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Abstract

Introduction: The study objective was to investigate the association between loneli-

ness duration andmemory function over a 20-year period.

Methods: Data were from 9032 adults aged ≥50 in the Health and Retirement Study.

Loneliness status (yes vs. no) was assessed biennially from 1996 to 2004 and its dura-

tion was categorized as never, 1 time point, 2 time points, and ≥3 time points. Episodic

memory was assessed from 2004 to 2016 as a composite of immediate and delayed

recall trials combined with proxy-reported memory. Mixed-effects linear regression

models were fitted.

Results: A longer duration of loneliness was associated with lower memory scores

(P < 0.001) and a faster rate of decline (P < 0.001). The association was stronger

among adults aged ≥65 than those aged <65 (three-way interaction P = 0.013) and

was stronger amongwomen thanmen (three-way interaction P= 0.002).

Discussion:Cumulative loneliness may be a salient risk factor for acceleratedmemory

aging, especially amongwomen aged≥65.
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Highlight

∙ A longer duration of loneliness was associated with acceleratedmemory aging.

∙ The association was stronger among women than men and among older adults than

the younger.

∙ Reducing loneliness in mid- to late life may helpmaintain memory function.

1 BACKGROUND

Loneliness is thought to be a modifiable psychosocial risk factor for

poor cognitive health outcomes in later life, including increased risks
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of Alzheimer’s disease and related dementias (ADRD).1–8 As the sub-

jective experience of social isolation, loneliness is theorized to be an

adverse emotional state with the perception of unfulfilled personal

and social needs.9 The experience of loneliness could be persistent or
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time-varying, as it may be associated with individuals’ personal coping

strategies to stressful life events,10 and its health effects may accu-

mulate over time, leading to substantial heterogeneity in its putative

effects on cognitive health.11

Although there exists rich evidence on the association between

loneliness and cognitive health,1–8 most prior studies have measured

loneliness at a single time point.6,12,13 Results using this approach may

be subject to reverse causation: in addition to being a risk factor in its

own right, loneliness could also be part of a preclinical syndrome of

ADRD, whereby individuals may withdraw from their social networks

due to early cognitive symptoms, and thus experience loneliness.7,14–17

Although some studies have measured longitudinal loneliness trajec-

tories over short periods of time18 or simultaneously with cognitive

outcome trajectories,2,17,19 these short-term and synchronous mea-

sures of loneliness may not provide strong evidence regarding its

temporality of association with cognitive outcomes. Finally, it remains

unclear whether the cumulative effect of loneliness on cognitive aging

varies across the life span and sex identity, although existing research

has observed that the health effects of loneliness and subjective social

support were more exaggerated in later life compared to earlier in life,

and were stronger amongwomen thanmen.20,21

1.1 Study aims and hypotheses

This studyaimed to investigate theassociationbetween the cumulative

duration of loneliness over an 8-year exposure period and subsequent

memory aging over a 12-year follow-up among adults aged ≥50 in the

United States.We hypothesized that (1) a longer duration of loneliness

would be associated with lower subsequent memory function and a

faster rate of memory decline; (2) the association would be stronger

among adults aged ≥65 than among those aged <65, and stronger

among women than men, as older adults and women might require

additional social support and social engagement to reduce or prevent

feelings of loneliness.22,23

2 METHODS AND MATERIALS

2.1 Data sources and study design

Data were from biennial interviews in the US Health and Retirement

Study (HRS) from 1996 to 2016. The HRS is a population-based lon-

gitudinal household survey of >20,000 adults aged >50 in the United

States since 1992 and has been approved by the University of Michi-

gan Institutional Review Board in the United States (IRB number:

HUM0061128).24 HRS has used a mixed mode of interview design

since 2006. Half of the study sample aged <80 years is randomly

assigned to face-to-face interview and the other half is assigned to

telephone interview.25 Written informed consent was obtained from

all study participants. Patients and the public were not involved in

the design, or conduct, or reporting, or dissemination plans of our

research.

RESEARCH INCONTEXT

1. Systematic review: The authors reviewed the literature

using traditional (e.g., PubMed) sources. There were sev-

eral relevant citations regarding loneliness, measured at

single or two points in time, in relation to Alzheimer’s

disease and related dementias, which are appropriately

cited. However, there were few studies that investigated

the association between long-term duration of loneliness

and memory aging as well as limited evidence on the

effect modification by age and sex.

2. Interpretation: Long-term duration of loneliness may be

a salient risk factor for accelerated memory aging, espe-

cially among women aged 65 and over in the United

States.

3. Future directions: Themechanisms throughwhich cumu-

lative loneliness may affect memory function should be

investigated.

The current study is a prospective cohort study with loneliness

measured biennially from 1996 to 2004 (five waves) and the memory

outcome assessed biennially from 2004 to 2016 (seven waves). Indi-

viduals aged ≥50 in 1996 with complete loneliness data from 1996 to

2004 and memory scores in at least 2004 were eligible for inclusion. A

total of 9032 adults were included in the analyses, contributing 46,890

outcome observations from 2004 to 2016 (Figure S1 in supporting

information).

2.2 Measures

2.2.1 Exposure: duration of loneliness from 1996
to 2004

At each biennial interview wave, individuals were asked to answer

the question “Do you feel lonely?” (yes vs. no), which is an item from

the eight-item Center for Epidemiologic Studies Depression (CES-D)

scale.26,27 We classified individuals according to duration of loneliness

over the fiveHRSwaves from1996 to2004: 0 timepoints, 1 timepoint,

2 time points, and ≥3 time points. We combined individuals experienc-

ing loneliness at 3 time points (n = 525), 4 time points (n = 344), and 5

time points (n= 200) because of the limited number experiencing each

of these durations.

2.2.2 Outcome: composite memory z-scores from
2004 to 2016

At each biennial interview wave, episodic memory was assessed as

immediate and delayed recall of a 10-word list read out loud by
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the interviewer.28 For HRS participants who were too impaired to

directly participate in study interviews, memory was assessed in a

proxy interview with a family member or friend to assess respon-

dents’ overall memory.28 Proxy respondents were asked to answer

the question “How would you rate the participant’s memory at the

present time?” (excellent, very good, good, fair, or poor).28 We used

an imputed composite memory score incorporating both the direct

memory assessments and proxy memory assessments.29 This imputed

memory score has previously been validated and minimizes potential

selection bias, as it allows for the retention of proxy participants in the

analysis, who are the most cognitively impaired.29,30 A total of 3.61%

of the analytic sample (1693 observations) used proxy interviews from

2004 to 2016. We standardized imputed composite memory scores

(range: −2.13 to 2.33) during the follow-up period from 2004 to 2016

according to its mean (0.94) and standard deviation (SD; 0.65) in 2004.

2.2.3 Covariates in 1996

We included the following baseline covariates as potential

confounders.2,6,18 Sociodemographic characteristics included age

(in years), sex (female vs. male), race (White; Black; other/unknown),

marital status (partnered; separated/divorce; widowed; never mar-

ried), education (less than high school; general education diploma;

high school; some college; college and above), employment status

(working for pay; not working for pay; unknown), and household

wealth (in quintiles). We measured objective social isolation (range:

0 to 5) by assigning one point if the respondent answered “no”, “never,”

or “zero” to each of the following questions: (a) “How many persons

are living in the household?”; (b) “Do you have any good friends in your

neighborhood?”; (c) “Do you have any relatives in your neighborhood?”;

(d) “How often do you do volunteer work for religious or other charita-

ble organizations?”; and (e) “How often do you get together with any

of your neighbors just to chat or for a social visit?”31,32 We assessed

individuals’ depressive symptoms using the CES-D scores (range: 0 to

7, excluding the loneliness item score).12 Finally, physical disability was

measured using Activities of Daily Living (ADL, range: 0 to 5) limitation

scores by assessing difficulty with bathing, eating, dressing, walking

across a room, and getting in or out of bed (yes/no for each).

2.3 Statistical analysis

Descriptive analyses including analysis of variance, Pearson chi-square

test, and Kruskal-Wallis rank-sum tests were conducted to com-

pare baseline characteristics by the duration of loneliness. We fitted

mixed-effects linear regression models with person-specific random

intercepts and slopes to investigate the association of loneliness dura-

tion with subsequent composite memory z-scores in 2004 and rate

of decline from 2004 to 2016 by including a statistical interaction

term between duration of loneliness and years of follow-up (range:

0 to 12).33 To test effect modification by age and sex, we repeated

the analyses and included a three-way interaction term between lone-

liness duration, years of follow-up, and each of age (≥65; <65) and

sex (female; male). We then conducted age- and sex-specific sub-

group analyses to directly present the differences. Last, we tested the

non-linear rate of decline in composite memory z-scores over time

by including a squared term for years of follow-up, which was sta-

tistically significant (P < 0.001) and therefore was included in the

analyses. Three sets of models were performed to sequentially control

for (1) baseline age, sex, marital status, race, education, employment

status, and household wealth; (2) objective social isolation index; and

(3) CES-D scores and ADL scores.

We conducted five sensitivity analyses. First, we performed

attrition-weighted modeling analyses by creating inverse probabil-

ity weights of censoring and mortality to account for differential

attrition.34 Second, we repeated the modeling analyses restricting to

individuals in the top 50th percentile of composite memory z-scores in

1996 to help rule out reverse causation between loneliness duration

and memory function. Third, we additionally controlled for compos-

ite memory z-scores at baseline to help rule out reverse causation,

although these model sets may be over-adjusted as baseline memory

function could be affected by prior existing loneliness status and thus

lie on the causal pathway. Fourth, we repeated the analyses restrict-

ing to participants without depression at baseline, defined as having

a CES-D score lower than 3, to rule out any effect of pre-existing

depression.8,19 Last, we repeated the analyses with inverse probability

treatment weights to account for time-varying confounders that may

also be mediators of the relationship between loneliness and memory

aging (details in eMethod in supporting information).35,36

This report followed the STROBE (Strengthening Reporting of

Observational Studies in Epidemiology) reporting guideline for cohort

studies. All analyses were performedwith Stata/SE 17.0 (StataCorp).

3 RESULTS

We included 9032 participants (mean [SD] age 63.99 [8.62]) with

a 10-year median follow-up from 2004 to 2016 (Table 1). A total

of 62.51% (5646/9032) of the study sample were women and

84.53% (7635/9032) were White. A total of 61.04% of partici-

pants (5514/9032) were never lonely from 1996 to 2004, 17.99%

(1624/9032) experienced loneliness at one point in time, 9.13%

(825/9032) experienced loneliness at two points in time, and 11.84%

(1069/9032) experienced loneliness at three and over points in time

(Table 1). Participants with a longer duration of loneliness had lower

composite memory z-scores (P < 0.001), higher-level objective social

isolation (P < 0.001), higher CES-D scores (P < 0.001), and higher

ADL scores (P < 0.001) at baseline than non-lonely adults (Table 1).

As shown in Table 1, they were also more likely to be older (P <

0.001), women (P < 0.001), Black (P < 0.001), and not working for

pay (P < 0.001). The retention distribution of participants by dura-

tion of loneliness during the follow-up period from 2004 to 2016 is

provided in Table S1 in supporting information. Baseline characteris-

tics of included and excluded participants are provided in Table S2 in

supporting information.
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TABLE 1 Baseline characteristics by duration of loneliness among 9032 participants, the USHealth and Retirement Study, 1996 to 2016

Duration of loneliness

Characteristics

Total

(N= 9032)

Never

(n= 5514)

1 time point

(n= 1624)

2 time points

(n= 825)

≥3 time points

(n= 1069) P value

Compositememory z-scores, mean (SD) 0.40 (0.52) 0.44 (0.47) 0.38 (0.56) 0.31 (0.60) 0.24 (0.64) <0.001a

Age, mean (SD) 63.99 (8.62) 63.20 (8.11) 64.44 (8.81) 65.84 (9.56) 65.92 (9.52) <0.001a

Age, median 62 61 62 63 63

Age, range 50–95 50–94 50–91 50–90 50–95

Men (vs. women), n (%) 3386 (37.49) 2350 (42.62) 528 (32.51) 241 (29.21) 267 (24.98) <0.001b

Race, n (%) <0.001b

White 7635 (84.53) 4839 (87.76) 1339 (82.45) 655 (79.39) 802 (75.02)

Black 1155 (12.79) 548 (9.94) 238 (14.66) 144 (17.45) 225 (21.05)

Other/Unknown 242 (2.68) 127 (2.30) 47 (2.89) 26 (3.15) 42 (3.93)

Marital status, n (%) <0.001b

Partnered 6606 (73.14) 4424 (80.23) 1132 (69.70) 521 (63.15) 529 (49.49)

Separated/divorce 897 (9.93) 420 (7.62) 189 (11.64) 90 (10.91) 198 (18.52)

Widowed 1287 (14.25) 533 (9.67) 255 (15.70) 191 (23.15) 308 (28.81)

Never married 242 (2.68) 137 (2.48) 48 (2.96) 23 (2.79) 34 (3.18)

Employment status, n (%) <0.001c

Not working for pay 4797 (53.11) 2615 (47.42) 907 (55.85) 530 (64.24) 745 (69.69)

Working for pay 4228 (46.81) 2897 (52.54) 715 (44.03) 295 (35.76) 321 (30.03)

Unknown 7 (0.08) 2 (0.04) 2 (0.12) - 3 (0.28)

Education, n (%) <0.001c

Less than high school 2116 (23.43) 995 (18.04) 403 (24.82) 266 (32.24) 452 (42.28)

General education diploma 407 (4.51) 223 (4.04) 80 (4.93) 52 (6.30) 52 (4.86)

High school 3047 (33.74) 1885 (34.19) 541 (33.31) 284 (34.42) 337 (31.52)

Some college 1792 (19.84) 1182 (21.44) 328 (20.20) 128 (15.52) 154 (14.41)

College and above 1670 (18.49) 1229 (22.29) 272 (16.75) 95 (11.52) 74 (6.92)

Household wealth (in quintile), n (%) <0.001c

1st (the poorest) 1369 (15.16) 557 (10.10) 286 (17.61) 184 (22.30) 342 (31.99)

2nd 1738 (19.24) 945 (17.14) 342 (21.06) 182 (22.06) 269 (25.16)

3rd 1876 (20.77) 1174 (21.29) 336 (20.69) 164 (19.88) 202 (18.90)

4th 1987 (22.00) 1353 (24.54) 334 (20.57) 160 (19.39) 140 (13.10)

5th (the richest) 2062 (22.83) 1485 (26.93) 326 (20.07) 135 (16.36) 116 (10.85)

Objective social isolation index, mean (SD) 2.20 (1.07) 2.14 (1.06) 2.27 (1.11) 2.24 (1.03) 2.42 (1.06) <0.001a

CES-D score, mean (SD) 1.02 (1.57) 0.55 (1.00) 1.16 (1.53) 1.69 (1.88) 2.74 (2.22) <0.001a

ADL score, mean (SD) 0.17 (0.59) 0.09 (0.41) 0.21 (0.66) 0.27 (0.75) 0.44 (0.94) <0.001a

Note:
aANOVA.
bPearson chi-square test.
cKruskal-Wallis rank-sum tests.

Missing values on baseline marital status (n= 23) were filled with data from 1992–1994. A total of 4914 individuals (54.41%) had missing values on at least

one of the five objective social isolation items, which were imputedwith data from 1998–2004.

Abbreviations: ADL, Activities of Daily Living; ANOVA, analysis of variance; CES-D, Center for Epidemiologic Studies–Depression; SD, standard deviation.

Table 2 provides regression estimates and 95% confidence intervals

(CIs) for the association between duration of loneliness and memory

function and decline. A longer duration of loneliness over the period

from 1996 to 2004 was associated with lower memory function in

2004 (Models 1–3 P trend P < 0.001) and a faster rate of subsequent

decline from 2004 to 2016 (Models 1–3 P trend p < 0.001; Table 2).

The average annual rate of decline in compositememory z-scores from

2004 to 2016 for those who never experienced loneliness was 0.087
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TABLE 2 Multivariable mixed effects linear regression analyses of the association between duration of loneliness from 1996 to 2004 and
memory function and rate of decline from 2004 to 2016, the USHealth and Retirement Study,N= 9,032

Model 1 Model 2 Model 3

Characteristics β (95%CI) P β (95%CI) P β (95%CI) P

Year −0.063 (−0.067 to−0.059) <0.001 −0.063 (−0.067 to−0.059) <0.001 −0.063 (−0.067 to−0.059) <0.001

Year2 −0.002 (−0.002 to−0.002) <0.001 −0.002 (−0.002 to−0.002) <0.001 −0.002 (−0.002 to−0.002) <0.001

Duration of loneliness

Never ref. ref. ref.

One time point −0.019 (−0.045 to 0.006) 0.131 −0.016 (−0.042 to 0.009) 0.204 −0.014 (−0.040 to 0.011) 0.278

Two time points −0.049 (−0.082 to−0.015) 0.005 −0.044 (−0.078 to−0.010) 0.011 −0.040 (−0.075 to−0.005) 0.024

≥Three time points −0.089 (−0.121 to−0.058) <0.001 −0.083 (−0.114 to−0.051) <0.001 −0.075 (−0.109 to−0.041) <0.001

P trend <0.001 <0.001 <0.001

Year×Duration of loneliness

One time point −0.014 (−0.020 to−0.008) <0.001 −0.014 (−0.020 to−0.008) <0.001 −0.014 (−0.020 to−0.008) <0.001

Two time points −0.028 (−0.036 to−0.020) <0.001 −0.028 (−0.036 to−0.020) <0.001 −0.028 (−0.036 to−0.020) <0.001

≥Three time points −0.035 (−0.042 to−0.028) <0.001 −0.035 (−0.042 to−0.027) <0.001 −0.035 (−0.042 to−0.027) <0.001

P trend <0.001 <0.001 <0.001

Note:
Model 1 adjusted for baseline age, sex, race, marital status, education, employment status, and household wealth.

Model 2 adjusted for baseline age, sex, race, marital status, education, employment status, household wealth, and objective social isolation index.

Model 3 adjusted for baseline age, sex, race, marital status, education, employment status, household wealth, objective social isolation index, CES-D scores,

and ADL scores.

Abbreviations: ADL, Activities of Daily Living; CES-D, Center for Epidemiologic Studies–Depression; CI, confidence interval.

SD units per year (years of follow-up: β = −0.063, 95% CI: −0.067

to −0.059, P < 0.001; the squared term for years of follow-up: β =
−0.002, 95% CI: −0.002 to −0.002). The experience of loneliness at 1

time point, 2 time points, and≥3 time points were, respectively, associ-

ated with an additional 0.014 (95% CI:−0.020 to−0.008), 0.028 (95%

CI: −0.036 to −0.020), and 0.035 (95% CI: −0.042 to −0.027) SD unit

decline, indicating a dose-response relationship (Table 2; Figure 1).

Table 3 and Figure 2 provide age-specific estimateswith 95%CIs for

differences in composite memory z-scores in 2004 and annual rate of

decline from 2004 to 2016 by duration of loneliness. A longer dura-

tion of loneliness was associated with worse memory function in 2004

among adults aged 50 to 64 (P trend P= 0.042) and those aged 65 and

over (P trend P < 0.001; Model 3), while the association was stronger

among adults aged ≥65 than those aged 50 to 64 (interaction between

duration of loneliness and baseline age P trend P < 0.001). The aver-

age annual rate of memory decline for non-lonely older adults aged

≥65 during the 12-year follow-up period was 0.168 SD units (years

of follow-up: β = −0.120, 95% CI: −0.130 to −0.110; the squared

term for years of follow-up: β = −0.004, 95% CI: −0.004 to −0.003;

Model 3). Those who experienced loneliness at 1 time point, 2 time

points, and ≥3 time points had an additional 0.022 (95% CI: −0.036 to

−0.008), 0.038 (95%CI:−0.056 to−0.021), and 0.036 (95%CI:−0.052

to −0.020) SD unit decline per year among older adults aged 65 and

over, while the association was weaker among participants aged 50

to 64 (three-way interaction term P trend = 0.013, Model 3, Table 3,

Figure 2).

Table 4 and Figure 2 provide sex-specific estimates with 95%CIs for

differences in composite memory z-scores in 2004 and annual rate of

decline from 2004 to 2016 by duration of loneliness. The association

between duration of loneliness andmemory function in 2004was simi-

lar amongmen andwomen (interaction between duration of loneliness

and sexP trendP=0.189 inModel 3). Themagnitudeof annualmemory

decline among non-lonely adults was also similar among women and

men (P trend for interactionbetweenyear and sex=0.486). Theexperi-

ence of loneliness at 1 time point, 2 time points, and≥3 time pointswas

associated with additional 0.017 (95% CI: −0.025 to −0.009), 0.034

(95% CI: −0.045 to −0.024), 0.040 (95% CI: −0.05 to −0.031) SD unit

annual decline amongwomen,while estimates for the additional rate of

decline by duration of lonelinesswere comparatively lower amongmen

(1 time point: −0.007 SD unit, 95% CI: −0.015 to 0.001; 2 time points:

−0.011 SD unit, 95% CI: −0.023 to 0.001; ≥3 time points: −0.016 SD

unit, 95% CI: −0.028 to −0.004; three-way interaction P trend P =

0.002, as shown inModel 3, Table 4 and Figure 2).

Results from the sensitivity analyses supported our main findings.

Results fromattrition-weightedmodeling analyses yieldednearly iden-

tical estimates to the main analyses, although the 95% CIs for the

three-way interaction term for duration of loneliness, years of follow-

up, and baseline age were wider, likely due to the reduced statistical

power imposed by attrition weights (Table S3 in supporting informa-

tion). Results from the modeling analyses restricted to individuals in

the upper 50th percentile of memory z-scores at baseline (Table S4 in

supporting information, n = 4,520) and those additionally controlling

 15525279, 2023, 2, D
ow

nloaded from
 https://alz-journals.onlinelibrary.w

iley.com
/doi/10.1002/alz.12734 by South A

frican M
edical R

esearch, W
iley O

nline L
ibrary on [05/02/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



YU ET AL. 583

−
2

−
1.

5
−

1
−

.5
0

E
st

im
at

ed
 c

om
po

si
te

 m
em

or
y 

z−
sc

or
es

2004 2006 2008 2010 2012 2014 2016
Year

Never One time point Two time points ≥Three time points

Duration of loneliness

F IGURE 1 Predicted composite memory z-scores from 2004 to 2016 by duration of loneliness, the USHealth and Retirement Study.
Note: Composite memory z-scores (standard deviation units) are predicted by estimates inModel 3 in Table 2. Covariates inModel 3 were set to
the following values: age 63 years, male, partnered,White, less than high school, second quintile of household wealth, objective social isolation
index= 1, Center for Epidemiologic Studies–Depression score= 1, and Activities of Daily Living score= 1.
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Study. Note: Panel A: Predicted composite memory z-scores (standard deviation [SD] units) from 2004 to 2016 by duration of loneliness and
baseline age. Composite memory z-scores are predicted using estimates from the fully adjusted pooledmodel with a three-way interaction term
between duration of loneliness, year, and baseline age (50 to 64 vs.≥65) in Table 3. Covariates were set to the following values: baseline age (60 for
the age<65 group; 70 for the age≥65 group), male, partnered,White, less than high school, second quintile household wealth, objective social
isolation index= 1, Center for Epidemiologic Studies–Depression (CES-D) score= 1, and Activities of Daily Living (ADL) score= 1. Panel B:
Predicted composite memory z-scores (SD units) from 2004 to 2016 by duration of loneliness and sex. Composite memory z-scores are predicted
using estimates from the fully adjusted pooledmodel with a three-way interaction term between duration of loneliness, year, and sex in Table 4.
Covariates were set to the following values: age 63 years, partnered,White, less than high school, 2nd quintile household wealth, objective social
isolation index= 1, CES-D score= 1, and ADL score= 1.
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584 YU ET AL.

TABLE 3 Age-specific multivariable-adjustedmixed-effects linear regression analyses of the association between duration of loneliness from
1996 to 2004 andmemory function and rate of decline from 2004 to 2016, the USHealth and Retirement Study

Model 1 Model 2 Model 3

Characteristics β (95%CI) P β (95%CI) P β (95%CI) P

Baseline age 50–64 (n= 5761)

Year −0.036 (−0.039 to−0.032) <0.001 −0.035 (−0.039 to−0.032) <0.001 −0.036 (−0.039 to−0.032) <0.001

Year2 −0.002 (−0.003 to−0.002) <0.001 −0.002 (−0.003 to−0.002) <0.001 −0.002 (−0.003 to−0.002) <0.001

Duration of loneliness

Never ref. ref. ref.

One time point −0.018 (−0.036 to 0.001) 0.051 −0.017 (−0.035 to−0.001) 0.071 −0.012 (−0.030 to 0.007) 0.207

Two time points −0.015 (−0.041 to 0.010) 0.236 −0.014 (−0.039 to 0.012) 0.290 −0.005 (−0.031 to 0.022) 0.736

≥Three time points −0.051 (−0.075 to−0.027) <0.001 −0.048 (−0.073 to−0.024) <0.001 −0.030 (−0.057 to−0.004) 0.026

P trend <0.001 <0.001 0.042

Year×Duration of loneliness

One time point −0.010 (−0.015 to−0.005) <0.001 −0.010 (−0.015 to−0.005) <0.001 −0.010 (−0.015 to−0.005) <0.001

Two time points −0.016 (−0.023 to−0.009) <0.001 −0.016 (−0.023 to−0.009) <0.001 −0.016 (−0.023 to−0.009) <0.001

≥Three time points −0.024 (−0.031 to−0.017) <0.001 −0.024 (−0.031 to−0.017) <0.001 −0.024 (−0.031 to−0.017) <0.001

P trend <0.001 <0.001 <0.001

Baseline age≥65 (n= 3,271)

Year −0.120 (−0.131 to−0.110) <0.001 −0.120 (−0.130 to−0.110) <0.001 −0.120 (−0.130 to−0.110) <0.001

Year2 −0.004 (−0.004 to−0.003) <0.001 −0.004 (−0.004 to−0.003) <0.001 −0.004 (−0.004 to−0.003) <0.001

Duration of loneliness

Never ref. ref. ref.

One time point −0.029 (−0.087 to 0.029) 0.327 −0.027 (−0.084 to 0.031) 0.366 −0.024 (−0.083 to 0.034) 0.410

Two time points −0.083 (−0.155 to−0.011) 0.024 −0.079 (−0.151 to−0.007) 0.031 −0.075 (−0.148 to−0.002) 0.044

≥Three time points −0.159 (−0.225 to−0.094) <0.001 −0.155 (−0.221 to−0.089) <0.001 −0.146 (−0.217 to−0.076) <0.001

P trend <0.001 <0.001 <0.001

Year×Duration of loneliness

One time point −0.022 (−0.036 to−0.009) 0.002 −0.022 (−0.036 to−0.008) 0.002 −0.022 (−0.036 to−0.008) 0.002

Two time points −0.038 (−0.056 to−0.020) <0.001 −0.038 (−0.056 to−0.020) <0.001 −0.038 (−0.056 to−0.021) <0.001

≥Three time points −0.036 (−0.052 to−0.020) <0.001 −0.036 (−0.052 to−0.020) <0.001 −0.036 (−0.052 to−0.020) <0.001

P trend <0.001 <0.001 <0.001

P trend (Year×Baseline age)* <0.001 <0.001 <0.001

P trend (Duration of loneliness× Baseline age)* <0.001 <0.001 <0.001

P trend (Year×Duration of loneliness×Baseline

age)*

0.015 0.014 0.013

Note: * P values were derived from pooledmodels.

Model 1 adjusted for baseline age (in years), sex, race, marital status, education, employment status, and household wealth.

Model 2 adjusted for baseline age (in years), sex, race, marital status, education, employment status, household wealth, and objective social isolation index.

Model 3 adjusted for baseline age (in years), sex, race,marital status, education, employment status, householdwealth, objective social isolation index, CES-D

scores, and ADL scores.

Abbreviations: ADL, Activities of Daily Living; CES-D, Center for Epidemiologic Studies–Depression; CI, confidence interval.

for baseline composite memory z-scores (Table S5 in supporting infor-

mation) were negligibly different from the main findings, suggesting

that reverse causation is unlikely. Results from analyses restricted to

individuals with CES-D scores <3 (n = 7,702) were similar to our main

findings (Table S6 in supporting information), suggesting that our mea-

sure of loneliness does not simply reflect depressive symptoms. Finally,

models with inverse probability treatment weights generated similar

results with main findings (Table S7 in supporting information). Esti-

mates for the three-way interaction term between age, duration of

loneliness, and years of follow-up from these models were in the same

direction but imprecise, likely due to the increased variance imposed

byweighting (Table S7).
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TABLE 4 Sex-specific multivariable-adjustedmixed-effects linear regression analyses of the association between duration of loneliness from
1996 to 2004 andmemory function and rate of decline from 2004 to 2016, the USHealth and Retirement Study

Model 1 Model 2 Model 3

Characteristics β (95%CI) P β (95%CI) P β (95%CI) P

Women (n= 5,646)

Year −0.060 (−0.066 to−0.055) <0.001 −0.060 (−0.066 to−0.054) <0.001 −0.060 (−0.066 to−0.054) <0.001

Year2 −0.003 (−0.003 to−0.002) <0.001 −0.003 (−0.003 to−0.002) <0.001 −0.003 (−0.003 to−0.002) <0.001

Duration of loneliness

Never ref. ref. ref.

One time point −0.010 (−0.044 to 0.023) 0.534 −0.008 (−0.041 to 0.025) 0.629 −0.006 (−0.039 to 0.028) 0.733

Two time points −0.040 (−0.084 to 0.003) 0.068 −0.037 (−0.080 to 0.007) 0.097 −0.032 (−0.077 to 0.012) 0.150

≥Three time points −0.091 (−0.130 to−0.051) <0.001 −0.085 (−0.125 to−0.046) <0.001 −0.077 (−0.120 to−0.034) <0.001

P trend <0.001 <0.001 0.001

Year×Duration of loneliness

One time point −0.017 (−0.025 to−0.010) <0.001 −0.017 (−0.025 to−0.009) <0.001 −0.017 (−0.025 to−0.009) <0.001

Two time points −0.035 (−0.045 to−0.024) <0.001 −0.034 (−0.045 to−0.024) <0.001 −0.034 (−0.045 to−0.024) <0.001

≥Three time points −0.040 (−0.050 to−0.031) <0.001 −0.040 (−0.050 to−0.031) <0.001 −0.040 (−0.050 to−0.031) <0.001

P trend <0.001 <0.001 <0.001

Men (n= 3,386)

Year −0.069 (−0.075 to−0.063) <0.001 −0.069 (−0.074 to−0.063) <0.001 −0.069 (−0.074 to−0.063) <0.001

Year2 −0.001 (−0.002 to−0.001) <0.001 −0.001(−0.002 to−0.001) <0.001 −0.001(−0.002 to−0.001) <0.001

Duration of loneliness

Never ref. ref. ref.

One time point −0.041 (−0.080 to−0.003) 0.036 −0.037 (−0.075 to 0.002) 0.063 −0.034 (−0.073 to 0.005) 0.092

Two time points −0.073 (−0.127 to−0.018) 0.009 −0.066 (−0.121 to−0.012) 0.017 −0.061 (−0.116 to−0.005) 0.032

≥Three time points −0.098 (−0.152 to−0.044) <0.001 −0.090 (−0.144 to−0.035) 0.001 −0.079 (−0.137 to−0.020) 0.008

P trend <0.001 <0.001 0.001

Year×Duration of loneliness

One time point −0.007 (−0.015 to 0.001) 0.089 −0.007 (−0.015 to 0.001) 0.089 −0.007 (−0.015 to 0.001) 0.089

Two time points −0.012 (−0.023 to−0.001) 0.047 −0.011 (−0.023 to 0.001) 0.051 −0.011 (−0.023 to 0.001) 0.051

≥Three time points −0.016 (−0.028 to−0.004) 0.008 −0.016 (−0.028 to−0.004) 0.008 −0.016 (−0.028 to−0.004) 0.008

P trend 0.001 0.001 0.001

P trend (Year× Sex)* 0.475 0.486 0.486

P trend (Duration of loneliness× Sex)* 0.182 0.200 0.189

P trend (Year×Duration of loneliness× Sex)* 0.002 0.002 0.002

Note: * P values were derived from pooledmodels.

Model 1 adjusted for baseline age, race, marital status, education, employment status, and household wealth.

Model 2 adjusted for baseline age, race, marital status, education, employment status, household wealth, and objective social isolation index.

Model 3 adjusted for baseline age, race, marital status, education, employment status, household wealth, objective social isolation index, CES-D scores, and

ADL scores.

Abbreviations: ADL, Activities of Daily Living; CES-D, Center for Epidemiologic Studies–Depression; CI, confidence interval.

4 DISCUSSION

In this population-based, prospective cohort of 9032 middle-aged and

older adults in the United States, cumulative loneliness over an 8-

year exposure period was associated with accelerated memory aging

during the subsequent 12-year follow-up, indicating a dose–response

relationship. The observed association was modified by age and sex,

suggesting that ameliorating loneliness status in mid- to late life

may help delay memory aging, especially among women aged 65 and

over.

4.1 Comparison to existing studies

Our findings are consistent with existing studies demonstrating the

role of loneliness as a potential risk factor for cognitive aging.4,17–19
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586 YU ET AL.

This study contributes to the existing literature by measuring the

duration of loneliness over a sustained mid- to late life period, thus

providing additional support for a causal relationship. Biological plau-

sibility for the observed association is strong: the sustained experience

of loneliness may induce emotional stress, anger, and anxiety,37 result-

ing in unhealthy coping behaviors such as alcohol consumption,38

physical inactivity,39 smoking,40 and sleep fragmentation,41 thus lead-

ing to increased risks of hypertension,42 stroke,43 heart disease,43

depressive symptoms,44 and amyloid beta (Aβ) deposition.45,46 These

are all important predictors of risks for dementias and accelerated

cognitive aging among older adults.47,48

Consistent with our second hypothesis, we found that the associa-

tion of loneliness with memory aging was stronger among adults aged

65 and over than among those aged under 65. This finding is in line

with existing studies indicating that loneliness exacerbates age-related

differences in evaluated systolic blood pressure and cardiovascular

risk.49,50 Notably, our findings are contradictory to existing research

indicating that the association between loneliness and dementia risk

becomes weaker in magnitude with older age.12 One potential expla-

nation for this heterogeneity is that our study applied validated

compositememory z-scores that ensured the inclusionof themost cog-

nitively impaired older adults to minimize potential selection bias in

our findings.29 However, these inconsistent findingsmayalso indicate a

domain-specific association between loneliness and cognitive function,

which requires further investigation.

Our observed effect modification by sex is consistent with several

studies demonstrating the effects of loneliness on mental health are

greater among women than men.51,52 Gender roles and social norms,

such as the expectations and demands of social relationships where

women tend tohave larger andmoremultifaceted social networks than

men,maymakewomen less likely to feel lonely thanmen, butmore vul-

nerable once experiencing cumulative loneliness.21,23,51,52 However,

existing studies focusing on the sex-specific association between lone-

liness and cognitive function have yielded inconsistent findings.12,53

One prior population-based study in China found that the experi-

ence of loneliness was associated with a greater risk of dementia

among men than women,53 while another study in the United States

suggested no sex-specific effects of loneliness on global cognitive

performance.12 The inconsistency between these findings and ours

could be attributable to population differences in the effects of lone-

liness on cognitive aging, but could also be due to the use of different

measuresof loneliness exposureor systematicmeasurementerror that

may vary across populations whereby men may be more reluctant to

admit loneliness than women due to fear of social stigma.54 Further

research is warranted from diverse populations in which the cultural

meaning and experience of loneliness and its subsequent effects on

cognitive agingmay vary.

4.2 Limitations and strengths

This study has limitations. First, as we did not employ the three-item

University of California Los Angeles loneliness scale because of limita-

tions in its use in the 1992 to 2000 HRS datasets,55 our use of a single

item to assess loneliness may result in measurement error. However,

this itemhas been validated as part of a larger depression scale and our

use of repeated measures of loneliness over an 8-year period helps to

minimizewithin-person variance in loneliness exposure. Second, selec-

tion bias may exist as we required participants to survive and to have

been retained in the HRS from 1996 through 2004 to have complete

five-wave data on loneliness. This may have led to our results under-

estimating the true magnitude of association, as older adults with a

longer duration of loneliness andwith lowermemory function could be

more likely to have died or dropped out of the study during the expo-

sure period. Third, there could be residual confounding by objective

social isolation, as there is no singlewell-acceptedmeasureof objective

social isolation. We incorporated multiple measures capturing differ-

ent forms of social connections to measure and adjust for objective

social isolation as best as possible. Moreover, just over half of partici-

pants (54%) hadmissing values on at least one objective social isolation

item and these values were imputed in later waves (1998 to 2004),

possibly leading to over-adjustment and attenuation of estimates in

Models 2 and 3.

To the best of our knowledge, this is one of the first studies to mea-

sure cumulative duration of loneliness over an 8-year period in mid- to

late life in relation to memory aging. We investigated this association

overall and by age and sex. The observed dose–response association

between loneliness duration andmemory aging indicates the potential

for a biological link between the psychological experience of loneliness

andmemory function, which should be further investigated. Our sensi-

tivity analyses restricted to cognitively healthy individuals at baseline

help to rule out reverse causation, adding support for a potential causal

relationship to the literature on this topic.

4.3 Conclusion

In this population-based cohort study of middle-aged and older adults

in the United States, cumulative duration of loneliness in mid- to

late life may be a salient risk factor for accelerated memory aging,

especially among women aged 65 and over. Further research from

diverse populations to investigate underlying biological mechanisms is

warranted.
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