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Abstract

Background and Objectives: Loneliness is associated with frailty among older adults (60+), and there is evidence suggesting that this associ-
ation may be bidirectional. However, there is limited evidence of this relationship over time among middle-aged and aging sexual minority men.
We explored the bidirectional relationship between loneliness and frailty over 2 years among sexual minority men living with or without human
immunodeficiency virus (HIV) from the Healthy Aging substudy of the Multicenter AIDS Cohort Study.

Research Design and Methods: \We used data from 1 118 men (561 living with HIV; 557 living without HIV) aged 40 years or older with mea-
surement of frailty or loneliness at Times 1 (September 2016 to March 2017) and 2 (September 2018 to March 2019). Descriptive statistics were
generated. We used autoregressive cross-lagged panel analysis to examine the bidirectional association between frailty and loneliness at both
time points while adjusting for time-stable and time-dependent covariates at Time 1. Adjusted odds ratios (aORs) and 95% confidence intervals
(Cls) were generated.

Results: The estimated prevalence of loneliness at both time points was 35.5%. The estimated prevalence of frailty at Times 1 and 2 were 7.8%
and 12.1%, respectively. Participants reporting loneliness at Time 1 had greater odds of being frail at Time 2 (aOR = 2.14; 95% Cl: 1.23-3.73).
Frailty at Time 1 was not associated with loneliness at Time 2 (aOR = 1.00; 95% Cl: .44-2.25). The autoregressive effects of frailty (aOR = 23.43;
95% Cl: 11.94-46) and loneliness (aOR = 13.94; 95% Cl: 9.42-20.61) were large.

Discussion and Implications: Men who felt lonely had higher odds of being frail 2 years later while the reciprocal association was not shown.
This suggests that loneliness preceded frailty and not the other way around. Early and frequent assessments of loneliness may present oppor
tunities for interventions that minimize the risk of frailty among sexual minority men living with and without HIV.
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Translational Significance: Loneliness is a risk factor for frailty, but some evidence suggests this association may be bidirectional. In this
study among sexual minority men, aged 40 years or older, we found that those who felt lonely had higher odds of being frail 2 years later,
while the reciprocal association was not shown. This suggests that loneliness precedes frailty but not the other way around. Additionally,
the prevalence of loneliness and frailty remained stable over a 2-years’ of time. Promoting opportunities for interventions that reduce
loneliness among aging sexual minority men can reduce frailty and other negative consequences of loneliness.

Keywords: Aging, Frailty, Multicenter AIDS cohort study, Loneliness, Sexual minority men, United States

Background and Objectives

Frailty is a state of high vulnerability to adverse outcomes,
such as loss of independence, falls, institutionalization, and
mortality (1,2). Fried et al. proposed a phenotype of frailty,
which has been widely used, defined as the presence of 3
or more of the following 5 clinical measures: Unintentional
weight loss, exhaustion, low physical activity, slowness, and
weakness (3).

Since the advent of highly effective antiretroviral ther-
apy in the mid-1990s, there has been extended survival of
people living with human immunodeficiency virus (HIV).
However, people living with face an earlier and greater bur-
den of comorbidities compared with those living without HIV
(4,5). Likewise, they are at higher risk of frailty than the gen-
eral population and their HIV-negative counterparts (6-8).
Nevertheless, in comparable populations of middle-aged (>45
years old) HIV-positive and -negative individuals, HIV status
did not modify the increased risk of mortality of frail indi-
viduals compared with nonfrail individuals (9). However, in
another study, this risk was higher for older adults aged 65
years and older who felt lonely or socially isolated in addition
to being frail (10).

Loneliness has been deemed a public health problem
worldwide (11-14) and can be defined as the “feeling of iso-
lation regardless of objective social network size” (15). It is,
therefore, a subjective experience reflecting the discrepancy
between one’s desired and one’s actual level of social rela-
tionships (16,17). In the context of HIV, loneliness is higher
among older adults with HIV than among those without HIV
(18,19) and among sexual minority individuals than among
heterosexual individuals (20). Loneliness is associated with
frailty among older adults in many countries and in both
cross-sectional and longitudinal studies (21-25). The longitu-
dinal studies investigating the relationship between loneliness
and frailty assume loneliness as a risk factor for frailty but
there is evidence suggesting that this association may be bidi-
rectional (21,26).

To our knowledge, this bidirectional relationship between
loneliness and frailty among sexual minority men, aged
40 years or older living with or without HIV, has not been
explored yet. Therefore, we aimed to assess the bidirectional
association between frailty and loneliness over 2 years among
sexual minority men living with and without HIV enrolled in
the Healthy Aging substudy of the Multicenter AIDS Cohort
Study (MACS).

Research Design and Methods

Multicenter AIDS Cohort Study

Multicenter AIDS Cohort Study (MACS) is a prospective
cohort study of sexual minority men living with and without
HIV. From 1984 to 2019, 7 352 participants were enrolled
across 4 sites in the United States: Baltimore, Maryland/

Washington, DC; Chicago, Illinois; Los Angeles, California;
and Pittsburgh, Pennsylvania/Columbus, Ohio. Participants
attended semiannual clinic visits that used audio computer-
assisted self-interview, which means that participants lis-
tened to prerecorded questions of a structured questionnaire
through headphones and answered them on a computer, and
a standardized clinical examination to collect demographic
information, medical history, behavioral assessments, and
biospecimens. Details on the MACS study design have been
described elsewhere (27,28). Institutional review boards at
each respective study site approved the MACS protocol and
informed consent was obtained from all study participants.

Understanding Patterns of Healthy Aging in Men
Who Have Sex With Men

The Understanding Patterns of Healthy Aging Among Men
Who Have Sex with Men substudy of the MACS seeks to
understand the psychosocial resiliencies that promote healthy
aging among middle-aged and older sexual minority men with
and without HIV infection (29). The substudy was conducted
over 6 MACS visits from April 2016 to March 2019. Eligible
MACS participants for this substudy had to be at least 40
years old on April 2016, active in the study (attended a study
visit within the 2 years prior to April 2016), and reported at
least 1 incidence of sexual intercourse with another man since
enrolling in the MACS. There was a total of 1 317 MACS
participants enrolled in this substudy. For this work, we used
information from 2 of the 6 visits of the substudy: Time 1
(September 2016 to March 2017) and Time 2 (September
2018 to March 2019). The current analyses included 1 118
participants (84.9%) with frailty or loneliness data at Times
1 and 2.

Primary Measurements

Loneliness was assessed using the UCLA 3-Item Loneliness
Scale (30) at Times 1 and 2. The questions were as follows:
(1) How often do you feel that you lack companionship?; (2)
How often do you feel left out?; and (3) How often do you
feel isolated from others? The scale uses 3 response categories:
“hardly ever” (scored 1), “some of the time” (scored 2), and
“often” (scored 3). Responses were totaled, with values rang-
ing from 3 to 9. Scores were then categorized into a dichot-
omous variable: “not lonely” (<6) and “lonely” (26) (31,32).

The definition for frailty at Times 1 and 2 was adopted
within the MACS in 2008 using the Fried Frailty Phenotype
(3,33,34). It was defined as the presence of 3 or more of the
following clinical measures: (1) weakness (grip strength mea-
sured using a dynamometer less than the 20th percentile of
HIV-negative participants); (2) slowness (timed walk of 4 m
that is more than the 80th percentile of HIV-negative par-
ticipants); (3) unintentional weight loss of at least 10 1b (an
affirmative response, “yes,” to the question: “Since your last
visit, have you had unintentional weight loss of at least 10
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pounds?”); (4) reported exhaustion during work or other
activities (an affirmative response, “yes,” to the question:
“During the past 4 weeks, as a result of your physical health,
have you had difficulty performing your work or other activ-
ities [for example, it took extra effort]?”); and (5) low physi-
cal activity due to health limitation (an affirmative response,
“yes, limited a lot,” to the question: “Does your health now
limit you in vigorous activities, such as running, lifting heavy
objects, participating in strenuous sports?”). Not meeting
at least 3 of the aforementioned criteria was categorized as
nonfrail.

Covariates

All covariates were assessed at Time 1. Participants’ chrono-
logical age was calculated from the self-reported date of
birth and date of visit. Race and ethnicity were categorized
as Hispanic, non-Hispanic Black, non-Hispanic White,
and Other (Multi-race, Asian/Pacific Islander, and Native
American). Education was categorized as less than a high
school diploma, high school diploma, at least some college,
and at least some graduate school. Age discrepancy was cal-
culated as the difference between subjective age (“What age
[years] do you feel most of the time?”) and chronological age.
Age discrepancy was categorized into 3 categories: older sub-
jective age (subjective age > chronological age); no age dis-
crepancy (subjective age = chronological age); and younger
subjective age (subjective age < chronological age) (35). HIV
status (participants living with HIV/participants living with-
out HIV) was assessed using an enzyme-linked immunosor-
bent assay with a confirmatory western blot on all MACS
participants. Participants living with HIV included all partici-
pants with a confirmed positive western blot at their baseline
MACS visit and those who seroconverted at any time during
follow-up in the MACS. Depressive symptoms were defined
using the Center for Epidemiological Studies—Depression
scale, with scores greater than or equal to 16 indicating the
presence of depressive symptoms (36). The presence of the
following comorbidities were assessed: (1) high blood pres-
sure (systolic blood pressure 2140 mm Hg or diastolic blood
pressure 290 mm Hg or diagnosed with hypertension and
use of medication); (2) diabetes (high fasting blood glucose
(2126 mg/dL) or elevated HbAlc (26.5) or previous clinic

diagnosis with the use of medication); (3) liver disease (serum
glutamic pyruvic transaminase or serum glutamic oxaloacetic
transaminase >150 U/L); (4) kidney disease (estimated glo-
merular filtration rate <60 mL/min/1.73 m? body surface area
using the Modification of Diet in Renal Disease equation (37)
or urine protein-to-creatinine ratio 2200 mg protein/1 g creat-
inine); (5) dyslipidemia (fasting total cholesterol 2200 mg/dL,
low-density lipoprotein cholesterol >130 mg/dL, high-density
lipoprotein cholesterol <40 mg/dL, or triglycerides >150 mg/
dL, or use of lipid-lowering medications with self-report of a
previous clinical diagnosis); and (6) current hepatitis C infec-
tion defined as detectable hepatitis C RNA in serum; based
on previous work from Althoff et al. and Nieves-Lugo et al.
(33-35) and using the updated MACS definitions. The comor-
bidities were summed and reported as a count from 0 to 6.

Statistical Methods

We generated descriptive statistics of the primary measures
(loneliness and frailty) and the covariates, overall and by HIV
status, using absolute and relative frequencies and medians
and 25th and 75th percentiles (P25-P75) where appropriate.
We used a cross-lagged panel analysis to examine the recipro-
cal relationship between frailty and loneliness at Times 1 and
2 with adjustments for covariates measured at Time 1 (Figure
1) (38). The model generated estimates for cross-lagged and
autoregressive effects. Cross-lagged effects refer to the asso-
ciation of loneliness with the future occurrence of frailty and
vice versa. The inclusion of the autoregressive effect allowed
for adjustment of the previous levels of loneliness and frailty
as well as described the stability from Time 1 to Time 2 (38).
We initially stratified analyses by HIV status to assess differ-
ences by HIV; however, because differences compared with
the unstratified analyses were marginal, we retained HIV sta-
tus as a covariate in the final models. In regard to missing
data, the cross-panel analysis used full information maximum
likelihood and used all data available when estimating mod-
els (39). We included the results of complete cases only in
Supplementary Tables 1 and 2, but no substantial differences
were found. We reported adjusted odds ratios (aORs) and
95% confidence intervals (Cls). Analyses were performed in
SAS version 9.4 (Statistical Analysis Software Inc) and Mplus
(Muthén & Muthén) (40).
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Figure 1. Cross-lagged panel analysis diagram. aOR = adjusted odds ratio.
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Primary measures and covariates Participants living without HIV Participants living with HIV Overall
(n=3561) (n=557) (n=1118)
Age, median (P25-P75),y 62 (56-68) 57 (52-63) 60 (54-66)
Race and ethnicity, 7 (%)
Hispanic 28 (5.0) 66 (11.9) 94 (8.4)
Non-Hispanic Black 69 (12.3) 162 (29.1) 231 (20.7)
Non-Hispanic White 452 (80.6) 317 (56.9) 769 (68.8)
Other 12 (2.1) 12 (2.2) 24 (2.1)
Education, 7 (%)
Less than High School 10 (1.8) 19 (3.4) 29 (2.6)
High school 42 (7.5) 70 (12.6) 112 (10.0)
College 232 (41.4) 272 (48.8) 504 (45.1)
Graduate school 268 (47.8) 185 (33.2) 453 (40.5)
Missing 9 (1.6) 11 (2.0) 20 (1.8)
Age discrepancy, 7 (%)
Younger than subjective age 471 (84.0) 443 (79.5) 914 (81.8)
No age discrepancy 60 (10.7) 50 (9.0) 110 (9.8)
Older than subjective age 28 (5.0) 59 (10.6) 87 (7.8)
Missing 2(0.4) 5(0.9) 7 (0.6)
Depressive symptoms, 7 (%)
Depressive symptoms 209 (19.2) 300 (27.6) 509 (23.4)
No depressive symptoms 847 (78.0) 761 (70.0) 1608 (74.0)
Missing 30 (2.8) 26 (2.4) 56 (2.6)
Comorbidities count, median (P25-P75) 2 (1-2) 2 (1-3) 2 (1-3)
Loneliness, at Time 1,7 (%)"
No loneliness 292 (68.4) 237 (60.3) 529 (64.5)
Loneliness 135 (31.6) 156 (39.7) 291 (35.5)
Loneliness, at Time 2 7 (%)’
No loneliness 278 (65.7) 246 (63.1) 524 (64.5)
Loneliness 145 (34.3) 144 (36.9) 289 (35.5)
Frailty at Time 1,7 (%)"
No frailty 395 (93.8) 357 (90.4) 752 (92.2)
Frailty 26 (6.2) 38 (9.6) 64 (7.8)
Frailty at Time 2,7 (%)"
No frailty 367 (88.4) 333 (87.4) 700 (87.9)
Frailty 48 (11.6) 48 (12.6) 96 (12.1)

Notes: HIV = human immunodeficiency virus; P25-P75 = 25th-75th percentiles.

‘Prevalence estimated from cross-panel analysis.

Results

Participants’ characteristics are shown in Table 1. The median
age was 60 years (P25-P75: 54-66). Most participants were
non-Hispanic White (68.8%), reported at least some college
(85.6%), had a younger subjective age (81.8%), and had a
median of 2 comorbid conditions (P25-P75: 1-3). Nearly,
a quarter of the participants reported depressive symptoms
(23.4%). The estimated prevalence of loneliness at both time
points was 35.5%. The estimated prevalence of frailty at
Times 1 and 2 were 7.8% and 12.1%, respectively.

Among participants living with HIV, the median age was 57
years (IQR: 52-63), 56.9% were non-Hispanic White, 82.0%
reported at least some college, 79.5% felt younger than their
chronological age, and had a median comorbidity count
of 2 (P25-P75: 1-3). Depressive symptoms were reported
by 27.6% of participants living with HIV. The estimated

prevalence of loneliness at Times 1 and 2 were 39.7% and
36.9%, respectively. The estimated prevalence of frailty at
Times 1 and 2 were 9.6% and 12.6%, respectively.

Among participants living without HIV, the median age
was 62 years (IQR: 56-68), 80.6% were non-Hispanic White,
89.2% reported at least some college, 84.0% felt younger
than their chronological age, and had a median comorbidity
count of 2 (IQR: 1-2). Depressive symptoms were reported by
19.2% of participants living with HIV. The estimated preva-
lence of loneliness at Times 1 and 2 were 31.6% and 34.3%,
respectively. The estimated prevalence of frailty at Times 1
and 2 were 6.2% and 11.6%, respectively.

Longitudinal Cross-Lagged Association Between
Loneliness and Frailty

After adjusting for covariates, participants reported feeling
lonely at Time 1 had greater odds of being frail at Time 2
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Table 2. Reciprocal Association Between Loneliness and Frailty, Adjusting for Covariates

Primary measures and covariates

Odds ratio (95% CI)

Loneliness at Time 1

Frailty at Time 1

Loneliness at Time 2

Frailty at Time 2

Loneliness at Time 1 (vs no loneliness) —

Loneliness at Time 2 (vs no loneliness) —

1.19 (0.73-1.96)

Frailty at Time 2 (vs no frailty) —

Age 260y (vs <60 y) 1.33 (0.97-1.83)

Race and ethnicity
Black (vs White)
Hispanic (vs White)
Other (vs White)

Frailty at Time 1 (vs no frailty)

0.94 (0.64-1.38)
0.83 (0.48-1.44)
0.66 (0.24-1.82)

Education
Less than high school (vs high school) 1.21 (0.43-3.36)
At least some college (vs high school) 0.99 (0.60-1.63)
Graduate school (vs high school) 0.91 (0.54-1.54)

Participants living with HIV (vs Participants 1.22 (0.91-1.64)
living without HIV)

Age discrepancy

0.70 (0.44-1.12)
2.05 (1.02-4.11)
6.96 (4.85-10.00)

Younger (vs no age discrepancy)
Older (vs no age discrepancy)
Depressive symptoms (vs no depressive
symptoms)
Comorbidities

Each increase in count of comorbidities 1.08 (0.94-1.24)

1.19 (0.73-1.96)

3.34 (1.96-5.68)

1.32 (0.74-2.34)
1.79 (0.82-3.88)
1.48 (0.39-5.59)

1.61 (0.51-5.07)
0.82 (0.42-1.62)
0.58 (0.28-1.22)
1.11 (0.70-1.75)
0.40 (0.22-0.76)

1.55 (0.70-3.43)
2.57 (1.56-4.25)

13.94 (9.42-20.61)
1.00 (0.44-2.25)
1.47 (0.76-2.87)
0.74 (0.49-1.12)

1.28 (0.77-2.12)
0.83 (0.42-1.66)
0.19 (0.04-0.89)

1.89 (0.52-6.92
1.20 (0.61-2.35
1.13 (0.56-2.25
0.63 (0.42-0.94

0.59 (0.32-1.11)
1.85 (0.73-4.65)
1.88 (1.16-3.05)

2.14 (1.23-3.73)
1.47 (0.76-2.87)

23.43 (11.94-46.00)

2.23 (1.22-4.08)

2.29 (1.21-4.32)
1.53 (0.57-4.08)
0.43 (0.05-4.12)

0.45 (0.08-2.46)
0.62 (0.28-1.37)
0.98 (0.43-2.23)
0.66 (0.38-1.13)
1.05 (0.42-2.57)

2.70 (0.88-8.31)
0.93 (0.49-1.78)

1.27 (1.04-1.55) 1.17 (0.97-1.40) 1.45 (1.14-1.85)

Note: 95% CI = confidence interval; HIV = human immunodeficiency virus.

(aOR = 2.14 [95% CI: 1.23-3.73]). Frailty at Time 1 did
not have a statistically significant association with loneli-
ness at Time 2 (aOR = 1.00 [95% CI: 0.44-2.25]; Table 2).
The autoregressive effects of frailty (aOR = 23.43 [95% CI:
11.94-46.00]) and loneliness (aOR = 13.94 [95% CI: 9.42—
20.61]) were large, indicating stability in responses across the
2 time points.

Associations Between Loneliness, Frailty, and
Covariates atTime 1

Feeling older than one’s chronological age (aOR = 2.05
[95% CI: 1.02-4.11]) and reporting depressive symptoms
(aOR = 6.96 [95% CI: 4.85-10.00]) were associated with
increased odds of loneliness. Being 60 years or older (aOR =
3.34 [95% CI: 1.96-5.68]), reporting depressive symptoms
(aOR =2.57 [95% CI: 1.56-4.25]), and having an increased
number of comorbid conditions (aOR = 1.27 [95% CI:
1.04-1.55]) were associated with increased odds of frailty.
The associations between HIV status and loneliness (aOR
= 1.22 [95% CI: 0.91-1.64]) or frailty (aOR = 1.11 [95%
CI: 0.70-1.75]) were not statistically significant, but the first
association was more compatible with a positive association

(Table 2).

Associations Between Loneliness, Frailty, and
Covariates atTime 2

Living with HIV (aOR = 0.63 [95% CI: 0.42-0.94]) was
associated with decreased odds of loneliness, while report-
ing depressive symptoms (aOR = 1.88 [95% CI: 1.16-3.05])
was associated with increased odds of loneliness. Older

age (260 years old; aOR = 2.23 [95% CI: 1.22-4.08]), an
increased number of comorbid conditions (aOR = 1.45
[95% CI: 1.14-1.85]), and identifying as non-Hispanic
Black (aOR = 2.29 [95% CI: 1.21-4.32]) were positively
associated with frailty. The association between HIV sta-
tus and frailty was not statistically significant (aOR = 0.66
[95% CI: 0.38-1.13]) but was compatible with a decrease
in odds (Table 2).

Discussion and Implications

These results showed that feeling lonely increased the risk of
being frail 2 years later, independently of previously present-
ing frailty, while frailty did not predict future loneliness. The
predictive ability of loneliness with future frailty had been
previously shown in male and female adults aged 50 years or
older (21,24,25,41). However, the predictive ability of frailty
in relation to loneliness was not shown, unlike what previ-
ous studies among older adults (60+) suggested (21,26). It
is important to note that our participants included also men
aged 40 or older and the literature on the association between
frailty and loneliness in middle-aged adults younger than 50 is
unknown. We also found that loneliness and frailty remained
stable across the 2 visits as shown by the large autoregres-
sive effects estimated for both constructs. We found no cross-
sectional association between loneliness and frailty at Time 1
and Time 2.

The high stability of both constructs over time may partially
explain the lack of association of frailty with future loneliness
because the progression to loneliness can be mostly explained
by a high prevalence of loneliness in Time 1, which already



affected more than one-third of the sample. We can speculate
that loneliness could be already present in this cohort of men
and that between the 2-time points considered (September
2016 to March 2017 and September 2018 to March 2019),
there was not enough time to detect any effect of previous
frailty in loneliness. A loneliness prevalence of 35.5% in the
study sample is similar to a previous estimate for the general
U.S. population aged 45 years and older in 2018 of 35%, but
lower than that found among lesbian, gay, bisexual, trans-
gender, and questioning (or queer; 49%) persons in the same
study (42).

Despite the higher prevalence of loneliness compared with
the general population, gay and bisexual men seem to fol-
low a similar loneliness trajectory like other adults in which
it gradually diminishes through the middle adult years (i.e.,
50+) and then increases in old age (i.e., 65+) (43,44). In our
sample, the median age and 75th percentile were 60 and 66
years old, respectively, which means that we are likely captur-
ing a time in life when loneliness is at its lowest throughout
middle and older age before starting an increasing trajectory
at around 65-70 years of age (43). Moreover, feelings of
loneliness may differ in terms of temporal persistence, being
either chronic or short-lived (17). Thus, the chronicity of
loneliness and its longitudinal measurement is an important
dimension to consider in future studies because it differs from
short-lived loneliness in terms of etiology as well as treatment
implications (45). With all these considerations in mind, lon-
ger follow-up periods are needed to assess whether frailty can
predict loneliness in this population.

In its turn, the predictive role of loneliness in relation to
frailty—and for components of frailty such as gait speed,
fatigue, and physical inactivity, and for activities of daily
living or cognitive impairment—had been previously shown
among older adults (50+) (22,46). Additionally, greater lone-
liness was also shown to be associated with lower odds of
reversion from a prefrail or frail state to a robust (nonfrail)
(24). These findings showed that tackling loneliness could not
only decrease the risk of progressing to frail from a nonfrail
state, but also increase the odds of reversing to a robust state
in the future (24). A recent study in the same population as
our study found that those reporting a higher level of social
environmental resiliencies measured as perceived social sup-
port, social bonding, and psychological sense of community
were less likely to experience loneliness than those who did
not (31). Social environmental resiliencies were framed as
overtime buffers against symptoms of loneliness in a context
of stigma and discrimination faced by many MSM throughout
life (31). Promoting opportunities to increase, or maintain,
high support and social bonding from social networks, and
a strong attachment to the community with special invest-
ment among those socially disconnected, has the potential to
reduce loneliness (31) and, by that, also reduce future frailty
and other deleterious effects of loneliness.

In accordance with previous cross-sectional and longitudi-
nal studies, we also found that an increasing count of comor-
bidities at Time 1 was associated with loneliness and frailty
at the 2 time points (47). Furthermore, depressive symptoms
were very strongly associated with loneliness and frailty at
Time 1, while a longitudinal weaker association was only
found for loneliness. These associations had been previously
described; however, the lack of association between depres-
sive symptoms and frailty at Time 2 is unlike in previous stud-
ies (48-50).
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Also noteworthy was the positive cross-sectional associa-
tion of feeling older than chronological age with only loneli-
ness at Time 1, while being aged 60 years or older was only
strongly positively associated with frailty at Time 1 and Time
2 and negatively with loneliness at Time 2 (even if not reach-
ing statistical significance). Subjective age is an independent
predictor of several age-related outcomes and, while most
individuals feel younger than their chronological age, those
who feel older usually have poorer health, behavioral, and
cognitive outcomes, such as emotional well-being and activ-
ities of daily living (51). Therefore, the association of an
older subjective age with feeling lonely found in the current
study is not surprising. In addition, the lack of association
between chronological age and loneliness reinforces that this
small subgroup that feels older than chronological age may
be even more subject to the deleterious effects of negative age
stereotypes as they are also more strongly influenced by ageist
stereotypes (52). For instance, internalized ageism, a form of
ingroup discrimination in which older adults marginalize and
discriminate against other older people, likely as a result of a
lifespan of internalizing negative age stereotypes, has a wide
range of negative health impacts 53-55. Although marginal in
our study, this finding could potentially serve as a preventive
measure because it may be possible to intervene in an individ-
ual’s perception of their subjective age, whereas chronological
age is nonmodifiable.

Unexpectedly, we found that both older participants and
participants living with HIV were less likely to report lone-
liness at Time 2, while a positive, not statistically significant,
effect was shown at Time 1. There is a possible explanation
for this. Because the autoregressive effect of loneliness at Time
1 was included in the model, we measured the odds of older
participants and participants living with HIV feeling lonely at
Time 2 independently of previous levels of loneliness. In the
case of HIV status, even though participants living with HIV
reported feeling lonely more frequently than those not liv-
ing with HIV at both time points, this proportion diminished
from 39.7% in Time 1 to 36.9% in Time 2 among partici-
pants living with HIV, reducing the difference from 8% to 2%
points between participants living with HIV and participants
living without HIV (Table 1). This suggests that participants
living with HIV were less likely to become lonely from Time
1 to Time 2 than participants living without HIV.

Our findings were generated using an autoregressive cross-
lagged analysis that allowed us to estimate the reciprocal
association of frailty and loneliness independently of the pre-
vious level of each of these constructs. This approach had not
yet been used on this topic, to our knowledge, and allowed us
to minimize bias in the estimation of reciprocal associations
(38,53,54). Another strength of this study was the use of the
Fried frailty phenotype and the UCLA Loneliness Scale, which
are widely used and allow comparison with other studies.

This study did have limitations. The findings have limited
generalizability given the convenience sampling for the recruit-
ment design, and its limited diversity by consisting mostly of
non-Hispanic White sexual minority men (28). We also had
a considerable (15.1%) proportion of missing values for the
primary measures in Time 2. However, the sensitivity analysis
using only those with information for loneliness and frailty
at both time points showed similar results (Supplementary
Tables 1 and 2). Another limitation was the short time frame
between the 2 visits, which may not have been enough to
show the expected reciprocal association between frailty and
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loneliness. A longer follow-up time would be required to
define with higher confidence whether loneliness and frailty
have a reciprocal association or whether loneliness precedes
frailty as our results suggest. Additionally, following up with
these men to an older age would be important to capture the
full middle-age to older age trajectory of loneliness.

In conclusion, middle-aged and older sexual minority men
living with or without HIV who feel lonely have higher odds
of being frail at a later time in life, while the reciprocal asso-
ciation was not shown. This suggests that loneliness precedes
frailty and not the other way around. Additionally, both lone-
liness and frailty remained stable over time. Early assessment
and mitigation of loneliness and frailty among these men are
essential to healthy wellness in aging.

Supplementary Material

Supplementary data are available at Innovation in Aging on-
line.
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