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Abstract

Limited research is available on the relationship between social stress and risk of declining cognition. We sought to examine
whether social stress has adverse effects on risk of declining episodic memory and executive functioning in aging individuals.
We used data from the MIDUS study, a national probability sample of non-institutionalized, English speaking respondents
aged 25-74 living in the 48 contiguous states of the United States. The initial wave (1995) included 4963 non-institution-
alized adults aged 32-84 (M =55, SD=12.4). We used an analytic sample from MIDUS-II (1996/1997) and MIDUS-III
(2013) (n=1821). The dependent variables are episodic memory and executive functioning, which were assessed with the
Brief Test for Cognition (BTACT). The independent variables were social stress variables (subjective social status, family
and marital stress, work stress and discrimination). To evaluate episodic memory and executive functioning changes over a
time period of 10 years, we estimated adjusted linear regression models. Women report significantly lower subjective social
status and more discrimination stress than men across all age groups. Controlling for education and income, age, and base-
line episodic memory and executive functioning, lower subjective social status had additional adverse effects on declines
in episodic memory in men and women. Marital risk had adverse effects on episodic memory in men but not in women.
Daily discrimination had adverse effects on executive functioning on all individuals. Public health strategies should focus on
reducing social stress in a socio-ecological perspective. Especially, subjective social status and discrimination stress might
be a target for prevention efforts.
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Introduction

Limited research is available on the relationship between
social stress and risk of declining cognitive functioning
in aging individuals. Declining cognitive functioning and
dementia are major Public Health challenges [1]. Cogni-
tive decline, however, varied widely. Furthermore, rates of
cognitive decline are declining [2, 3]. The risk for a person
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to develop dementia over a lifetime is now 15% (95% con-
fidence interval [CI] 7-9%) lower than it was in 2010 and
incidence rates of dementia have declined over the past quar-
ter century [2]. These findings of declining rates of dementia
call for efforts to finding more causes for dementia and cog-
nitive decline, although studies indicate that the age-specific
incidence of cognitive decline is slowing down in the United
States and other high-income countries [2, 4, 5]

Cognitive functioning includes cognitive abilities, such as
episodic memory (EM) and executive functions (EFs). EM
refers to the ability of learning, storing and recapturing about
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unique personal experiences over diverse periods ranging
from minutes to years and decades [6]. EF includes a vari-
ety of abilities that enable goal-directed behavior through
strategy selection, information monitoring, and planning
sequencing of actions [7]. EF includes stopping proponent
or automatic responses, resisting distraction or interference
from irrelevant information in the environment, switching
between task sets, planning, monitoring, and verbal and
design fluency. Performance in EM has been related to intact
medial temporal lobe (MTL] and hippocampus structures
[6]. By contrast, EF largely rely on the integrity of prefron-
tal and other frontal regions, and to some extent of parietal
cortex [7]. 12 Modifiable factors for dementia and cognitive
decline have been identified so far such as low education,
hypertension, obesity, hearing loss, traumatic brain injury,
alcohol abuse, smoking, depression, physical inactivity,
social isolation, diabetes, and air pollution [8]. Despite the
increasing knowledge on modifiable risk factors for cogni-
tive decline, so far, we have limited knowledge about the
long-term impact of social stress (subjective social status,
social stress, and discrimination) on cognitive decline.

Subjective social status (SSS) or perception of rank on the
social hierarchy is an important indicator of various health
outcomes [9, 10] SSS is associated with a number of health
outcomes [11, 12], including mortality [13], mental health
[14], and cognition [15]. Indeed, the proposed physiologi-
cal mechanisms underlying the relationship between SSS
and health outcomes involve stress-related biological risk
factors for disease, including altered cortisol response and
reduced immune defense [16]. Many of these biological
mechanisms are known risk factors for late-life cognitive
impairment [17].

Social stress is conceptualized as perceived negative
social exchanges such as conflict, rejection, criticism, and
support failure [18, 19]. Accordingly, Social stress refers
to the frequency and degree to which an individual experi-
ences negative interactions with partner, family members,
or friends. Social strain is associated with poor health out-
comes (Lincoln 2000; Rook 1984; Sneed and Cohen 2014,
Yang et al. 2014). Frequent negative social interactions with
close others may lead to negative health outcomes, because
negative interactions evoke stress responses, such as inflam-
mation and sustained physiological activation, which may
negatively affect health [20, 21].

Discrimination is a construct referring to behaviour
resulting from the prejuidical attitudes, beliefs, and treat-
ment of an individual or a group due to certain character-
istics, such as gender social status, age, or race [22]. Dis-
crimination can be defined as an act based on prejudices
which results in “the differential treatment of individuals
based on arbitrary or ascribed characteristics that are attrib-
uted to belonging to that group”. Discrimination stress has
been associated with a variety of negative health outcomes
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[22-24]. Two meta-analytic reviews indicate that discrimi-
nation stress is robustly associated with symptoms of depres-
sion and anxiety, coronary artery calcification, oxidative
stress, shorter telomeres, dysregulations in cortisol, and
inflammation [25-27], heightened physiologic and psycho-
logical stress responses that may have direct and indirect
effects on cognitive function [28, 29], such as lower EM [30]
and faster EM decline [16, 31]. Furthermore, studies sug-
gest that discrimination is associated with greater oxidative
stress [32], heightened physiological stress response [24],
increased cortisol, dysregulation of the immune system and
chronic non-specific inflammation. [16, 33], mortality risk
[27, 34], and cardiovascular disease [35]. However, other
studies do not show such an association [36].

Building upon previous cross-sectional studies which
assessed social stress [18], and subjective social status [37],
we assess the impact of social stress in an ecological model
with stress on the individual level (subjective social status),
on the partner and family level (social strain), on the work
level (discrimination at work), and on the society level (dis-
crimination). A better understanding of social factors con-
tributing to cognitive decline can facilitate the development
and evaluation of interventions to reduce inequalities in EM
and EF decline and ultimately reduce the burden of cogni-
tive decline in the aging population. The overall goal of the
current study was, therefore, to expand understanding of the
role of social stress in relation to declines in EM and EF.
To accomplish this goal, we sought to [1] assess declines in
EM and EF among men and women in the MIDUS cohort;
[2] delineate variations of decline by level of social stress.

Methods
Sample

We use data from the MIDUS study. MIDUS is a national
probability sample of non-institutionalized, English speak-
ing respondents aged 25—74 living in the United States who
were selected from households with a telephone; enrolment
began in 1995 (MIDUS I). The initial wave included 4963
non-institutionalized adults aged 32-84 (M =55, SD=12.4)
from the 48 contiguous states. The sample was obtained
using random digit dialing with a response rate of 71%.
Retention rates in subsequent waves were slightly higher
among women, whites, married people, and people with
more education and better health (Radler and Ryff 2010).
Measures of cognition were collected in MIDUS II and
III only, thus, here we use data on SSS and discrimination
from MIDUS II and cognition data from MIDUS II and III.
MIDUS was approved by the Institutional Review Boards
of the participating institutions, and informed consent
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was obtained. Our analytical sample consists of N=1821
individuals.

Measures

The dependent variables are episodic memory [EM) and
executive functioning (EF). The primary independent vari-
ables of interest are social stress assessed as SSS, social
strain in family and work and discrimination.

Cognitive function in MIDUS II and III was assessed
using the Brief Test of Adult Cognition by Telephone
(BTACT). [38] The BTACT was designed especially to
enable assessment of cognitive functioning in large com-
munity-based samples [39] and to identify non-pathological
variation in cognitive function. Participants were asked to
complete a series of cognitive tests after a brief hearing test.
The BTACT includes EM and EF. EM is assessed by imme-
diate and delayed recall trials from the Rey Auditory—Ver-
bal Learning Test [40]. EF is assess by the Category—Ver-
bal Fluency Test [41], the Digit Span Backward Test [42],
the Number Series [43], the 30 s and Counting Tasks [39]
and the Stop and Go Switch Task [39]. Composite scores for
EM and EF were computed as mean z-scores based on the
means and SDs at M2.

The independent variables are validated scales of social
strain [44, 45] Social strain at the family level was meas-
ured using four indices of negative social interaction with
spouse/partner, friends, and family members. All items were
answered on a 4-point scale ranging from one (often) to four
(never). Items included, “How often do they criticize you?”,
“How often do they make too many demands on you?”,
“How often do they let you down when you are counting
on them?”, “How often do they get on your nerves?” Two
additional items were included to assess social strain from
partner/spouse: “How often does he or she (i.e., partner/
spouse) argue with you?” and “How often does he or she
(i.e., partner/spouse) make you feel tense?” Measures of
social strain at the work level include perceived inequality
at work (6 items) and chronic job discrimination (6 items).
SSS includes perceived inequality (6 items). Discrimination
was evaluated as lifetime discrimination (11 items) and daily
discrimination (9 items). (Supplemental Material Part A.
Scales). Items included, “You are treated with less courtesy
or respect than other people,” “You receive poorer service
than other people at restaurants or stores,” “People act as
if they think you are not smart,” “People act as if they are
afraid of you,” and “You are threatened or harassed.” In the
current study, mean scores on the scale were reversed prior
to analysis so that higher scores correspond to greater eve-
ryday discrimination.

Age (in years) corresponded to age at the time of
MIDUS II and III. Gender was quantified as dichotomous

(male/female). Self-reported race/ethnicity was dummy-
coded into four categories: non-Hispanic White, non-
Hispanic Black, Hispanic (of any race), and non-Hispanic
other. The largest category, non-Hispanic White, was
treated as the reference group. We also control for the
following variables: baseline cognition z-score, relation-
ship status (living vs. not living with partner), educational
attainment (some college or more vs. high school or less),
income level at baseline (per 100% of federal poverty level
(FPL), accounting for household size), employment status
(unemployed or retired, vs. employed), perceived physical
health (yes/no scale), physical activity (vigorous vs. none),
and depression and anxiety scores (continuous scales).

Statistical methods

We estimated cognition means and calculated differences
across four age categories (40-49, 50-59, 60-69, > 70)
using cognition z-scores (EM, EF). The discrimination-
and social stress and strain scales were compared using
the Wilcoxon—-Mann—-Whitney Rank Sum test and trends
were evaluated using the Cochrane—Armitage test. We
compared changes in scores from MIDUS II and III using
paired ¢ tests and we calculated Pearson correlation coef-
ficients. We modeled cognition (EM and EF z-scores)
cross-sectional with a linear regression model. Since the
inequality scales were ordinal in nature (1 often; 2 some-
times; 3 rarely; 4 never) and ‘never’ was a rare response,
we generated a three-level variable (1 often; 2 sometimes;
3 rarely or never). For discrimination we used a continu-
ous scale. Regression models were adjusted throughout for
baseline age, race/ethnicity, education, living with partner,
income and employment status, physical activity, depres-
sion and anxiety. We included all age groups as analyses
revealed no clear differences of results by baseline age
group, that is, no differences between cohorts who were
in midlife or late life at baseline.

To model change in cognition between MIDUS II and
III, we created a variable of average change in cognition
over 10 years (MIDUS II-MIDUS III)/years of follow-up)
x 10). Both EM and EF change scores were created and
modeled with linear regression adjusting for all factors
listed above plus the baseline (MIDUS II) cognition score.
In sensitivity analysis, we also restricted to Caucasians
only and stratified according to income (higher (> median)
vs. lower (< median). We controlled for self-rated health
(data now shown). However, there was no statistically sig-
nificant effect.

To statistically assess the interaction between gender
and discrimination, we including a gender X discrimina-
tion interaction term in our linear regression models.
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Results

Means and standard deviations of social stress variables
are presented in Table 1. Women report more family strain
than men do across all age groups. Participants report less
marital strain with increasing age. Spouse/partner strain
is reported more often by women than men, while work
stress is reported more often by men. Work inequality is
inversely associated with increasing age for men but not
for women. Additionally, discrimination stress is reported
less often with increasing age. Finally, lifetime- and daily
discrimination stress is higher in women than men across
all age groups. Men reported more chronic job discrimina-
tion than women.

Women show less decline in EM compared with men,
but, men show less decline in EF, and both EM and EF
decrease with increasing age (Lachman et al. 2014;
Hughes et al. 2018). (Supplemental Material Table 1)
Decrease in EM in higher income women is slower than
in lower income men and women experience faster EF
decreases; in fact, EF decrease is fastest in higher income
women age 70 4+ compared with all other groups (Supple-
mental Material Table 2).

Table 2 presents information on socio-demographics,
and health characteristics [V (percentage) or mean (SD)],
and how they predict changes in EM and EF. Age, EM, and
EF at baseline predict EM and EF changes.

Table 3 shows that stress scores predict changes in EM.
More marital stress is associated with decreased EF in
men. More perceived work inequality stress is cross-sec-
tional associated with worse EM in men but not in women.
At the societal level, more daily discrimination stress is
associated with worse EM and more lifetime and daily
discrimination with worse EF in men.

Social stress is associated with EM in women and men
(Table 2). However, the specific types of stress are asso-
ciated differently with EM. Marital stress is associated
with EM decline in men, but not in women. Additionally,
daily discrimination stress is associated with worse EF in
men but not in women. In working women, marital stress
is associated with declines in EF. However, low SSS is
inversely associated with EM and EF in high-income men
and low-income women.

Lower SSS is associated faster declines in EM adjusted
for age, education, income and baseline cognition score
in all individuals in our sample (Table 3). Less decline
in EF is inversely associated with daily discrimination.
More decline in EF is associated with daily discrimination
in low income men. Adults who were exposed to higher
levels of daily discrimination showed significantly more
decline in (Supplemental Material Table 4). Work stress
was not related to more decline in EM and EF.
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Sensitivity analyses

We conducted sensitivity analyses to investigate whether
results are stable across population subgroups (Caucasian
only vs. other, higher income vs. lower income) (Supple-
mental Material Table 5). The sensitivity analyses suggest
effects of marital and spouse stress are higher for higher
income men compared to lower income men. Additionally,
SSS is associated with worsening EM for higher income men
and lower income women. The sensitivity analyses suggest,
furthermore, that daily discrimination stress has an effect
on EF lower income men—especially on Caucasians (Sup-
plemental Material Table 6).

Discussion

The goal of the current study was to expand understanding
of the role that social stress may play declines in EM and EF.
This longitudinal study provides evidence that among social
stress factors SSS and discrimination are associated with
declines in in EM and EF, independent of known risk factors
for cognitive decline [8, 46]. Together, these results suggest
that SSS and discrimination may be additional modifiable
factors to prevent declines in EM and EF.

Our data suggest that SSS, social strain and discrimina-
tion are associated with declines in EM and EF. Our results
showed that those with lower education had higher odds of
declining EM. This finding is in line with recent findings on
the effects of education on less decline in cognition [8, 46].
These studies support the theory of cognitive reserve [47]
which suggest that educational attainment may supply a set
of factors that reduces the age-related changes in the brain
and increase brain plasticity [48]. Additionally, our data sug-
gest that independent of the known factor of education social
stress has an impact on declines in EM and EF. These find-
ings are consistent with experimental evidence suggesting
that the psychological repercussions of perceived inequal-
ity have adverse effect on health. Indeed, research indicates
that, independent of objective SES, SSS predicts mental and
physical health outcomes. SSS has been described as a more
comprehensive measure of one’s social position than educa-
tion or income, because it reflects an individual’s “cognitive
averaging” of multiple dimensions of SES as well as other
status-related information, such as perceived control, feel-
ings of financial security, and discrimination [10, 49]. The
mechanisms why SSS may have an impact on EM and EF
might be explained through experimental evidence. Studies
suggest that low SSS elevates multiple biological risk factors
for disease. Interestingly, in our study higher income men
and lower income women drive these associations between
SSS, EM, and EF.
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Table 1 Stress/strain variables by sex and age at MIDUS 2

Stress/Strain variables Age range Men Women P value
MIDUS 2
N Mean (SD) P for age trend N Mean (SD) P for age trend
Marital strain <40 64 3.3 (1.6) <.0001 82 3.1(1.6) <0.0001 0.39
40-49 210 3.3 (1.6) 265 33 (1.7) 0.73
50-59 286 3.0(1.4) 293 3.2(1.7) 0.52
60-69 209 2.7 (1.1) 216 2.8(1.3) 0.60
>70 100 2.4(0.9) 96 2.6 (1.2) 0.49
Family strain <40 74 2.1(0.5) <.0001 109 2.3 (0.5) <0.0001 0.008
40-49 253 2.0 (0.6) 325 2.2 (0.6) 0.001
50-59 336 2.0(0.5) 389 2.1 (0.6) 0.004
60-69 234 1.9 (0.5) 321 2.0 (0.5) 0.005
>70 119 1.8 (0.4) 166 1.9 (0.5) 0.14
Spouse/partner strain <40 64 2.1 (0.6) 0.0003 82 2.1 (0.6) 0.8627 0.80
40-49 210 2.2 (0.6) 265 2.2(0.7) 0.70
50-59 286 2.1(0.5) 294 2.2(0.7) 0.06
60-69 209 2.0 (0.5) 215 2.1(0.7) 0.08
>70 100 2.0 (0.5) 95 2.2 (0.6) 0.23
Work level stress
Perceived Inequality at work <40 72 1.7 (0.6) <.0001 88 1.6 (0.5) 0.0224 0.17
40-49 234 1.6 (0.5) 272 1.6 (0.5) 0.69
50-59 304 1.5(0.5) 297 1.5 (0.5) 0.85
60-69 161 1.4 (0.5) 168 1.5 (0.5) 0.004
>70 40 1.4 (0.5) 34 1.5 (0.5) 0.46
Chronic job discrimination <40 72 12.3 (4.8) <.0001 88 10.7 (4.5) <0.0001 0.02
40-49 233 11.7 (4.5) 271 10.7 (4.2) 0.01
50-59 305 10.8 (4.2) 297 10.2 (4.3) 0.04
60-69 162 8.9 (3.6) 170 9.0 (3.5) 0.65
>70 40 8.4 (3.8) 37 8.3(3.8) 0.90
Society level stress
Perceived Inequality of family <40 52 1.4 (0.5) 78 1.6 (0.6) 0.04
40-49 192 1.6 (0.5) 267 1.5(0.5) 0.37
50-59 294 1.5 (0.5) 343 1.6 (0.5) 0.0002
60-69 208 1.50.4) 305 1.6 (0.5) 0.05
>70 110 1.5 (0.5) 0.3103 158 1.6 (0.5) 0.1149 0.41
Lifetime discrimination <40 74 1.0 (1.7) 0.002 109 1.0 (1.5) 0.0003 0.60
40-49 253 0.9 (1.5) 327 1.0 (1.4) 0.03
50-59 337 0.8 (1.3) 389 1.1 (1.6) 0.01
60-69 237 0.7 (1.3) 323 0.9 (1.4) 0.22
>70 120 04 (1.1) 167 0.5 (1.0) 0.27
Daily discrimination <40 73 13.7 (5.6) 0.0002 109 13.4 (4.6) <0.0001 0.99
40-49 251 13.1 (4.7) 326 13.8 (4.5) 0.03
50-59 336 12.4 (4.7) 387 13.0 (4.2) 0.004
60-69 236 12.0 (4.1) 316 12.0 3.7) 0.39
>70 118 11.9 (3.6) 164 11.3(3.3) 0.12

All items coded so that high scores reflect higher standing in each scale
P value based on Wilcoxon—-Mann—Whitney (Rank Sums), comparing men to women

P for trend comparing for trend across age within sex, i.e.,, does age group predict stress/strain variable (age cat treated as linear)
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Table 2 Stress/strain variables and predicting change in episodic memory change

Scales Tertile Episodic memory
Model 1: Men Model 2: Men, Exclud- Model 1: Women Model 2: Women,
(n=785-984) ing unemployed/retired (n=818-1234) Excluding unem-
ployed/retired
p (SE) P value p(SE) P value p(SE) P value p(SE) P value
Family and Marital level stress
Perceived Inequality of family 0 Ref Ref Ref Ref
1 0.06 (0.06) 0.33 0.08 (0.07) 0.26 0.05 (0.07) 0.45 0.01 (0.09) 0.89
2 0.20 (0.10) 0.04 0.32 (0.12) 0.008 0.29 (0.09) 0.001 0.30 (0.12) 0.01
Marital strain 0 Ref Ref Ref Ref
1 —-0.14 (0.07) 0.05 —-0.16 (0.08) 0.05 —-0.07 (0.09) 0.46 -0.21 (0.11) 0.05
2 0.13 (0.06) 0.03 0.18 (0.07) 0.01 0.04 (0.07) 0.58 0.01 (0.08) 0.89
Family strain 0 Ref Ref Ref Ref
1 0.07 (0.10) 0.50 0.05 (0.12) 0.66 0.08 (0.12) 0.49 0.23 (0.17) 0.18
2 0.08 (0.10) 0.42 0.06 (0.12) 0.62 0.12 (0.12) 0.33 0.25 (0.17) 0.15
Spouse/partner strain 0 Ref Ref Ref Ref
1 0.18 (0.22) 0.41 0.29 (0.27) 0.28 -0.13(0.16) 0.42 -0.06 (0.19) 0.73
2 0.23 (0.22) 0.30 0.31 (0.27) 0.26 —-0.07 (0.16) 0.65 -0.14(0.18) 045
Work level stress
Perceived Inequality at work 0 Ref Ref Ref Ref
1 0.11 (0.06) 0.10 0.08 (0.07) 0.25 —-0.07 (0.08) 0.40 -0.07 (0.08) 0.39
2 0.13 (0.09) 0.13 0.13 (0.10) 0.19 0.06 (0.11) 0.57 0.07 (0.12) 0.58
Chronic job discrimination 0 Ref Ref Ref Ref
1 -0.05(0.07) 043 -0.10(0.07) 0.19 0.02 (0.08) 0.83 0.03 (0.08) 0.68
2 —-0.06 (0.07) 0.34 —-0.09 (0.07) 0.22 —-0.02 (0.08) 0.78 0.01 (0.09) 0.96
Society level stress
Perceived inequality of family 0 Ref Ref Ref Ref
1 0.06 (0.06) 0.33 0.08 (0.07) 0.26 0.05 (0.07) 0.45 0.01 (0.09) 0.89
2 0.20 (0.10) 0.04 0.32 (0.12) 0.008 0.29 (0.09) 0.001 0.30 (0.12) 0.01
Lifetime discrimination cont’”  0.02(0.02) 0.31 0.01 (0.02) 0.81 -0.03(0.02) 0.17 -0.01(0.02) 0.51
Daily discrimination cont’”  0.01(0.01) 0.10 0.03 (0.01) 0.51 0.01 (0.01) 0.21 0.02 (0.01) 0.73

Outcome: (MIDUS2 Cognition—MIDUS3 Cognition)/follow-up time)*10. Higher score represents more decline, negative score means less

decline from baseline cognition score

*All models control for age at MIDUS 2, baseline cognition score, race/ethnicity (White, Hispanic, other), education (some college or more
vs. high school of less), living with partner, income (per 100% above FPL), unemployed (vs. employed), retired (vs. employed), physical health
(self-reported), vigorous physical activity, depression (continuous scale), anxiety (continuous scale)

We found that discrimination is a further factor that has a
negative effect on EM and EF. These findings are consistent
with the cumulative disadvantage theory, which proposes
that adults’ exposure to lower SSS and discrimination results
in wear and tear effects over time [50, 51]. According to this
model, adults are affected by social stress during lifetime.
Research suggests that social stress can contribute to chronic
inflammation, and increased risk of psychiatric disorders
[19, 52, 53]. Our findings contribute to the literature by sug-
gesting that social stress not only contributes to health but to
changes (declines) in EM and EF.

Our study also suggests that the effects of social stress
are different for men and women in the United States.
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SSS has an impact on men and women, but specifically on
high-income men and low-income women. High-income
men and low-income women may perceive SSS trying to
offer opportunities for their families. In men, the tradi-
tionally gendered roles of provider of opportunities, is a
fundamental aspect of men’s identities [54]. Despite the
changes and flexibility in gender roles over time, the fam-
ily provider role continues to be an important aspect of
men’s identity [55]. Likewise, for low—income women,
which are mostly the main earners of family income—the
role of provider of opportunities similarly applies and it's
stress affects EM and EF in these women.
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Table 3 Stress/strain variables and predicting change in executive function change

Scales Tertile Executive function
Model 1: Men Model 2: Men, exclud- Model 1: Women Model 2: Women,
(n=785-984) ing unemployed/retired (n=818-1234) excluding unemployed/
retired
p (SE) P value f(SE) P value p(SE) P value f(SE) P value
Family and Marital level stress
Marital strain 0 Ref Ref Ref Ref
1 —-0.03 (0.05) 045 —0.03 (0.05) 0.55 0.01 (0.05) 0.91 -0.02 (0.05) 0.69
2 0.01 (0.04) 0.82 0.01 (0.04) 0.86 0.05 (0.03) 0.16 0.09 (0.04) 0.03
Family strain 0 Ref Ref Ref Ref
1 —0.04 (0.06) 0.57 —-0.01 (0.07) 0.86 -0.04 (0.07) 0.52 —0.05(0.08) 0.56
2 0.02(0.07) 0.73 0.03(0.07)  0.70 0.002 (0.07)  0.97 0.002 (0.09) 0.98
Spouse/partner strain 0 Ref Ref Ref Ref
1 -0.04 (0.14) 0.79 —-0.09 (0.15) 0.57 —-0.01 (0.08) 0.86 —-0.05(0.09) 0.62
2 -0.05(0.14) 0.71 —-0.09 (0.15) 0.58 —-0.003 (0.08) 0.97 —-0.01 (0.09) 0.88
Work level stress
Perceived Inequality at work 0 Ref Ref Ref Ref
1 0.03(0.04) 044 0.02 (0.04)  0.69 —-0.00 (0.04) 0.99 0.004 (0.04) 0.92
2 0.05 (0.05) 0.33 0.03 (0.06)  0.64 0.04 (0.06) 0.50 0.04 (0.06) 0.49
Chronic job discrimination 0 Ref Ref Ref Ref
1 —-0.01(0.04) 0.87 0.01 (0.04) 0.80 -0.03(0.04) 0.46 -0.01(0.04) 0.72
2 —-0.01(0.04) 0.77 0.01 (0.04) 0.85 0.04 (0.04) 0.36 0.05 (0.04) 0.28
Society level stress
Perceived Inequality of family 0 Ref Ref Ref Ref
1 —-0.02 (0.04) 0.58 -0.05(0.04) 0.22 0.04 (0.04) 0.31 0.06 (0.04) 0.14
2 0.09 (0.06)  0.17 0.04 (0.07)  0.58 0.08 (0.05) 0.11 0.06 (0.06) 0.31
Lifetime discrimination cont’  0.004 (0.01) 0.77 0.01 (0.01)  0.37 —0.001 (0.01) 0.94 0.01 (0.01) 0.53
Daily discrimination cont’  0.01(0.004) 0.001 0.01 (0.004) 0.005  0.004 (0.004) 0.25 0.004 (0.004) 0.35

Outcome: (MIDUS2 Cognition—MIDUS3 Cognition)/follow— up time) X 10. Higher score represents more decline, negative score means less
decline from baseline cognition score

*All models control for age at MIDUS 2, baseline cognition score, race/ethnicity (White, Hispanic, other), education (some college or more
vs. high school of less), living with partner, income (per 100% above FPL), unemployed (vs. employed), retired (vs. employed), physical health
(self-reported), vigorous physical activity, depression (continuous scale), anxiety (continuous scale)

Table 4 Discrimination variables and cognitive function change, showing the interaction between men and women

Model Term Executive Function Episodic Memory

B(SE) P value B (SE) P value

Outcome: (MIDUS2 Cognition—MIDUS3 Cognition)/follow-up time)*10. Higher score represents more decline, negative score means less
decline from baseline cognition score

Gender reference is women, meaning beta refers to how men are different from women

Discrimination (continuous measures)

Lifetime discrimination model Lifetime discrimination —0.001 (0.01) 0.91 -0.02 (0.02) 0.21
Male —0.01 (0.03) 0.77 0.33 (0.05) <.0001
Discrimination*Male 0.01 (0.01) 0.52 0.03 (0.03) 0.24

Daily discrimination model Daily discrimination 0.003 (0.003) 0.46 0.01 (0.01) 0.08
Male —0.14 (0.06) 0.03 0.39 (0.11) 0.0004
Discrimination*Male 0.01 (0.005) 0.03 —0.004 (0.008) 0.66
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Socioeconomic inequalities expressed in objective meas-
ures of income and education have a well-known influence
on cognitive outcomes [56]. Our study add knowledge that
social stress, specifically SSS and discrimination are addi-
tionally contributing to declines in EM and EF Our finding
is in line with the Religious Orders Study and Rush Memory
and Aging Project which suggests that social stress dou-
bles the risk for cognitive decline in old age [57, 58]. The
potential link with chronic stress and premature aging is also
reported in the context of biological changes such as tel-
omere shortening, increased inflammatory responses, micro-
glial activation and increased oxidative stress [59]. There
are several methodological challenges in investigating risk
factors for cognitive decline such as cardiovascular factors
and social stress. Stress may come and go; however, nega-
tive consequences of social stress may be pervasive. Lower
levels of social stress has been shown to benefit memory
and executive performance and negative interactions may
increase stress and have a negative impact on overall cogni-
tive function including episodic memory [60].

Although this study was able to take advantage of the
longitudinal and multidimensional nature of MIDUS data,
it was limited in some respects. There is, like in many lon-
gitudinal studies, evidence of attrition bias in MIDUS. With
retention rates in subsequent waves being higher among
women, whites, married people, and people with more edu-
cation and better health. Specifically, as compared to those
who remained, participants no longer in the MIDUS III had
worse self-rated health, greater socioeconomic disadvan-
tage, were less likely to have current employment, reported
greater discrimination, were more likely male, individual of
a racial/ethnic minority, not married, and were more likely
to report greater negative affect and more neuroticism at the
T1 assessment. This does not affect the internal validity of
our study; however, the effects of discrimination on cogni-
tion may even be more severe as the population of our study
experiences potentially less discrimination than the general
US population. Additionally, we cannot exclude reporting
bias. Respondents may report social stress when none actu-
ally occurred; Second, MIDUS does not ask respondents
about exposure to social stress before the first measure-
ment (#,), so we were unable to examine any type of social
stress prior to their baseline interview. Furthermore, even
though we are able to examine experiences across family,
work and society, the domains explored do not represent the
full range of places and circumstances, where social stress
and discrimination and perceived inequality can be expe-
rienced. Despite these measurement challenges requiring
more methodological research, self-reported social stress
and discrimination research remains an important domain
of inquiry. Given these measurement limitations, results pre-
sented here may underestimate the effects of social stress
on declines in EM and EF. Additionally, MIDUS is fully
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population based at baseline but as in almost all longitudinal
studies less healthy individuals dropped out over the years
slightly more. Therefore, the results should be replicated in
studies, including in further countries. It might be that the
findings are not fully generalizable to individuals living in
other countries. Finally, this study used a brief, telephone-
based cognitive assessment, which might be expanded in
further studies.

Limitations notwithstanding, this study makes new con-
tributions to the literature. The current finding that social
stress was associated with declines in EM indicates that
more modifiable risk factors for declines in cognition might
play a critical role for cognitive health. These social risk fac-
tors may represent novel targets for the prevention of cogni-
tive morbidity among older adults. The findings of this study
extend our understanding risk factors for cognition and high-
light the prominence of social stress in shaping cognition.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00127-021-02089-7.

Funding Open Access funding enabled and organized by Projekt
DEAL. We did not receive funding for this study.

Declarations

Conflicts of interest/Competing interest Authors do not have compet-
ing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Cahill S (2020) WHO'’s global action plan on the public health
response to dementia: some challenges and opportunities. Aging
Ment Health 24(2):197-199. https://doi.org/10.1080/13607863.
2018.1544213

2. Wolters FJ, Chibnik LB, Waziry R et al (2020) Twenty-seven-year
time trends in dementia incidence in Europe and the United States:
the Alzheimer Cohorts Consortium. Neurology 95(5):e519-e531.
https://doi.org/10.1212/WNL.0000000000010022

3. Hoogendijk EO, Deeg DJ, Poppelaars J et al (2016) The Longi-
tudinal Aging Study Amsterdam: cohort update 2016 and major
findings. Eur J Epidemiol 31(9):927-945. https://doi.org/10.1007/
$10654-016-0192-0


https://doi.org/10.1007/s00127-021-02089-7
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1080/13607863.2018.1544213
https://doi.org/10.1080/13607863.2018.1544213
https://doi.org/10.1212/WNL.0000000000010022
https://doi.org/10.1007/s10654-016-0192-0
https://doi.org/10.1007/s10654-016-0192-0

Social Psychiatry and Psychiatric Epidemiology

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Derby CA, Katz MJ, Lipton RB, Hall CB (2017) Trends in
Dementia Incidence in a Birth Cohort Analysis of the Einstein
Aging Study. JAMA Neurol 74(11):1345-1351. https://doi.org/
10.1001/jamaneurol.2017.1964

Prince M, Ali GC, Guerchet M, Prina AM, Albanese E, Wu YT
(2016) Recent global trends in the prevalence and incidence of
dementia, and survival with dementia. Alzheimers Res Ther
8(1):23. https://doi.org/10.1186/s13195-016-0188-8

Shields GS, Sazma MA, McCullough AM, Yonelinas AP (2017)
The effects of acute stress on episodic memory: a meta-analysis
and integrative review. Psychol Bull 143(6):636-675. https://doi.
org/10.1037/bul0000100

Friedman NP, Miyake A (2017) Unity and diversity of executive
functions: Individual differences as a window on cognitive struc-
ture. Cortex 86:186—204. https://doi.org/10.1016/j.cortex.2016.
04.023

Livingston G, Huntley J, Sommerlad A et al (2020) Dementia
prevention, intervention, and care: 2020 report of the Lancet Com-
mission. Lancet. https://doi.org/10.1016/S0140-6736(20)30367-6
Rahal D, Huynh V, Cole S, Seeman T, Fuligni A (2020) Subjective
social status and health during high school and young adulthood.
Dev Psychol 56(6):1220-1232. https://doi.org/10.1037/dev00
00919

Singh-Manoux A (2003) Psychosocial factors and public health.
J Epidem Community Health. 57(8):553-556. https://doi.org/10.
1136/jech.57.8.553 (discussion 4-5)

Demakakos P, Nazroo J, Breeze E, Marmot M (2008) Socioeco-
nomic status and health: the role of subjective social status. Soc
Sci Med 67(2):330-340. https://doi.org/10.1016/j.socscimed.
2008.03.038

Marmot M, Wilkinson RG (2001) Psychosocial and material path-
ways in the relation between income and health: a response to
Lynch et al. BMJ 322(7296):1233-1236. https://doi.org/10.1136/
bmj.322.7296.1233

Demakakos P, Biddulph JP, de Oliveira C, Tsakos G, Marmot
MG (2018) Subjective social status and mortality: the English
Longitudinal Study of Ageing. Eur J Epidemiol 33(8):729-739.
https://doi.org/10.1007/s10654-018-0410-z

Scott KM, Al-Hamzawi AO, Andrade LH et al (2014) Associa-
tions between subjective social status and DSM-IV mental dis-
orders: results from the World Mental Health surveys. JAMA
Psychiat 71(12):1400-1408. https://doi.org/10.1001/jamapsychi
atry.2014.1337

Zhang F, Fung H, Kwok T (2019) Spouse’s subjective social status
predicts older adults’ prospective cognitive functioning. Aging
Ment Health 23(2):277-285. https://doi.org/10.1080/13607863.
2017.1406449

Zahodne LB, Kraal AZ, Sharifian N, Zaheed AB, Sol K (2019)
Inflammatory mechanisms underlying the effects of everyday dis-
crimination on age-related memory decline. Brain Behav Immun
75:149-154. https://doi.org/10.1016/j.bbi.2018.10.002
Neugroschl J, Davis KL (2002) Biological markers in Alzheimer
disease. Am J Geriatr Psychiatry 10(6):660-677

Tun PA, Miller-Martinez D, Lachman ME, Seeman T (2013)
Social strain and executive function across the lifespan: the dark
(and light) sides of social engagement. Neuropsychol Dev Cogn
B Aging Neuropsychol Cogn 20(3):320-338. https://doi.org/10.
1080/13825585.2012.707173

Friedman EM, Karlamangla AS, Almeida DM, Seeman TE (2012)
Social strain and cortisol regulation in midlife in the US. Soc Sci
Med 74(4):607-615. https://doi.org/10.1016/j.socscimed.2011.11.
003

Lachman ME (2003) Negative interactions in close relationships:
introduction to a special section. J Gerontol B Psychol Sci Soc Sci
58(2):P69

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Seeman TE, Crimmins E (2001) Social environment effects on
health and aging: integrating epidemiologic and demographic
approaches and perspectives. Ann NY Acad Sci 954:88-117.
https://doi.org/10.1111/§.1749-6632.2001.tb02749.x

Williams DR, John DA, Oyserman D, Sonnega J, Mohammed
SA, Jackson JS (2012) Research on discrimination and health:
an exploratory study of unresolved conceptual and measurement
issues. Am J Public Health 102(5):975-978. https://doi.org/10.
2105/AJPH.2012.300702

Paradies Y, Ben J, Denson N et al (2015) Racism as a determi-
nant of health: a systematic review and meta-analysis. PLoS ONE
10(9):e0138511. https://doi.org/10.1371/journal.pone.0138511
Pascoe EA, Smart RL (2009) Perceived discrimination and health:
a meta-analytic review. Psychol Bull 135(4):531-554. https://doi.
org/10.1037/a0016059

Zahodne LB, Manly JJ, Smith J, Seeman T, Lachman ME (2017)
Socioeconomic, health, and psychosocial mediators of racial
disparities in cognition in early, middle, and late adulthood.
Psychol Aging 32(2):118-130. https://doi.org/10.1037/pag00
00154

Hisler GC, Brenner RE (2019) Does sleep partially mediate the
effect of everyday discrimination on future mental and physical
health? Soc Sci Med 221:115-123. https://doi.org/10.1016/j.socsc
imed.2018.12.002

Fuller-Rowell TE, Curtis DS, Chae DH, Ryff CD (2018) Lon-
gitudinal health consequences of socioeconomic disadvantage:
Examining perceived discrimination as a mediator. Health Psychol
37(5):491-500. https://doi.org/10.1037/hea0000616

Krieger N (1999) Embodying inequality: a review of concepts,
measures, and methods for studying health consequences of dis-
crimination. Int J Health Serv 29(2):295-352. https://doi.org/10.
2190/M11W-VWXE-KQM9-G97Q

Noh S, Beiser M, Kaspar V, Hou F, Rummens J (1999) Perceived
racial discrimination, depression, and coping: a study of Southeast
Asian refugees in Canada. J Health Soc Behav 40(3):193-207
Barnes LL, Lewis TT, Begeny CT, Yu L, Bennett DA, Wilson RS
(2012) Perceived discrimination and cognition in older African
Americans. J Int Neuropsychol Soc 18(5):856-865. https://doi.
org/10.1017/S1355617712000628

Zunzunegui MV, Alvarado BE, Del Ser T, Otero A (2003) Social
networks, social integration, and social engagement determine
cognitive decline in community-dwelling Spanish older adults. J
Gerontol B Psychol Sci Soc Sci 58(2):S93-S100. https://doi.org/
10.1093/geronb/58.2.s93

Szanton SL, Rifkind JM, Mohanty JG et al (2012) Racial discrimi-
nation is associated with a measure of red blood cell oxidative
stress: a potential pathway for racial health disparities. Int J Behav
Med 19(4):489-495. https://doi.org/10.1007/s12529-011-9188-z
Zilioli S, Imami L, Ong AD, Lumley MA, Gruenewald T (2017)
Discrimination and anger control as pathways linking socioeco-
nomic disadvantage to allostatic load in midlife. J Psychosom Res
103:83-90. https://doi.org/10.1016/j.jpsychores.2017.10.002
Barnes LL, de Leon CF, Lewis TT, Bienias JL, Wilson RS, Evans
DA (2008) Perceived discrimination and mortality in a popula-
tion-based study of older adults. Am J Public Health 98(7):1241—
1247. https://doi.org/10.2105/AJPH.2007.114397

Avidor S, Ayalon L, Palgi Y, Bodner E (2017) Longitudinal
associations between perceived age discrimination and subjec-
tive well-being: variations by age and subjective life expectancy.
Aging Ment Health 21(7):761-765. https://doi.org/10.1080/13607
863.2016.1156050

Hughes TF, Andel R, Small BJ, Borenstein AR, Mortimer JA
(2008) The association between social resources and cog-
nitive change in older adults: evidence from the Charlotte
County Healthy Aging Study. J Gerontol B Psychol Sci Soc Sci
63(4):P241-P244. https://doi.org/10.1093/geronb/63.4.p241

@ Springer


https://doi.org/10.1001/jamaneurol.2017.1964
https://doi.org/10.1001/jamaneurol.2017.1964
https://doi.org/10.1186/s13195-016-0188-8
https://doi.org/10.1037/bul0000100
https://doi.org/10.1037/bul0000100
https://doi.org/10.1016/j.cortex.2016.04.023
https://doi.org/10.1016/j.cortex.2016.04.023
https://doi.org/10.1016/S0140-6736(20)30367-6
https://doi.org/10.1037/dev0000919
https://doi.org/10.1037/dev0000919
https://doi.org/10.1136/jech.57.8.553
https://doi.org/10.1136/jech.57.8.553
https://doi.org/10.1016/j.socscimed.2008.03.038
https://doi.org/10.1016/j.socscimed.2008.03.038
https://doi.org/10.1136/bmj.322.7296.1233
https://doi.org/10.1136/bmj.322.7296.1233
https://doi.org/10.1007/s10654-018-0410-z
https://doi.org/10.1001/jamapsychiatry.2014.1337
https://doi.org/10.1001/jamapsychiatry.2014.1337
https://doi.org/10.1080/13607863.2017.1406449
https://doi.org/10.1080/13607863.2017.1406449
https://doi.org/10.1016/j.bbi.2018.10.002
https://doi.org/10.1080/13825585.2012.707173
https://doi.org/10.1080/13825585.2012.707173
https://doi.org/10.1016/j.socscimed.2011.11.003
https://doi.org/10.1016/j.socscimed.2011.11.003
https://doi.org/10.1111/j.1749-6632.2001.tb02749.x
https://doi.org/10.2105/AJPH.2012.300702
https://doi.org/10.2105/AJPH.2012.300702
https://doi.org/10.1371/journal.pone.0138511
https://doi.org/10.1037/a0016059
https://doi.org/10.1037/a0016059
https://doi.org/10.1037/pag0000154
https://doi.org/10.1037/pag0000154
https://doi.org/10.1016/j.socscimed.2018.12.002
https://doi.org/10.1016/j.socscimed.2018.12.002
https://doi.org/10.1037/hea0000616
https://doi.org/10.2190/M11W-VWXE-KQM9-G97Q
https://doi.org/10.2190/M11W-VWXE-KQM9-G97Q
https://doi.org/10.1017/S1355617712000628
https://doi.org/10.1017/S1355617712000628
https://doi.org/10.1093/geronb/58.2.s93
https://doi.org/10.1093/geronb/58.2.s93
https://doi.org/10.1007/s12529-011-9188-z
https://doi.org/10.1016/j.jpsychores.2017.10.002
https://doi.org/10.2105/AJPH.2007.114397
https://doi.org/10.1080/13607863.2016.1156050
https://doi.org/10.1080/13607863.2016.1156050
https://doi.org/10.1093/geronb/63.4.p241

Social Psychiatry and Psychiatric Epidemiology

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Seeman TE, Lusignolo TM, Albert M, Berkman L (2001) Social
relationships, social support, and patterns of cognitive aging in
healthy, high-functioning older adults: MacArthur studies of suc-
cessful aging. Health Psychol 20(4):243-255. https://doi.org/10.
1037//0278-6133.20.4.243

Lachman ME, Agrigoroaei S, Tun PA, Weaver SL (2014) Moni-
toring cognitive functioning: psychometric properties of the brief
test of adult cognition by telephone. Assessment 21(4):404-417.
https://doi.org/10.1177/1073191113508807

Lachman ME, Agrigoroaei S, Murphy C, Tun PA (2010) Frequent
cognitive activity compensates for education differences in epi-
sodic memory. Am J Geriatr Psychiatry 18(1):4-10. https://doi.
org/10.1097/JGP.0b013e3181ab8b62

Schmidt M (1996) Rey auditory and verbal learning test. A hand-
book. In: Western Psychological Services. Los Angeles
Borkowski JG, Benton AL, Spreen O (1967) Word fluency and
brain damage. Neuropsychologia 5:135-140

Wechsler D (1997) WAIS-III administration and scoring manual.
The Psychological Corporation, San Antonio

Salthouse TA, Prill KA (1987) Inferences about age impairments
in inferential reasoning. Psychol Aging 2(1):43-51

Williams DR, Yan Y, Jackson JS, Anderson NB (1997) Racial
differences in physical and mental health: socio-economic status,
stress and discrimination. J Health Psychol 2(3):335-351. https://
doi.org/10.1177/135910539700200305

Kessler RC, Mickelson KD, Williams DR (1999) The prevalence,
distribution, and mental health correlates of perceived discrimina-
tion in the United States. J Health Soc Behav 40(3):208-230
Orgeta V, Mukadam N, Sommerlad A, Livingston G (2019) The
lancet commission on dementia prevention, intervention, and care:
a call for action. Ir J Psychol Med 36(2):85-88. https://doi.org/10.
1017/ipm.2018.4

Stern Y (2002) What is cognitive reserve? Theory and research
application of the reserve concept. J Int Neuropsychol Soc
8(3):448-460

Medaglia JD, Pasqualetti F, Hamilton RH, Thompson-Schill SL,
Bassett DS (2017) Brain and cognitive reserve: translation via
network control theory. Neurosci Biobehav Rev 75:53-64. https://
doi.org/10.1016/j.neubiorev.2017.01.016

Zahodne LB, Kraal AZ, Zaheed A, Sol K (2018) Subjective social
status predicts late-life memory trajectories through both men-
tal and physical health pathways. Gerontology 64(5):466-474.
https://doi.org/10.1159/000487304

Seeman TE, McEwen BS (1996) Impact of social environ-
ment characteristics on neuroendocrine regulation. Psychosom
Med 58(5):459-471. https://doi.org/10.1097/00006842-19960
9000-00008

McEwen BS, Eiland L, Hunter RG, Miller MM (2012) Stress
and anxiety: structural plasticity and epigenetic regulation as a
consequence of stress. Neuropharmacology 62(1):3—12. https://
doi.org/10.1016/j.neuropharm.2011.07.014

Doyle DM, Molix L (2016) Minority stress and inflammatory
mediators: covering moderates associations between perceived

@ Springer

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

discrimination and salivary interleukin-6 in gay men. ] Behav
Med 39(5):782-792. https://doi.org/10.1007/s10865-016-9784-0
Friedman EM, Williams DR, Singer BH, Ryff CD (2009) Chronic
discrimination predicts higher circulating levels of E-selectin
in a national sample: the MIDUS study. Brain Behav Immun
23(5):684—-692. https://doi.org/10.1016/j.bbi.2009.01.002
Bowman A (1989) Research perspectives on Black men: role
strain and adaptation across the adult life cycle. In: Jones RL (ed)
Black adult development and aging. Cobb & Henry, Berkeley, pp
117-150

Griffith DM, Metzl JM, Gunter K (2011) Considering intersec-
tions of race and gender in interventions that address US men’s
health disparities. Public Health 125(7):417-423. https://doi.org/
10.1016/j.puhe.2011.04.014

Lara E, Koyanagi A, Caballero F et al (2017) Cognitive reserve
is associated with quality of life: a population-based study. Exp
Gerontol 87:67-73. https://doi.org/10.1016/j.exger.2016.10.012
Negash S, Bennett DA, Wilson RS, Schneider JA, Arnold SE
(2011) Cognition and neuropathology in aging: multidimensional
perspectives from the Rush Religious Orders Study and Rush
Memory And Aging Project. Curr Alzheimer Res 8(4):336-340
Bennett DA, Buchman AS, Boyle PA, Barnes LL, Wilson RS,
Schneider JA (2018) Religious orders study and rush memory
and aging project. J Alzheimers Dis 64(s1):S161-S189. https://
doi.org/10.3233/JAD-179939

Furuyashiki T, Kitaoka S (2019) Neural mechanisms underlying
adaptive and maladaptive consequences of stress: roles of dopa-
minergic and inflammatory responses. Psychiatry Clin Neurosci.
https://doi.org/10.1111/pcn.12901

Berkman LF, Glass T, Brissette I, Seeman TE (2000) From social
integration to health: Durkheim in the new millennium. Soc Sci
Med 51(6):843-857

Lincoln KD (2000) Social support, negative social interactions,
and psychological well-being. Soc Serv Rev. 2:231-52

Rook KS (1984) The negative side of social inetraction: impact on
psychological well-being. J Pers Soc Psychol. 46(5):1097-1108
Sneed RS, Cohen S (2014) Negative social interactions and
incident hypertension among older adults. Health Psychol.
33(6):554-65

Yang HJ, WuJY, Huang SS, Lien MH, Lee TS (2014) Perceived
discrimination, family functioning, and depressive symptoms
among immigrant women in Taiwan. Arch Womens Ment Health.
17(5):359-66

Radler BT, Ryff CD (2010) Who participates? Accounting for
longitduinal rentention in the MIDUS national study of health
and well-being. J Aging Health 22(3):307-31

Lachman ME, Agrigoroaei S, Tun PA, Weaver SL (2014) Moni-
toring cognitive functioning: psychometric properties of the brief
test of adult cognition by telephone. Assessment 21(4):404—17
Hughes ML, Agrigoroaei S, Jeon M, Bruzzese M, Lachman ME
(2018) Change in Cognitive Performance From Midlife Into Old
Age: Findings from the Midlife in the United States (MIDUS)
Study. J Int Neuropsychol Soc. 24(8):805-20


https://doi.org/10.1037//0278-6133.20.4.243
https://doi.org/10.1037//0278-6133.20.4.243
https://doi.org/10.1177/1073191113508807
https://doi.org/10.1097/JGP.0b013e3181ab8b62
https://doi.org/10.1097/JGP.0b013e3181ab8b62
https://doi.org/10.1177/135910539700200305
https://doi.org/10.1177/135910539700200305
https://doi.org/10.1017/ipm.2018.4
https://doi.org/10.1017/ipm.2018.4
https://doi.org/10.1016/j.neubiorev.2017.01.016
https://doi.org/10.1016/j.neubiorev.2017.01.016
https://doi.org/10.1159/000487304
https://doi.org/10.1097/00006842-199609000-00008
https://doi.org/10.1097/00006842-199609000-00008
https://doi.org/10.1016/j.neuropharm.2011.07.014
https://doi.org/10.1016/j.neuropharm.2011.07.014
https://doi.org/10.1007/s10865-016-9784-0
https://doi.org/10.1016/j.bbi.2009.01.002
https://doi.org/10.1016/j.puhe.2011.04.014
https://doi.org/10.1016/j.puhe.2011.04.014
https://doi.org/10.1016/j.exger.2016.10.012
https://doi.org/10.3233/JAD-179939
https://doi.org/10.3233/JAD-179939
https://doi.org/10.1111/pcn.12901

	Social stress and risk of declining cognition: a longitudinal study of men and women in the United States
	Abstract
	Introduction
	Methods
	Sample
	Measures
	Statistical methods

	Results
	Sensitivity analyses

	Discussion
	References




