) 6.07 (1.90)

≥ 28 557 (61.8) 6.85 (1.78)

Weschler Test of Adult 
Reading (WTAR)

≤ 99 255 (28.6) 5.69 (1.84)

0.05 (0.04, 0.06) <0.001 0.05 (0.04, 0.06) <0.001
100–108 209 (23.5) 6.59 (1.81)

109–117 241 (27.0) 6.77 (1.78)

≥ 118 186 (20.9) 7.35 (1.74)

Social Norms Questionnaire 
(SNQ-22)

≤ 19 304 (34.5) 6.34 (1.93)

0.13 (0.06, 0.21) 0.001 0.10 (0.03, 0.18) 0.007
20 246 (28.0) 6.66 (1.73)

21 209 (23.8) 6.70 (2.00)

22 121 (13.8) 6.52 (1.85)

Generalized Anxiety 
Disorder scale (GAD-7)

0 361 (48.0) 6.53 (1.89)

−0.04 (−0.08, 
0.00) 0.081 −0.05 (−0.09, 

−0.01) 0.013
1–5 290 (38.6) 6.64 (1.89)

6–10 74 (9.8) 6.41 (2.01)

≥ 11 27 (3.6) 5.81 (1.66)

Modified Center for 
Epidemiologic Studies - 

Depression Scale (mCES-D)

0 605 (67.5) 6.62 (1.89)
−0.04 (−0.09, 

0.02) 0.172 −0.07 (−0.12, 
−0.02) 0.0081–4 220 (24.6) 6.36 (1.92)

≥ 5 71 (7.9) 6.18 (1.82)

Attention Domain Score N/A 0.58 (0.44, 0.73) <0.001 0.40 (0.25, 0.55) <0.001
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Participant Characteristics N (%) RMET Score 
Mean (SD)

Multiple linear regression models of RMET score
#

Unadjusted
Adjusted for 

Demographics*

Coeff (CI) P Coeff (CI) P

Executive Domain Score 0.96 (0.81, 1.11) <0.001 0.78 (0.62, 0.94) <0.001

Language Domain Score 1.02 (0.86, 1.17) <0.001 0.83 (0.65, 1.01) <0.001

Memory Domain Score 0.50 (0.38, 0.63) <0.001 0.37 (0.25, 0.49) <0.001

Visuospatial Domain Score 0.60 (0.46, 0.73) <0.001 0.50 (0.37, 0.64) <0.001

Coeff: coefficient; CI: 95% confidence interval

The p-values are derived from t test, and the df = N - # of tests, where N is the total sample size of each variables (N varies as some variables have 
missingness). The Bonferroni-corrected alpha level is 0.05/16 =0.003.

#:
In the multiple linear regression model, age, MMSE, WTAR, SNQ-22, GAD-7, and mCES-D are in their continuous format.

Columns5–6

*:
The adjusted model is in the form of RMET~Age+Sex+Education+Covariate (participant characteristic). The base model only contains 

demographics; each covariate was added to the base model separately in a separate model.

**
The coefficients for demographics in the adjusted models are not shown in the table since there is one coefficient for each demographic in each 

model.
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