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Abstract
Objectives:  Detecting subtle behavioral changes in everyday life as early signs of cognitive decline and impairment is im-
portant for effective early intervention against Alzheimer’s disease. This study examined whether features of daily social 
interactions captured by ecological momentary assessments could serve as more sensitive behavioral markers to distinguish 
older adults with mild cognitive impairment (MCI) from those without MCI, as compared to conventional global measures 
of social relationships.
Method:  Participants were 311 community-dwelling older adults (aged 70–90 years) who reported their social interactions 
and socializing activities 5 times daily for 14 consecutive days using smartphones.
Results:  Compared to those with normal cognitive function, older adults classified as MCI reported less frequent total and 
positive social interactions and less frequent in-person socializing activities on a daily basis. Older adults with and without 
MCI, however, did not show differences in most features of social relationships assessed by conventional global measures.
Discussion:  These results suggest that certain features of daily social interactions (quality and quantity) could serve as sen-
sitive and ecologically valid behavioral markers to facilitate the detection of MCI.

Keyword:  Behavioral markers, Cognitive decline, Ecological momentary assessments, Social activities, Socializing
  

As the population of the United States ages, Alzheimer’s 
disease (AD) is rapidly growing to be one of the most ex-
pensive health conditions (Alzheimer’s Association, 2019). 
Detecting early signs of the transition from normal cogni-
tive aging to mild cognitive impairment (MCI)—a phase 
that often precedes the onset of AD (Dubois et al., 2016; 
Petersen, 2004)—is critical for effective early intervention 
and treatment against AD. Detecting early signs of MCI 

using clinic-based tests or biomarkers is expensive and/or 
invasive and unlikely to be practical in large-scale popula-
tion screening (Kourtis et al., 2019). Recent research sug-
gests that behavioral disruptions or impairment resulting 
from the underlying neurobiological changes can precede 
AD diagnosis by years and are commonly seen in individ-
uals with MCI as early markers of impaired cognitive func-
tion (Creese et al., 2019; Jost & Grossberg, 1996; Kourtis 
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et  al., 2019). The development of mobile and wearable 
technologies (e.g., smartphones, tablets, smartwatches) 
provide opportunities to better identify behavioral changes 
in daily life, including social interactions and socializing, as 
a more cost-effective and sensitive tool to detect the transi-
tion from normal cognitive aging to MCI (Dodge, Mattek 
et al., 2015; Kourtis et al., 2019). The goal of the current 
study was to use an ecological momentary assessment 
(EMA) approach and smartphones to better capture pat-
terns of daily social interactions associated with cognitive 
decline, and identify specific features of daily social inter-
actions that could serve as ecologically valid and sensitive 
behavioral markers to distinguish older adults classified as 
MCI from those without MCI. The EMA approach typi-
cally has individuals report on their current behaviors and 
experiences several times a day for a given number of days 
in their natural environments, thereby enabling an accurate 
characterization of individuals’ daily social experiences in 
real-world contexts (Shiffman et  al., 2008; Smyth et  al., 
2017).

Social interaction is a central feature of daily life and 
involves a variety of cognitive functions and resources. 
Having a successful social interaction is cognitively de-
manding, requiring an individual to maintain topics of 
conversation in one’s memory; pay attention and adapt to 
others’ perspectives; infer others’ expectations, thoughts, 
and emotions; and inhibit irrelevant or inappropriate be-
havior during the interaction (Maki et  al., 2020; Ybarra 
& Winkielman, 2012; Ybarra et al., 2008). Impaired cog-
nitive function may make it difficult for older adults to 
identify social cues required for smooth interactions and 
conversations, leading to a withdrawal from socializing. 
Diminished cognitive function could also make it chal-
lenging to perform and enjoy social interactions due to in-
dividuals’ declining confidence in their ability to carry on a 
successful interaction. It has been shown that compared to 
those with intact cognition, older adults with MCI demon-
strated a speaking pattern during one-on-one conversations 
which reflects subtle difficulties with semantic fluency and 
the executive and self-monitoring aspects of conversations 
(Dodge, Mattek et al., 2015). In addition, among individ-
uals with mild-to-moderate AD, those who are more aware 
of increasing word-finding failures reported less frequency 
and enjoyment of social leisure activities than those with 
less awareness (Farrell et al., 2014). Therefore, changes in 
everyday social interactions may be behavioral manifest-
ations of early cognitive decline and could serve as sensitive 
markers to detect MCI.

Despite the growing interest in the identification of be-
havioral markers of cognitive decline, little research has 
examined how impaired cognition manifests in day-to-
day social interactions. Past research has mostly relied 
on global, retrospective measures on social relationships. 
These global measures assess people’s general impressions 
or global beliefs about their social relationships (e.g., “How 
much does your family really care about you?”), or their 

recollection of behaviors or experiences over lengthy time 
periods (e.g., “In the past 12 months, how often did you 
get together socially with friends or relatives?” Kelly et al., 
2017; Kuiper et al., 2015). The accuracy of global measures 
may be hampered by recall biases, especially for individuals 
with impaired cognitive function (e.g., Boyle et al., 2010; 
James et al., 2011). Furthermore, global measures are often 
administrated infrequently (e.g., at a single time point), and 
cannot sensitively capture the moment-to-moment changes 
in individuals’ everyday social interactions and socializing 
activities. Finally, global measures may provide useful in-
formation on individuals’ overall social relationships and 
connectedness, which may not match their everyday so-
cial interactions or activities. There is a growing number 
of studies using EMAs to examine daily life experiences 
among older adults, including daily activities (Bielak et al., 
2017), social and emotional experiences (Pauly et  al., 
2017), and physical health (Zhaoyang et al., 2019). A re-
cent study also found evidence to support the general fea-
sibility of using smartphone-based EMAs to study daily 
experiences in older adults with MCI (Bartels et al., 2020). 
To date, however, no prior studies have used EMAs to ex-
amine how impaired cognition would manifest in older 
adults’ everyday social experiences, and which specific fea-
tures of daily social interactions and socializing could sensi-
tively distinguish older adults with and without MCI.

The Present Study
The current study aimed to characterize the daily social 
life of older adults and examine which features of daily 
social interactions and socializing activities could differen-
tiate older adults with and without MCI. Specifically, we 
examined multiple indicators of important features of daily 
social interactions and socializing (i.e., quantity/frequency, 
quality, and diversity of partner types) that have been 
linked with cognitive function and health in later life (Ali 
et al., 2018; Zhaoyang et al., 2019). These features of social 
interactions and socializing were assessed using EMAs at 
near real time, in naturalistic environments of older adults, 
thereby providing a more holistic and accurate picture of 
their everyday social life. According to past research, im-
paired cognitive function may make it difficult for older 
adults to engage in and have satisfying social interactions 
(Dodge, Mattek et  al., 2015; Farrell et  al., 2014), espe-
cially with a variety of different partners (Ali et al., 2018). 
Therefore, we expect that older adults with MCI would 
have less frequent and less positive daily social interactions 
compared with those with intact cognition; those with MCI 
would also have less diversity in their social interaction 
partners (i.e., having social interactions with fewer types of 
interaction partners).

Older adults’ social relationships were also assessed 
by conventional global measures in this study and we 
conducted exploratory analysis to examine whether 
older adults with and without MCI also demonstrated 

2� Journals of Gerontology: PSYCHOLOGICAL SCIENCES, 2024, Vol. 79, No. 4

Copyedited by: NI



differences in similar features of social relationships 
(quantity, quality, and diversity). This analysis seeks to 
explore whether daily social interactions assessed by 
EMAs were more sensitive to distinguish between MCI 
and normal cognition than social relationships assessed 
by global measures.

Method

Participants

Data were drawn from the EMA data collection as part 
of the ongoing Einstein Aging Study (EAS), collected 
between May 2017 and February 2020. Participants in 
EAS were recruited via systematic random sampling from 
Medicare and New York City Registered Voter Lists for 
Bronx County. Introductory letters were mailed to poten-
tial participants with valid addresses and phone numbers. 
Follow-up phone screens were conducted to determine 
eligibility (i.e., English-speaking community-residing in-
dividuals who are ambulatory and aged ≥70 years) and 
to enroll those who agreed to participate. Exclusion cri-
teria included having significant hearing or vision loss; 
current substance abuse and severe psychiatric symptoms 
that may interfere with testing; alcohol or substance 
abuse; chronic medicinal use of opioids or glucocortic-
oids or treatment for cancer within the last 12 months; 
or being non-English speaking, institutionalized, or 
nonambulatory. Participants who were diagnosed with 
dementia using DSM-IV criteria (American Psychiatric 
Association, 1994) were not included in this study. The 
final sample included 311 older adults (see Table 1 for 
sample demographic information).

Procedure

Following the initial phone-screening assessment, eligible 
participants completed the consent process and were in-
vited to attend a visit to the research clinic. During this 
visit, they completed questionnaires to assess demographic 
and psychosocial characteristics, the Uniform Data Set 
neuropsychological battery to assess cognitive function 
(Weintraub et  al., 2018), and 1.5  hr of training on the 
study protocol and use of study smartphones. The day 
after the training, the participants began a 2-day practice 
session of EMA followed by a 14-day formal EMA ses-
sion using the study smartphones that were programmed 
for this study (with scheduled surveys and disabled other 
phone functions). The EMA protocol (both practice and 
formal sessions) involved a self-initiated wake-up survey, 
a self-initiated end-of-day survey, and four quasi-randomly 
beeped surveys each day using study smartphones. The in-
terval between beeped surveys was approximately 3.5 hr; 
beep times varied across days of the week but were pro-
grammed according to participants’ self-reported wake-up 
schedules. After the EMA session, participants returned the 
study smartphones during the post-EMA clinic visit and the 
data were downloaded from the smartphones. Participants 
completing all aspects of data collection (i.e., clinic visit 
and EMA session) received $160 as compensation.

This study used data from baseline cognitive status, 
demographics and global measures on social relationships, 
and the EMAs (beeps and end-of-day) on daily social 
interactions collected via smartphones. The 311 partici-
pants provided 14,506 beep surveys and 3,498 end-of-
day surveys over the 14-day period of the formal EMA 
session. On average, participants completed 13.65  days 
of EMAs (SD = 1.34; range = 3–14 days), 82.92% of all 

Table 1.  Sample Descriptive Information

MCI group (N = 100) Non-MCI group (N = 211) Difference test (MCI vs non-MCI)

 Mean (SD) Mean (SD) t/χ 2 test

Sex (male) 33.00% 32.57% 0.00
Age (years) 77.79 (4.90) 76.58 (4.80) −2.05*
Race/ethnicity    
  White 34.00% 50.71% 7.64**
  Black 48.00% 36.49% 3.74
  Hispanic White 10.00% 9.95% 0.00
  Hispanic Black 5.00% 1.90% 2.33
  Asian 2.00% 0.95% 0.59
  Other 1.00% 0  
Education (years) 14.20 (3.66) 15.35(3.46) 2.62**
Employment (yes) 5.00% 10.43% 2.52
Income 2.38 (0.71) 2.51 (0.65) 1.60
Married (yes) 29.00% 36.49% 1.70
Live alone (yes) 56.00% 52.13% 0.41

Notes: MCI = mild cognitive impairment. Means or percentages are presented outside of the parenthesis and SDs are inside of the parenthesis. Chi-squared test was 
used for categorical variables; t test was used for continuous variables. Income was coded as 1 = <$15,000; 2 = between $15,001 and $30,000; and 3 = >$30,000.
*p < .05. **p < .01.
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assigned beep surveys, and 79.58% of all assigned end-
of-day surveys. Participants without MCI had significantly 
higher compliance rates on beep surveys (Ms  =  85.03% 
vs 78.46%, t  =  2.92, p  =  .004) and end-of-day surveys 
(Ms = 83.89% vs 70.50%, t = 3.78, p = .000) than did par-
ticipants with MCI. Missing data analyses revealed that 
the compliance rates of beep and end-of-day surveys were 
not significantly associated with any demographic vari-
ables except for education: more years of education were 
associated with higher compliance rates (γ = 0.12, p = .037 
for beep surveys and γ  =  0.28, p < .000 for end-of-day 
surveys).

Measures

Ecological momentary assessments on daily social 
interactions
Multiple indicators of social interactions and socializing 
features were measured by EMAs five times each day. 
Descriptive information on key study variables are pre-
sented in Table 2.

Daily social interactions.—The quantity, quality, and 
partner diversity of daily social interactions were assessed 
at beep and end-of-day surveys in the same way.

1.	 Quantity: At each survey, participants were asked 
whether they had any social interactions (defined as 
talking or spending time with someone in person, by 
phone/computer or by texting) since the last survey (i.e., 

in the past 3–4 hr). The answer “yes” to this question 
across five surveys within each day were summed up to 
indicate the frequency of assessed social interactions per 
day (range: 0–5).

2.	 Quality: If participants responded having any social 
interactions, they were then asked to select whether 
their most recent social interaction was “pleasant,” 
“unpleasant,” “neutral,” or “both pleasant and un-
pleasant.” The sum of reported “pleasant” and “un-
pleasant” social interactions from five surveys each day 
were used to indicate the frequency of captured pos-
itive and negative social interactions per day respec-
tively (range: 0–5).

3.	 Diversity of partners: If participants responded having 
any social interactions, they were also asked to select 
the partner(s) involved in the most recent social interac-
tion from a list including spouse/partner, children, other 
family members, friends, neighbors, acquaintances, 
strangers, and others. The count of all selected different 
types of partners across five surveys within each day were 
used as the index of diversity of social interaction part-
ners each day (range: 1–8). In addition, a person-level di-
versity index across all reported social interactions over 
14 days was calculated using Shannon’s (1948) entropy 
index (Shannon, 1948; Zhaoyang et al., 2018).

In-person and online socializing.—At beep and end-of-day 
surveys, participants were asked what activities have they 
done since the last survey (i.e., in the past 3–4 hr). Participants 

Table 2.  Descriptive Information on Key Study Variables

MCI group 
(N = 100)

Non-MCI  
group 
(N = 211) 1 2 3 4 5 6

 Mean (SD) Mean (SD) Correlationsb

Momentary assessments on daily social interactionsa

1. Any daily social interactions 3.00 (1.15) 3.37 (1.08)  —  .79***  .08 .28*** .53*** .21**
2. Positive daily social interactions 2.59 (1.18) 2.94 (1.07)  .81***  — −.22** .10 .40*** .25***
3. Negative daily social interactions 0.03 (0.09) 0.03 (0.10) −.13 −.22*  — .09 .09 −.06
4. Diversity of daily interactions partners 0.66 (0.17) 0.68 (0.15) −.05 −.20 −.10  — .29*** .14*
5. Daily in-person socializing 1.29 (1.12) 1.66 (1.08)  .61***  .52*** −.07 .08  — .24***
6. Daily online socializing 0.48 (0.97) 0.58 (0.91)  .11  .05  .05 .10 .16  —
Global measures on social relationships
1. Number of close social relationships 12.13 (7.40) 12.24 (6.88)  —  .30***  .19** −.04 .23***  
2. Contact frequency with social partners 3.73 (0.70) 3.87 (0.64) .41***  —  .15*  .19** .07  
3. Social support 3.88 (0.92) 4.04 (0.85) .16  .23*  —  .00 .38***  
4. Social strain 1.63 (0.54) 1.54 (0.47) .16  .20* −.08  — .11  
5. Diversity of social relationships 3.00 (0.74) 3.08 (0.77) .14 −.05  .24*** −.02  —  

Notes: MCI = mild cognitive impairment. Range for scales: [0–5] for any daily social interactions, positive daily social interactions, negative social interactions, 
daily in-person socializing, and daily online socializing; [0–1] for diversity of daily interactions partners; [1–6] for contact freq. with social partners; [1–5] for social 
support; [1–4] for social strain; [0–4] for diversity of social relationships.
aMomentary assessments were aggregated at the person level. bCorrelations for MCI group were displayed below the diagonal (lower triangular matrix) and cor-
relations for non-MCI group were displayed above the diagonal.
*p < .05. **p < .01. ***p < .001.
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could select all activities that they had done from a list in-
cluding in-person socializing, social media use (e.g., Facebook), 
chores, self-care, watching TV, physical activity, and other ac-
tivities. The sum of in-person socializing and social media use 
(e.g., Facebook) reported in five surveys within each day was 
used to indicate the frequency of reported in-person and on-
line socializing per day, respectively (range: 0–5).

Global measures on social relationships 
Features of social relationships were assessed using conven-
tional global measures at baseline before the EMA session.

Quantity of social relationships.—The number of close so-
cial relationships and the overall contact frequency with re-
lationship partners were used as indicators of the quantity 
of social relationships.

1.	 Number of close social relationships was assessed by 
four questions (Schuster et  al., 1990; Turner et  al., 
1983). One question asked how close the participant’s 
relationship with the spouse or partner is, and was re-
coded to indicate whether the spouse relationship was 
close (coded as 1) or not (coded as 0). Three questions 
were asked about number of close relationships with 
children, family members, and friends, respectively 
(e.g., how many of your children would you say you 
have a close relationship with?). Numbers of close re-
lationships with spouse, children, family members, 
and friends were summed as the indicator of the total 
number of close relationships.

2.	 Contact frequency with social partners was measured 
by nine questions assessing the extent to which parti-
cipants are in contact with children, other family, and 
friends via different channels separately (i.e., in-person, 
speak on the phone, write or e-mail): on average, how 
often do you meet up [speak on the phone/write to 
or e-mail] with your children [other family/friends]? 
(1 = less than once a year or never to 6 = three or more 
times a week). A mean score of answers to these nine 
questions was created to indicate the overall contact 
frequency with social relationship partners.

Quality of social relationships.—The social support and 
social strain were assessed as the positive and negative indi-
cators of the quality of social relationships.

1.	 Social support was assessed by 12 questions from 
Patient-Reported Outcomes Measurement Information 
System scales on emotional, instrumental, and informa-
tional support (Hahn et al., 2014). An example item is: 
I have someone who will listen to me when I need to 
talk (1 = never to 5 = always). A mean score of answers 
to 12 questions was created to indicate the overall levels 
of social support.

2.	 Social strain was assessed by 16 questions adopted 
from the National Social Life, Health, and Aging 

Project (Cornwell et al., 2009). Four similar questions 
were asked about spouse/partner, children, other family 
members, and friends, respectively. An example item is: 
how often does your spouse [children/family member/
friends] criticize you? (1 = never to 4 = often). A mean 
score of answers to 16 questions was created to indicate 
the overall levels of social strain.

Diversity of social relationships.—Four questions were 
asked about whether participants have (a) a spouse or 
cohabitating partner, (b) any living children, (c) any other 
immediate family, or (d) any friends (1  =  yes, 0  =  no; 
Schuster et  al., 1990; Turner et  al., 1983). A  sum score 
of the “yes” responses to four questions was used as an 
index of the diversity or composition of social relationships 
(range: 0–4).

MCI criteria
MCI status of each participant was determined algo-
rithmically using Jak/Bondi criteria (Bondi et al., 2014; 
Jak et al., 2009). The neuropsychological tests included 
measures from five cognitive domains with 10 neuropsy-
chological instruments. These included (a) Memory: free 
recall from the Free and Cued Selective Reminding Test 
(Buschke, 1984) and Benson Complex Figure (Delayed) 
(Possin et al., 2011); (b) Executive function: Trail Making 
Test Part B (Reitan, 1958) and Phonemic Verbal Fluency 
(Tombaugh et al., 1999); (c) Attention: Trail Making Test 
Part A (Reitan, 1958) and Digit Span (Wechsler, 1987); 
(d) Language: Multilingual Naming Test (Ivanova et al., 
2013) and Category Fluency (Monsch et al., 1992); and 
(e) Visual–spatial: Benson Immediate Recall (Possin 
et al., 2011) and WAIS III Block Design (Wechsler, 1987). 
The following actuarial criteria of MCI were used: (a) 
had impaired scores (defined as >1 SD below the age-, 
sex- and education-adjusted normative mean) on both 
measures within at least one cognitive domain; or (b) 
had one impaired score (defined as >1 SD below the 
age-, sex-, and education-adjusted normative mean) in 
three (out of five) cognitive domains; or (c) having func-
tional decline assessed by the Instrumental Activities of 
Daily Living Scale (Lawton & Brody, 1969). If a partic-
ipant met these criteria, the participant was classified as 
MCI; otherwise, the participant was considered to have 
normal cognition.

Covariates.—The following demographic and social con-
text variables were assessed by questionnaires at baseline 
and included as covariates in all analyses: age (in years), sex 
(male =1, female = 0), race/ethnicity (1 = White, 2 = Black, 
3  =  Hispanic White, 4  =  Hispanic Black, 5  =  Asian, 
6 = other), education (years in school), employment (1= cur-
rently employed, 0 = not employed), living status (1 = living 
alone, 0 = not living alone), and marital status (1 = married, 
0 = not married).
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Data Analysis

Multilevel Poisson and logistic models were used to ex-
amine whether participants with and without MCI dif-
fered in features of daily social interactions. The data from 
EMAs were structured hierarchically, with momentary as-
sessments aggregated at the day level (Level 1) which then 
nested within person (Level 2). Thus, daily social inter-
actions could vary across days and across persons. All 
analyses for count outcomes (i.e., frequencies of any and 
positive daily social interactions, frequency of in-person 
and online socializing, and types of diverse partners) were 
conducted using SAS (version 9.4) PROC GLIMMIX with 
Poisson distribution and the logit link function. Due to the 
high percentage of value “0” (97.63%) on the frequency of 
daily negative social interactions and the nonconvergence 
issue of the Poisson models for this outcome, a binary var-
iable was created to indicate whether any negative social 
interactions were reported each day (1 = yes, 0 = no) and 
multilevel logistic models were used for this outcome. We 
first examined whether daily social interactions varied with 
MCI status in a series of random-intercept models in which 
MCI status (1 = MCI, 0 = normal cognition) was included 
as the only person-level independent variable (Model 1, 
Table 3) and each indicator of social interactions as the 
dependent variable. Covariates were then added into each 
model to test the unique effect of MCI status on daily social 
interactions beyond the demographics and social context 
variables (Model 2, Table 3).

Following similar steps, general linear models were used 
to examine whether participants with and without MCI dif-
fered in features of social relationships assessed by global 
measures. A series of general linear models were conducted 
to examine the effects of MCI status on each of the indica-
tors of social relationship features (quantity, quality, diver-
sity), with and without covariates (Model 1 and 2, Table 
4). Given that our sample is diverse in terms of sex and 
race/ethnicity, exploratory analyses were also conducted to 
test whether the associations between MCI status and any 
features of daily social interactions or social relationship 
varied across sex or race/ethnicity.

Results

Descriptive Information

Older adults in our sample reported having social inter-
actions on 3.26 out of five momentary assessments 
collected each day on average (SD = 1.12), including inter-
actions in person, by phone/computer, or by texting. They 
also reported having in-person and online socializing on 
1.54 (SD  =  1.11) and 0.55 (SD  =  0.93) out of five mo-
mentary assessments per day, on average. Among all rated 
social interaction episodes (N  =  13,883), 84.38% were 
rated as pleasant, 0.81% as unpleasant, 10.79% as neu-
tral, and 4.02% as both pleasant and unpleasant. It is 
worth noting that at the day level, 97.63% of all reported Ta
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days (N = 4,038) did not have any unpleasant social inter-
actions. In fact, the majority of the older adults in our 
sample (80.58%) did not report any unpleasant or negative 
social interactions across 14-day study period.

In terms of social interaction partners, more than half of 
social interaction occasions (55.47%) involved more than 
one type of partner. On average, participants interacted 
with two different types of partners every day. Most of 
these social interaction occasions involved family members 
or friends (88.37%). At the person level, participants re-
ported 0.67 (SD = 0.15) mean scores for the entropy index 
of partner diversity, with “0” indicating all interactions 
were with a single type of partner and “1” indicating inter-
actions spread evenly across all types of partners.

Regarding the features of social relationships assessed 
by global measures at baseline, older adults reported 
having three types of social relationships on average 
(out of four available types: spouse, children, family, and 
friends). They also reported having close relationships 
with 12.20 (SD  =  7.04, range: 1–45) partners including 
spouse, children, other family, or friends. On average, they 
contacted their social relationship partners about once or 
twice a month, and reported high levels of social support 
(M = 3.99 on a 5-point scale) and low levels of social strain 
(M = 1.56 on a 4-point scale) of their social relationships. 
Descriptive statistics broken down by MCI classification 
were presented in Table 2.

Do Older Adults With and Without MCI Differ 
in Features of Daily Social Interactions and 
Socializing Activities?

In our sample of 311 older adults, 32% (N = 100) were 
classified as MCI and 68% were classified as non-MCI 
(N = 211). The MCI group included older participants, had 
lower percentage of Whites, and reported fewer years of 
education than the non-MCI group (Table 1).

Multilevel Poisson or logistic models were used to 
examine whether older adults with and without MCI 
differed in features of daily social interactions and so-
cializing activities. As shown in Model 1 (Table 3), older 
adults with and without MCI demonstrated significant 
differences in several indicators of the quality and quan-
tity of their daily social experience, including frequen-
cies of having any social interactions, positive social 
interactions, and in-person socializing. Specifically, older 
adults with MCI reported 11% lower odds of having any 
social interactions and 14% lower odds of having posi-
tive or pleasant social interactions each day than those 
without MCI. In addition, older adults with MCI had 
31% lower odds of having in-person socializing each 
day than those without MCI (Model 1, Table 3). Older 
adults classified as MCI also demonstrated a trend to 
have less frequent (44% lower odds) online socializing 
activities everyday than those without MCI, even though 

this group difference did not reach statistical significance 
(p = .076). After adjusting for covariates (sex, age, race/
ethnicity, education, employment, marital status, and 
living status), the effects of MCI status on frequencies 
of positive social interactions and in-person socializing 
remained significant (Model 2, Table 3).

MCI status was not significantly associated with the 
frequency of negative daily social interactions or the di-
versity of interaction partners. We conducted further ana-
lyses to explore whether older adults with and without 
MCI differ in the frequency of interacting with specific 
types of partners. The results revealed that people with 
MCI had 30% lower odds of interacting with acquaint-
ances (b = −0.36, OR = 0.70, p = .012) and a tendency to 
interact less (25% lower odds) with strangers (b = −0.29, 
OR = 0.75, p  =  .078) everyday than did those without 
MCI; but these two groups did not differ in the frequen-
cies of interacting with other types of partners (e.g., 
spouse/partner, children, other family members, friends, 
neighbors). The exploratory analyses also revealed that 
none of the effects of MCI status on any features of daily 
social interactions or socializing was moderated by sex 
or race/ethnicity.

Do Older Adults With and Without MCI Differ in 
Features of Social Relationships Assessed by 
Global Measures?

The results from general linear models indicated that 
older adults with and without MCI showed a significant 
difference in one out of five features of social relation-
ships assessed by conventional global measures (Model 
2, Table 4). Specifically, older adults with MCI reported 
higher levels of strain and conflicts with family and 
friends than did those without MCI (b = 0.12, p = .042); 
and these two groups did not differ in the number of close 
relationships, contact frequency with relationship part-
ners, social support, or diversity of social relationships. 
Again, the exploratory analyses indicated that neither 
sex or race/ethnicity moderated the association between 
MCI status and any features of social relationships.

Discussion
The current study examined whether daily social inter-
actions could serve as sensitive behavioral markers to 
distinguish older adults with MCI from those with intact 
cognitive function. We compared several important fea-
tures of daily social interactions and socializing (quantity, 
quality, diversity of partners) between older adults with 
and without MCI using data from a diverse community-
dwelling cohort of older adults. The results demonstrated 
that compared with older adults without MCI, those classi-
fied as MCI reported less frequent total social interactions, 
positive social interactions, and in-person socializing on a 
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daily basis, suggesting that older adults with MCI experi-
enced lower quality and quantity in their daily social inter-
actions. In comparison, older adults with and without MCI 
did not differ in the majority of features of social relation-
ships assessed by global measures. Together, these results 
provide some evidence that certain features of daily social 
interactions captured by EMAs in naturalistic settings have 
more discriminative power to detect older adults with MCI 
than social relationships measured by conventional global 
measures.

The complex and dynamic nature of social interactions 
require a person’s capability to simultaneously engage and 
integrate different cognitive functions and skills including 
attention, working memory, inhibition, reasoning, and lan-
guage (Dodge, Mattek, et al., 2015; Ybarra & Winkielman, 
2012; Ybarra et  al., 2008). Older adults with impaired 
cognitive function may experience greater difficulties in 
everyday social interactions as a result of cognitive de-
cline, especially the deterioration of social cognition that 
is critical for communication and interaction (Maki et al. 
2020). To our knowledge, this study is the first study that 
used EMAs to characterize different features of daily so-
cial interactions and socializing for older adults with and 
without MCI in their naturalistic environment. Our find-
ings provide evidence that certain features of daily social 
interactions (quantity and quality) could sensitively differ-
entiate older adults with and without MCI: those with MCI 
experienced less frequent in-person socializing and less fre-
quent total and positive social interactions each day than 
those without MCI.

The majority of the features of social relationships 
measured by global measures did not differentiate older 
adults with MCI from those with normal cognitive func-
tion (with the exception of social strain). There are several 
possible explanations. First, the recall bias may limit the 
accuracy of global measures, especially for people with 
MCI due to their memory deficits. Also, retrospective re-
call in global measures may over-rely on older adults’ 
schemas or past experience built over lifetime (Umanath 
& Marsh, 2014), and thus lag in detecting subtle changes 
in everyday behaviors associated with cognitive decline. 
Finally, it is also possible that the influences of cogni-
tive deficits on social relationships may take longer to 
manifest, because the social relationships, especially the 
structural aspects (e.g., quantity, diversity/composition), 
are generally more stable and enduring compared with 
day-to-day social interactions.

It is interesting to note that older adults with and 
without MCI did not show significant differences in the 
frequency of daily negative social interactions. Given that 
all older adults reported very few occasions of negative 
social interactions (more than 80% participants reported 
no negative social interactions in this study), it is possible 
that there is not sufficient variation in the negative social 
interactions over a 2-week time period. Past research sug-
gests that the influences of negative social interactions may Ta
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unfold over a longer timescale compared with the positive 
social interactions (Zhaoyang et  al., 2019). Our finding 
that people with MCI reported more social strain in general 
than those without MCI may reflect the cumulative effects 
of negative social interactions over a longer period of time. 
Future research with longitudinal design is needed to test 
this speculation.

Additionally, the overall diversity index of interactions 
also did not distinguish people with and without MCI. The 
results from our exploratory analyses, however, indicated 
that older adults with MCI had less frequent daily inter-
actions with acquaintances or strangers than did those 
without MCI. Therefore, it is possible that interacting with 
acquaintances or strangers is more cognitively demanding 
than interacting with more familiar or closer partners (e.g., 
spouse, children, other family members, friends). In other 
words, the specific type of partners, rather than the overall 
diversity of partners, has more discriminative power in 
identifying people with MCI.

There are several limitations that present promising av-
enues for future research. First, the data in this study were 
cross-sectional in nature and permitted only comparison be-
tween MCI versus non-MCI groups. Longitudinal data are 
needed to examine the diagnostic stability of MCI classifi-
cation over time (Han et al., 2012), and whether impaired 
cognition would influence and/or be influenced by changes 
in social interactions over time. Second, this study did not 
directly examine which cognitive function (e.g., attention, 
working memory, inhibition) or psychological mechanisms 
may account for the observed group differences (MCI vs 
non-MCI) in features of daily social interactions. Future 
study would benefit from identifying cognitive or psycho-
social factors that may help explain the changes in daily 
social interactions associated with cognitive impairment. 
Third, although smartphone-based EMAs at real time and 
in participants’ natural environments greatly improve the 
accuracy and ecological validity of the assessments, they 
still rely on self-report and thus could be influenced by re-
call and social desirability bias. Future research may benefit 
from using technology-aided approaches and passively col-
lected data (e.g., electronically activated recorder, in-home 
monitoring, social media data) to objectively assess social 
interactions beyond survey methods (Dodge et al., 2014).

In conclusion, our study joins the increasing interest in 
identifying behavioral markers of cognitive decline at the 
MCI stage and provides evidence that certain features of 
daily social interactions (e.g., quality and quantity) could 
serve as sensitive and ecologically valid behavioral markers 
to detect MCI among older adults. These findings could 
facilitate the development of more powerful and cost-ef-
fective screening tools for MCI, as well as early diagnosis 
and interventions for AD. In addition, the feasibility of 
using smartphone-based EMAs to characterize the daily 
social life in older adults with MCI also provide support 
for the development and evaluation of technology-aided 

interventions aimed to improve social skills or to enhance 
the socially engaged life among older adults with cognitive 
impairment (Dodge, Zhu, et al., 2015).

Funding
This work was supported by the National Institute on 
Aging at National Institutes of Health (R03 AG067006 
to R. Zhaoyang, P01 AG003949 to M.  J. Sliwinski, R01 
AG063241 to L. M. Martire, and R01 AG060933 to S. B. 
Scott).

Conflict of Interest
None declared.

Acknowledgments
The authors would like to thank the staff of Einstein Aging 
Study for assistant with data collection. This study is not 
preregistered.

Data Availability
The data, analytic methods, and study materials on which 
the manuscript is based will be made available per request.

References
Ali, T., Nilsson, C. J., Weuve, J., Rajan, K. B., & Mendes de Leon, C. F. 

(2018). Effects of social network diversity on mortality, cogni-
tion and physical function in the elderly: A  longitudinal anal-
ysis of the Chicago Health and Aging Project (CHAP). Journal 
of Epidemiology and Community Health, 72(11), 990–996. 
doi:10.1136/jech-2017-210236

American Psychiatric Association. (1994). Diagnostic and Statistical 
Manual of Mental Disorders: DSM-IV. American Psychiatric 
Association.

Alzheimer’s Association. (2019). 2019 Alzheimer’s disease facts and 
figures. Alzheimer’s & Dementia, 15(3), 321–387. doi:10.1016/j.
jalz.2019.01.010

Bartels, S. L., van Knippenberg, R. J. M., Malinowsky, C., Verhey, F. R. J., 
& de Vugt, M. E. (2020). Smartphone-based experience sampling 
in people with mild cognitive impairment: Feasibility and usability 
study. JMIR Aging, 3(2), e19852. doi:10.2196/19852

Bielak, A. A., Mogle,  J., & Sliwinski, M. J. (2017). What did you 
do today? Variability in daily activities is related to variability 
in daily cognitive performance. The Journals of Gerontology, 
Series B: Psychological and Social Sciences, 74(5), 764–771. 
doi:10.1093/geronb/gbx145

Bondi,  M.  W., Edmonds,  E.  C., Jak,  A.  J., Clark,  L.  R., Delano-
Wood, L., McDonald, C. R., Nation, D. A., Libon, D. J., Au, R., 
& Salmon,  D.  P. (2014). Neuropsychological criteria for mild 
cognitive impairment improves diagnostic precision, biomarker 

Journals of Gerontology: PSYCHOLOGICAL SCIENCES, 2024, Vol. 79, No. 4� 9

Copyedited by: NI

https://doi.org/10.1136/jech-2017-210236
https://doi.org/10.1016/j.jalz.2019.01.010
https://doi.org/10.1016/j.jalz.2019.01.010
https://doi.org/10.2196/19852
https://doi.org/doi:10.1093/geronb/gbx145


associations, and progression rates. Journal of Alzheimer’s 
Disease, 42(1), 275–289. doi:10.3233/JAD-140276

Boyle, P. A., Buchman, A. S., Barnes, L. L., & Bennett, D. A. (2010). 
Effect of a purpose in life on risk of incident Alzheimer dis-
ease and mild cognitive impairment in community-dwelling 
older persons. Archives of General Psychiatry, 67(3), 304–310. 
doi:10.1001/archgenpsychiatry.2009.208

Buschke,  H. (1984). Cued recall in amnesia. Journal 
of Clinical Neuropsychology, 6(4), 433–440. 
doi:10.1080/01688638408401233

Cornwell, B., Schumm, L. P., Laumann, E. O., & Graber, J. (2009). 
Social networks in the NSHAP study: Rationale, measurement, 
and preliminary findings. The Journals of Gerontology, Series 
B: Psychological Sciences and Social Sciences, 64B(suppl. 1), 
i47–i55. doi:10.1093/geronb/gbp042

Creese, B., Brooker, H., Ismail, Z., Wesnes, K. A., Hampshire, A., 
Khan,  Z., Megalogeni,  M., Corbett,  A., Aarsland,  D., & 
Ballard,  C. (2019). Mild behavioral impairment as a marker 
of cognitive decline in cognitively normal older adults. The 
American Journal of Geriatric Psychiatry, 27(8), 823–834. 
doi:10.1016/j.jagp.2019.01.215

Dodge,  H.  H., Mattek,  N., Gregor,  M., Bowman,  M., Seelye,  A., 
Ybarra, O., Asgari, M., & Kaye, J. A. (2015). Social markers of 
mild cognitive impairment: Proportion of word counts in free 
conversational speech. Current Alzheimer Research, 12(6), 513–
519. doi:10.2174/1567205012666150530201917

Dodge, H. H., Ybarra, O., & Kaye, J. A. (2014). Tools for advancing 
research into social networks and cognitive function in 
older adults. International Psychogeriatrics, 26(4), 533–539. 
doi:10.1017/S1041610213001750

Dodge,  H.  H., Zhu,  J., Mattek,  N.  C., Bowman,  M., Ybarra,  O., 
Wild,  K.  V., Loewenstein,  D.  A., & Kaye,  J.  A. (2015). Web-
enabled conversational interactions as a method to improve cog-
nitive functions: Results of a 6-week randomized controlled trial. 
Alzheimer’s & Dementia: Translational Research & Clinical 
Interventions, 1(1), 1–12. doi:10.1016/j.trci.2015.01.001

Dubois,  B., Hampel,  H., Feldman,  H.  H., Scheltens,  P., Aisen,  P., 
Andrieu,  S., Bakardjian,  H., Benali,  H., Bertram,  L., 
Blennow, K., Broich, K., Cavedo, E., Crutch, S., Dartigues,  J.-
F., Duyckaerts,  C., Epelbaum,  S., Frisoni,  G.  B., Gauthier,  S., 
Genthon, R., … Jack, C. R. Jr; Proceedings of the Meeting of 
the International Working Group (IWG) and the American 
Alzheimer’s Association on “The Preclinical State of AD”; July 
23, 2015; Washington DC, USA. (2016). Preclinical Alzheimer’s 
disease: Definition, natural history, and diagnostic criteria. 
Alzheimer’s & Dementia, 12(3), 292–323. doi:10.1016/j.
jalz.2016.02.002

Farrell, M. T., Zahodne, L. B., Stern, Y., Dorrejo, J., Yeung, P., & 
Cosentino, S. (2014). Subjective word-finding difficulty reduces 
engagement in social leisure activities in Alzheimer’s disease. 
Journal of the American Geriatrics Society, 62(6), 1056–1063. 
doi:10.1111/jgs.12850

Hahn, E. A., DeWalt, D. A., Bode, R. K., Garcia, S. F., DeVellis, R. F., 
Correia, H., & Cella, D.; PROMIS Cooperative Group. (2014). 
New English and Spanish social health measures will facilitate 
evaluating health determinants. Health Psychology, 33(5), 490–
499. doi:10.1037/hea0000055

Han, J. W., Kim, T. H., Lee, S. B., Park, J. H., Lee,  J.  J., Huh, Y., 
Park,  J.  E., Jhoo,  J.  H., Lee,  D.  Y., & Kim,  K.  W. (2012). 
Predictive validity and diagnostic stability of mild cognitive im-
pairment subtypes. Alzheimer’s & Dementia, 8(6), 553–559. 
doi:10.1016/j.jalz.2011.08.007

Ivanova, I., Salmon, D. P., & Gollan, T. H. (2013). The multilingual 
naming test in Alzheimer’s disease: Clues to the origin of naming 
impairments. Journal of the International Neuropsychological 
Society, 19(3), 272–283. doi:10.1017/S1355617712001282

Jak,  A.  J., Bondi,  M.  W., Delano-Wood,  L., Wierenga,  C., Corey-
Bloom, J., Salmon, D. P., & Delis, D. C. (2009). Quantification 
of five neuropsychological approaches to defining mild cogni-
tive impairment. The American Journal of Geriatric Psychiatry, 
17(5), 368–375. doi:10.1097/JGP.0b013e31819431d5

James,  B.  D., Boyle,  P.  A., Buchman,  A.  S., Barnes,  L.  L., & 
Bennett, D. A. (2011). Life space and risk of Alzheimer disease, 
mild cognitive impairment, and cognitive decline in old age. The 
American Journal of Geriatric Psychiatry, 19(11), 961–969. 
doi:10.1097/JGP.0b013e318211c219

Jost,  B.  C., & Grossberg,  G.  T. (1996). The evolution of psychi-
atric symptoms in Alzheimer’s disease: A natural history study. 
Journal of the American Geriatrics Society, 44(9), 1078–1081. 
doi:10.1111/j.1532-5415.1996.tb02942.x

Kelly, M. E., Duff, H., Kelly, S., McHugh Power, J. E., Brennan, S., 
Lawlor, B. A., & Loughrey, D. G. (2017). The impact of social 
activities, social networks, social support and social relation-
ships on the cognitive functioning of healthy older adults: A sys-
tematic review. Systematic Reviews, 6(1), 259. doi:10.1186/
s13643-017-0632-2

Kourtis, L. C., Regele, O. B., Wright, J. M., & Jones, G. B. (2019). 
Digital biomarkers for Alzheimer’s disease: The mobile/wear-
able devices opportunity. Npj Digital Medicine, 2(1), 1–9. 
doi:10.1038/s41746-019-0084-2

Kuiper, J. S., Zuidersma, M., Oude Voshaar, R. C., Zuidema, S. U., 
van den Heuvel, E. R., Stolk, R. P., & Smidt, N. (2015). Social 
relationships and risk of dementia: A  systematic review and 
meta-analysis of longitudinal cohort studies. Ageing Research 
Reviews, 22, 39–57. doi:10.1016/j.arr.2015.04.006

Lawton, M. P., & Brody, E. M. (1969). Assessment of older people: 
Self-maintaining and instrumental activities of daily living. The 
Gerontologist, 9, 179–186. doi:10.1093/geront/9.3_part_1.179

Maki, Y., Takao, M., Hattori, H., & Suzuki, T. (2020). Promoting 
dementia-friendly communities to improve the well-being of in-
dividuals with and without dementia. Geriatrics & Gerontology 
International, 20(6), 511–519. doi:10.1111/ggi.13896

Monsch,  A.  U., Bondi,  M.  W., Butters,  N., Salmon,  D.  P., 
Katzman, R., & Thal, L. J. (1992). Comparisons of verbal flu-
ency tasks in the detection of dementia of the Alzheimer type. 
Archives of Neurology, 49(12), 1253–1258. doi:10.1001/
archneur.1992.00530360051017

Pauly, T., Lay, J. C., Nater, U. M., Scott, S. B., & Hoppmann, C. A. 
(2017). How we experience being alone: Age differences in 
affective and biological correlates of momentary solitude. 
Gerontology, 63(1), 55–66. doi:10.1159/000450608

Petersen,  R.  C. (2004). Mild cognitive impairment as a diag-
nostic entity. Journal of Internal Medicine, 256(3), 183–194. 
doi:10.1111/j.1365-2796.2004.01388.x

10� Journals of Gerontology: PSYCHOLOGICAL SCIENCES, 2024, Vol. 79, No. 4

Copyedited by: NI

https://doi.org/10.3233/JAD-140276
https://doi.org/10.1001/archgenpsychiatry.2009.208
https://doi.org/10.1080/01688638408401233
https://doi.org/doi:10.1093/geronb/gbp042
https://doi.org/10.1016/j.jagp.2019.01.215
https://doi.org/10.2174/1567205012666150530201917
https://doi.org/10.1017/S1041610213001750
https://doi.org/doi:10.1016/j.trci.2015.01.001
https://doi.org/10.1016/j.jalz.2016.02.002
https://doi.org/10.1016/j.jalz.2016.02.002
https://doi.org/10.1111/jgs.12850
https://doi.org/10.1037/hea0000055
https://doi.org/10.1016/j.jalz.2011.08.007
https://doi.org/10.1017/S1355617712001282
https://doi.org/10.1097/JGP.0b013e31819431d5
https://doi.org/10.1097/JGP.0b013e318211c219
https://doi.org/10.1111/j.1532-5415.1996.tb02942.x
https://doi.org/10.1186/s13643-017-0632-2
https://doi.org/10.1186/s13643-017-0632-2
https://doi.org/doi:10.1038/s41746-019-0084-2
https://doi.org/10.1016/j.arr.2015.04.006
https://doi.org/doi:10.1093/geront/9.3_part_1.179
https://doi.org/10.1111/ggi.13896
https://doi.org/10.1001/archneur.1992.00530360051017
https://doi.org/10.1001/archneur.1992.00530360051017
https://doi.org/10.1159/000450608
https://doi.org/10.1111/j.1365-2796.2004.01388.x


Possin, K. L., Laluz, V. R., Alcantar, O. Z., Miller, B. L., & Kramer, J. H. 
(2011). Distinct neuroanatomical substrates and cognitive mech-
anisms of figure copy performance in Alzheimer’s disease and 
behavioral variant frontotemporal dementia. Neuropsychologia, 
49(1), 43–48. doi:10.1016/j.neuropsychologia.2010.10.026

Reitan, R. M. (1958). Validity of the Trail Making Test as an indi-
cator of organic brain damage. Perceptual and motor skills, 8(3), 
271–276. doi:10.2466/pms.8.7.271-276

Schuster, T. L., Kessler, R. C., & Aseltine, R. H. Jr. (1990). Supportive 
interactions, negative interactions, and depressed mood. 
American Journal of Community Psychology, 18(3), 423–438. 
doi:10.1007/BF00938116

Shannon,  C. E. (1948). A mathematical theory of commu-
nication. Bell System Technical Journal, 27, 379–423. 
doi:10.1002/j.1538-7305.1948.tb01338.x

Shiffman, S., Stone, A. A., & Hufford, M. R. (2008). Ecological mo-
mentary assessment. Annual Review of Clinical Psychology, 4, 
1–32. doi:10.1146/annurev.clinpsy.3.022806.091415

Smyth,  J. M., Juth, V., Ma, J., & Sliwinski, M. (2017). A slice of 
life: Ecologically valid methods for research on social relation-
ships and health across the life span. Social and Personality 
Psychology Compass, 11(10), e12356. doi:10.1111/spc3.12356

Tombaugh, T. N., Kozak, J., & Rees, L. (1999). Normative data strat-
ified by age and education for two measures of verbal fluency: 
FAS and animal naming. Archives of Clinical Neuropsychology, 
14(2), 167–177.doi:10.1016/s0887-6177(97)00095-4

Turner, R.  J., Frankel, G., & Levin, D. M. (1983). Social support: 
Conceptualization, measurement, and implications for mental 
health. In J. R. Greenley & R. G. Simmons (Eds.), Research in 
community and mental health (pp. 67–111). JAI Press.

Umanath, S., & Marsh, E. J. (2014). Understanding how prior knowledge 
influences memory in older adults. Perspectives on Psychological 
Science, 9(4), 408–426. doi:10.1177/1745691614535933

Wechsler, D. (1987). Wechsler Memory Scale—Revised manual. The 
Psychological Corporation.

Weintraub,  S., Besser,  L., Dodge,  H.  H., Teylan,  M., Ferris,  S., 
Goldstein,  F.  C., Giordani,  B., Kramer,  J., Loewenstein,  D., 
Marson,  D., Mungas,  D., Salmon,  D., Welsh-Bohmer,  K., 
Zhou, X. H., Shirk, S. D., Atri, A., Kukull, W. A., Phelps, C., & 
Morris, J. C. (2018). Version 3 of the Alzheimer Disease Centers’ 
Neuropsychological Test Battery in the Uniform Data Set (UDS). 
Alzheimer Disease and Associated Disorders, 32(1), 10–17. 
doi:10.1097/WAD.0000000000000223

Ybarra, O., Burnstein, E., Winkielman, P., Keller, M. C., Manis, M., 
Chan,  E., & Rodriguez,  J. (2008). Mental exercising through 
simple socializing: Social interaction promotes general cognitive 
functioning. Personality & Social Psychology Bulletin, 34(2), 
248–259. doi:10.1177/0146167207310454

Ybarra,  O., & Winkielman,  P. (2012). On-line social interactions 
and executive functions. Frontiers in Human Neuroscience, 6, 
75. doi:10.3389/fnhum.2012.00075

Zhaoyang,  R., Sliwinski,  M.  J., Martire,  L.  M., & Smyth,  J.  M. 
(2018). Age differences in adults’ daily social interactions: An 
ecological momentary assessment study. Psychology and Aging, 
33(4), 607–618. doi:10.1037/pag0000242

Zhaoyang,  R., Sliwinski,  M.  J., Martire,  L.  M., & Smyth,  J.  M. 
(2019). Social interactions and physical symptoms in daily life: 
Quality matters for older adults, quantity matters for younger 
adults. Psychology & Health, 34(7), 867–885. doi:10.1080/088
70446.2019.1579908

Journals of Gerontology: PSYCHOLOGICAL SCIENCES, 2024, Vol. 79, No. 4� 11

Copyedited by: NI

https://doi.org/10.1016/j.neuropsychologia.2010.10.026
https://doi.org/10.2466/pms.8.7.271-276
https://doi.org/10.1007/BF00938116
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://doi.org/10.1146/annurev.clinpsy.3.022806.091415
https://doi.org/10.1111/spc3.12356
https://doi.org/10.1016/s0887-6177(97)00095-4
https://doi.org/10.1177/1745691614535933
https://doi.org/10.1097/WAD.0000000000000223
https://doi.org/10.1177/0146167207310454
https://doi.org/10.3389/fnhum.2012.00075
https://doi.org/10.1037/pag0000242
https://doi.org/10.1080/08870446.2019.1579908
https://doi.org/10.1080/08870446.2019.1579908

