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An Elevated Risk for Mortality in Later Life
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BACKGROUND/OBJECTIVES: Frailty, loneliness, and
social isolation are all associated with adverse outcomes in
older adults, but little is known about their combined
impact on mortality.

DESIGN: Prospective cohort study.

SETTING: The Longitudinal Aging Study Amsterdam.
PARTICIPANTS: Community-dwelling older adults aged
65 and older (n = 1,427).

MEASUREMENTS: Frailty was measured with the frailty
phenotype (Fried criteria). Loneliness was assessed with the
De Jong Gierveld Loneliness Scale. Social isolation was
operationalized using information on partner status, social
support, and network size. Two categorical variables were
created, for each possible combination regarding frailty and
loneliness (FL) and frailty and social isolation (FS), respec-
tively. Mortality was monitored over a period of 22 years
(1995-2017). Survival curves and Cox proportional hazard
models were used to study the effects of the FL and FS com-
binations on mortality. Analyses were adjusted for
sociodemographic factors, depression, chronic diseases, and
smoking.

RESULTS: Frailty prevalence was 13%, and 5.9% of the
sample were frail and lonely, and 6.2% frail and socially
isolated. In fully adjusted models, older adults who were
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only frail had a higher risk of mortality compared with peo-
ple without any of the conditions (hazard ratio [HR]
range = 1.40-1.48; P < .01). However, the highest risk of
mortality was observed in people with a combined presence
of frailty and loneliness or social isolation (HRgp = 1.83;
95% confidence interval [CI] = 1.42-2.37; HRgs = 1.77;
95% CI = 1.36-2.30). Sensitivity analyses using a frailty
index based on the deficit accumulation approach instead
of the frailty phenotype showed similar results, confirming
the robustness of our findings.

CONCLUSION: Frail older adults are at increased risk of
mortality, but this risk is even higher for those who are also
lonely or socially isolated. To optimize well-being and
health outcomes in physically frail older adults, targeted
interventions focusing on both subjective and objective
social vulnerability are needed. J] Am Geriatr Soc 68:2587-
2593, 2020.

Keywords: physical frailty; loneliness; social isolation;
longitudinal study; social vulnerability

F railty in older adults is defined as a decline in reserve
capacity in multiple physiological systems accompanied
by an increased vulnerability to stressors.! Frailty is one of
the most important predictors of adverse outcomes in later
life, with major consequences for clinical practice and pub-
lic health.? These adverse outcomes include events such as
falls, functional decline, hospitalization, and mortality.”
There is growing attention to loneliness and social iso-
lation in later life. In the media, public debates, and scien-
tific literature, the consequences of loneliness and social
isolation are increasingly recognized.>® Both have been
linked to adverse outcomes such as incident depression, car-
diovascular disease, and mortality.””'* Loneliness refers to
subjectively perceived deficits in social support or social
connections, whereas social isolation is a more objective
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measure of the lack of social contact. This important dis-
tinction means that loneliness and social isolation should be
considered separately because they cover different aspects
of social relationships.'® For example, not all socially iso-
lated people experience the feeling of loneliness.

Recently, studies have focused on associations between
frailty and indicators of social connectedness, such as loneli-
ness and social isolation. In general, older adults with frailty
seem to have smaller social networks and higher rates of
loneliness.'*'® However, the direction of the association is
not clear, and it was suggested that the associations are
bidirectional. For instance, one study found that physical
frailty was associated with an increase in loneliness over
time.'* At the same time, loneliness was identified as a risk
factor for incident frailty.'” It is therefore likely that frailty
and loneliness or social isolation often exist simultaneously.
This is supported by previous research in primary care that
showed a large number of frail older adults living in the
community report they receive insufficient care for their
psychosocial needs including loneliness and lack of social
contact.'"?

One recent cross-sectional study showed that the coex-
istence of physical frailty and social isolation is associated
with falls in older adults.>® However, it is unknown to what
extent frailty and loneliness or social isolation jointly asso-
ciate with adverse outcomes in older adults over time. By
looking at the combined presence of frailty and loneliness
or social isolation, it may be possible to identify groups that
are highly vulnerable for adverse outcomes such as mortal-
ity. Identification of such groups is of major importance for
health care and public health because it enables optimiza-
tion of care pathways and intervention strategies. There-
fore, the current study examined the combined impact of
frailty and loneliness or social isolation on mortality in
older adults, using data over a 22-year period from the
Longitudinal Aging Study Amsterdam (LASA).*"*?

METHODS

Study Population

Data came from LASA, an ongoing cohort study among
older adults in the Netherlands.?"** LASA is a multi-
disciplinary study and includes measures on physical, emo-
tional, cognitive, and social functioning. The study started
in 1992 and enrolled 3,107 people aged 55 to 84 years. Fol-
low-up data are collected approximately every 3 years by
trained interviewers who visit the respondents at home.
This includes a main interview and a subsequent medical
interview with additional questionnaires and clinical tests.
More information on the LASA sample and data collection
was published previously.?"*> The LASA study was
approved by the medical ethics committee of the VU Uni-
versity Medical Center. Written informed consent was
obtained from all participants.

In the current study, data from the second LASA mea-
surement wave (1995-1996) were used, because this was
the first wave that included data on all the instruments to
measure frailty. Of the 1,720 LASA participants aged 65
and older, 1,509 also participated in the medical interview
(flowchart in Supplementary Figure S1). After excluding
participants with missing data on frailty, loneliness, and

covariates (n = 82), the final analytical sample for the com-
bination of frailty and loneliness consisted of 1,427 partici-
pants. The final sample for the analyses on the combination
of frailty and social isolation included 1,333 participants,
due to some additional missing data on the social isolation
variable (n = 94). Vital status of all participants was
obtained from municipality registers. All deaths that
occurred between baseline (1995) and the end of follow-up
(March 1, 2017) were recorded.

Frailty

Frailty was measured using the criteria of the frailty pheno-
type: weight loss, low grip strength, exhaustion, slow gait
speed, and low physical activity. The criteria were either
operationalized identically to those of Fried et al** or
slightly modified. The latter applies to gait speed and physi-
cal activity, for which the lowest quintile approach was
used.?® The frailty phenotype was previously used and vali-
dated in LASA."*?¢ Weight loss was present if a participant
lost 5% or more body weight since the previous LASA
wave. The participant’s weight was measured using a cali-
brated bathroom scale while wearing underclothing only.
The sum of the highest values of two measurements on each
hand with a handheld dynamometer was used to measure
grip strength. Low grip strength was determined using the
original cutoffs stratified by sex and body mass index.**
Two items of the Center for Epidemiologic Studies Depres-
sion Scale (CES-D) determined the presence of exhaustion:
“In the last week I felt that everything I did was an effort”
and “In the last week I could not get going.”?” To measure
gait speed, respondents were asked to walk 3 m, turn
around, and walk 3 m back. The time was recorded, and
the lowest quintile in gait speed stratified by sex and height
was applied to indicate slow gait. Finally, physical activity
was assessed using the LASA Physical Activity Question-
naire.”® The lowest quintile of average time spent on physi-
cal activities per day during 2 weeks before the interview
was applied to define low physical activity. Frailty was con-
sidered present when participants met at least three of five
criteria.”*

For sensitivity analyses, we also operationalized a
frailty index (FI) based on the deficit accumulation
approach, another widely used frailty construct.*”*° A 31-
item FI was used including health deficits from the physical,
mental, and cognitive domain. Additional details of this FI
and its validation were reported in previous studies.’'~?
For the purpose of the current study and to avoid overlap,
the CES-D item on loneliness was removed from the origi-
nal 32-item FI in LASA.3' A cutoff of .25 or higher was
applied to indicate frailty.>'-

Loneliness and Social Isolation

Loneliness was assessed by the De Jong Gierveld Loneliness
Scale.* Scores range from 0 to 11, with a score of 3 or
higher indicating the presence of loneliness.>* Because a
standard instrument for measuring social isolation is not
available, social isolation was operationalized by combining
information on partner status, social support, and network
size. Respondents were considered socially isolated if they
met two of the following three criteria: no partner, no social
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support, and having a small network size.>>*® Partner sta-
tus was a good indicator for living arrangements because
97.1% of the people with a partner lived with someone in
the same household. The size of the personal network was
assessed by asking respondents to identify people (other
than their partner) with whom they had frequent contact
and who were important to them (score range = 0-75). This
was done for various role types (eg, friends, family, and
neighbors).>” For the nine network members they had the
most frequent contact with, information was collected on
the intensity of the received emotional and instrumental
support (range = 0-36). Respondents who scored 0 on both
emotional and instrumental support were considered to
receive no social support. A small network size was defined
as belonging to the lowest quartile in the sample (eight or
fewer network members).

Baseline Characteristics

Other variables included age, partner status (yes/no), sex,
level of education, depression score, social participation, the
presence of chronic diseases, and smoking. Three groups of
education were distinguished: low (elementary school or
less), medium (lower vocational or general intermediate
education), and high (intermediate vocational education,
general secondary school, higher vocational education, col-
lege or university). Depressive symptoms were measured
using the CES-D scale (score = 0-60).>” Informal social

participation was measured by participation in leisure activ-
ities, such as visiting a museum, going to the cinema, going
to a restaurant, and shopping for pleasure. We counted the
number of activities that participants engaged in at least
every month (except for shopping that was included if par-
ticipants did this at least once per week). Formal social par-
ticipation was measured by number of memberships of
community organizations (eg, church, political organiza-
tion, sport organization, choir). To assess the presence of
chronic diseases, respondents were asked whether they cur-
rently or previously had one of the following seven major
chronic diseases: cardiac disease; arterial disease; diabetes
mellitus; stroke; arthritis (rheumatoid arthritis or osteoar-
thritis); cancer; and chronic nonspecific lung disease
(asthma or chronic obstructive pulmonary disease).
Smoking was assessed with a question, whether respondents
were currently smoking (yes/no).

Statistical Analysis

First, descriptive analyses were conducted to characterize
the study sample. Differences in baseline characteristics by
loneliness and social isolation status were determined using
chi-square tests for categorical variables and ¢ tests for con-
tinuous variables. A Venn diagram was constructed to show
the overlap between physical frailty, loneliness, and social
isolation.

Table 1. Baseline Characteristics of the Study Sample

Loneliness Social isolation
Total Yes No Total Yes No

Baseline characteristics n=1,427 n=519 n =908 P n=1,333 n =491 n = 842 P
Age, mean (SD) 75.7 (6.6) 76.9(6.6) 749 (6.5) <.001 755(6.5) 77.5(6.5) 74.4(6.3) <.001
Sex, % women 51.5 56.5 48.7 <.01 51.4 62.9 447 <.001
Partner status, % without partner 41.9 59.0 32.2 <.001 40.8 80.7 17.6 <.001
Educational level

Low, % 42.0 44.3 40.7 .36 41.5 51.7 35.5 <.001

Medium, % 30.3 28.3 31.4 30.5 25.9 33.3

High, % 27.7 274 27.9 28.1 22.4 31.4
Depressive symptoms, CES-D, mean (SD) 82(76) 11.8(8.5) 6.1(6.4) <.001 82(7.7) 9.7(80) 7.3(74) <.001
Social participation

Leisure activities, mean (SD) 4) 7(1.4) <.01 1.7 (1.4) 1.5(1.3) 1.8 (1.4) <.001

Memberships of organizations, mean (SD) 1.8 (1.5) 9(1.5) <.001 1.8 (1.5) 1.5(1.4) 1.9 (1.5) <.001
Chronic diseases,%

Cardiac disease 26.9 27.0 26.9 .97 27.3 29.1 26.2 .26

Arterial disease 12.8 15.4 11.2 .02 12.8 16.1 10.9 <.01

Diabetes 8.0 8.9 7.5 .36 7.8 9.8 6.7 .04

Stroke 7.8 7.9 7.7 .90 7.8 10.0 6.5 .02

Arthritis 47.4 52.6 44.4 <.01 47.5 52.1 44.8 <.01

Cancer 12.2 11.4 12.7 47 12.2 12.2 12.2 1.00

Lung disease 15.5 16.6 14.9 .39 15.5 16.3 15.0 .52
No. of chronic diseases, 0—7, mean (SD) 1.3(1.1) 14(1.1) 1.2(1.1) .02 1.3(1.1) 15(1.2) 1.2 (1.1) <.001
Smoking, % current smokers 19.0 22.4 171 .01 19.2 21.0 18.2 .21
Frailty

Frailty phenotype, % frail (=3) 13.0 17.5 10.5 <.001 12.5 16.9 9.9 <.001

Frailty index, % frail (=.25) 27.2 39.1 20.4 <.001 26.8 36.3 21.3 <.001

Abbreviations: CES-D, Center for Epidemiologic Studies Depression Scale; SD, standard deviation.

2Chi-square test and  test.
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Before conducting survival analyses, participants were
categorized into groups based on their frailty and loneliness
status. Four groups were created for each possible combina-
tion: (1) people without frailty and without loneliness, (2)
people with only loneliness, (3) people with only frailty,
and (4) people with frailty and loneliness. The same was
done for frailty and social isolation. This resulted in two
categorical variables (frailty-loneliness [FL] and frailty-
social isolation [FS] combinations, respectively) that were
analyzed separately. Kaplan-Meier curves were plotted to
visualize the survival rate for each group. Survivors were
censored at the end of follow-up (March 1, 2017). Next,
associations between the combined variables and mortality
were studied using Cox proportional hazard models. Two
models were fitted: a crude model and a model adjusted for
covariates. The adjusted model included age, sex, educa-
tion, partner status, depression, chronic diseases, and
smoking as covariates. For the FS combinations, the
adjusted model did not include partner status because this
was already part of the social isolation variable. In sensitiv-
ity analyses, all models were repeated by using the FI as
frailty indicator. The descriptive and Cox regression ana-
lyses were done in SPSS, v.24 (IBM Corp, Armonk, NY,
USA). The Kaplan-Meier survival curves were fitted using
the “survminer” package in R (v.3.6.1).

RESULTS

Baseline characteristics for both analytical samples are
shown in Table 1. These results indicate that 519 of 1,427
people were lonely (36.4%) and that social isolation was
present in 491 of 1,333 people (36.8%). Respondents who
were lonely or socially isolated were older, more often had
no partner, were more often female, had more depressive
symptoms, had lower levels of social participation, had

Frailty

n =30
(2.3%)

n=35
(2.6%)

n=48
(3.6%)

n=193
(14.4%)

n =203
(15.2%)

n =205
(15.4%)

Loneliness Social isolation

Figure 1. Venn diagram showing the overlap between frailty,
loneliness, and social isolation. Note: There were also 566
respondents without any of the conditions (42.5% of the
sample).

more chronic diseases, and had a higher frailty prevalence
compared with respondents without loneliness or social iso-
lation. Figure 1 shows the overlap between frailty (frailty
phenotype >3), loneliness, and social isolation in the analyt-
ical sample of social isolation (n = 1,333). All three condi-
tions (frailty, loneliness, and social isolation) were present
in 3.6% of the sample. The combination of frailty and lone-
liness was observed in 5.9% of the respondents, and the
combination of frailty and social isolation was present in
6.2% of the respondents. Loneliness and social isolation
showed some overlap (3.6% and 15.4% = 19.0% of the
sample), but the groups that were only lonely or only
socially isolated were still substantial (>15% of the sample).

During 22 years of follow-up, 1,217 of 1,427 people in
the loneliness sample (85.3%) and 1,131 of 1,333 people in
the social isolation sample (84.8%) died. Figure 2 displays
the Kaplan-Meier survival curves for the various FL and FS
combinations. The survival curves clearly demonstrate a
lower survival rate among those with frailty or those with
combined presence of frailty and loneliness or frailty and

(A)
1.001 =,
1‘~.‘ Frailty & loneliness (FL)
A Not frail and not lonely (7 = 813)
PSR, === Only lonely (n = 428)
0.75- | ‘ Only frail (n = 95)
D = = Frail and lonely (7 = 91)
> - v o
= 1
3 L
s 1
E L
S 0.50 ta
© ‘.
2 -
< \
=3
n 1
1
LI
0.254 N
-
L}
Y
L —
“
0.001 Tro--
0 5 10 15 20 25
Time to event (years)
(B)
1001 =, . o .
L Frailty & social isolation (FS)
" Not frail and not socially isolated (n = 759)
— - ==+ Only socially isolated (n = 408)
1 S
0.754 ‘:. ~.“' Only frail (n = 83)
“ — - Frail and socially isolated (n = 83)
S R
3 L
© 1
Q "
° 1
3 0.50 Lo
- -
2 )
P )
=3 -
7 t
- i
0.251 '
L
1
' -
- -
0.00- i
0 5 10 15 20 25

Time to event (years)

Figure 2. Kaplan-Meier survival curves for groups based on
the frailty phenotype (score >3) and loneliness (panel A) or
social isolation (panel B).
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Table 2. Cox Regression Analyses: Hazard Ratios for 22-Year All-Cause Mortality

Crude model Adjusted model®
Groups? n events/total N HR (95% Cl) P HR (95% ClI) P
Loneliness, FL
Not frail and not lonely 663/813 0 (ref.) 0 (ref.)
Only lonely 372/428 1. 22 (1.08-1.39) <.01 1 06 (.92-1.22) 40
Only frail 92/95 2.23 (1.80-2.79) <.001 1.40 (1.11-1.77) <.01
Frail and lonely 90/91 3.16 (2.52-3.95) <.001 1.83 (1.42-2.37) <.001

Crude model Adjusted model®

Groups? n events/total N HR (95% CI) P HR (95% CI) P
Social isolation, FS
Not frail and not socially isolated 615/759 ref.) 0 (ref.)
Only socially isolated 354/408 1. 27 1.12-1.45) <.001 1 06 (.92-1.21) 41
Only frail 79/83 2.14 (1.69-2.71) <.001 1.48 (1.15-1.91) <.01
Frail and socially isolated 83/83 3.33 (2.63-4.21) <.001 1.77 (1.36-2.30) <.001

Abbreviations: CI, confidence interval; FL, frailty and loneliness; FS, frailty and social isolation; HR, hazard ratio.

*Frailty was measured with the frailty phenotype (score 23).

bAdjusted for age, sex, education, partner status, depression score, number of chronic diseases, and smoking.
“Adjusted for age, sex, education, depression score, number of chronic diseases, and smoking.

social isolation. These results were confirmed in the Cox
regression analyses (Table 2). In the crude model, people
with loneliness (HRgp, = 1.22; 95% confidence interval
[CI] = 1.08-1.39), social isolation (HRps = 1.27; 95%
Cl = 1.12-1.45), frailty (HRp = 2.23; 95% CI = 1.80—
2.79; HRgg = 2.14; 95% CI = 1.69-2.71), or a combination
of both conditions (HRgp = 3.16; 95% CI = 2.52-3.95;
HRgs = 3.33; 95% CI = 2.63-4.21) had a higher risk of
mortality compared with older adults without any of the
conditions. In fully adjusted models only people with frailty
(HRyy = 1.40; 95% CI = 1.11-1.77; HRys = 1.48; 95%
CI = 1.15-1.91) and a combination of frailty and loneliness
(HRgp = 1.83; 95% CI = 1.42-2.37) or frailty and social
isolation (HRgs = 1.77; 95% CI = 1.36-2.30) had an
increased risk of mortality.

Results were the same when performing survival ana-
lyses with the FI as frailty indicator, even though the groups
of older adults with frailty based on the FI were larger com-
pared with frailty based on the frailty phenotype (Supple-
mentary Figure S2). The sensitivity analyses with the FI
showed that, in fully adjusted models, older adults who
were frail and lonely (HRgp = 1.77; 95% CI = 1.49-2.11)
or frail and socially isolated (HRgg = 1.80; 95% CI = 1.48—
2.17) had the highest risk of mortality compared with older
adults without any of the conditions (Supplementary
Table S1).

DISCUSSION

Using data over a period of 22 years from a cohort of com-
munity-dwelling older adults in the Netherlands, we exam-
ined the combined effects of frailty and loneliness or social
isolation on mortality in later life. The results revealed a
gradual increase in mortality risk: people with frailty were
at higher risk of mortality compared with older adults with-
out any of the conditions, but the highest risk was observed

in those with a combined presence of frailty and loneliness
or frailty and social isolation. These results indicate that
both subjective and objective aspects of social vulnerability
in older adults with frailty may have serious consequences
in terms of premature death.

The results also showed that it did not matter whether
the frailty phenotype or the FI was used as a frailty indica-
tor: the results were similar, showing the robustness of our
findings. At the same time, this is remarkable because the
prevalence of frailty is much higher when using the FI
instead of the frailty phenotype (27% vs 13%). Another
noteworthy result is that the overlap between loneliness and
social isolation was not that high. Only one-third of the
people with loneliness and/or social isolation presented with
both conditions, showing that they should be regarded as
distinct groups when targeting interventions. Furthermore,
the group that had a combined presence of frailty with
loneliness or social isolation was small (about 6% of the
total sample), but their risk for mortality was generally
higher compared with people with only one or without any
of the conditions, even in models adjusted for various
sociodemographic factors, comorbidity, and smoking.

The current study corroborates findings from previous
work. Frailty, loneliness, and social isolation were all
shown to be prospectively associated with adverse out-
comes such as mortality in older adults.>* Moreover, earlier
research investigated the beneficial effects of psychosocial
resources on frailty outcomes.”®*® These studies found
mixed results. In frail hospitalized older adults, psychoso-
cial resources buffered against various adverse outcomes,’
whereas in community-dwelling older adults with frailty,
protective effects of psychosocial resources were not
observed.*® However, none of these studies looked specifi-
cally at the lack of social resources, as measured subjec-
tively by loneliness or objectively by social isolation. This is
where the current study adds to previous work: we
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identified a new group at an increased risk of premature
death, namely older adults with frailty who are also lonely
or socially isolated.

Various mechanisms may explain the higher risk of
mortality in older adults with frailty who also present with
loneliness or social isolation. Further insights into these
underlying mechanisms may enhance the development of
new interventional approaches. First, well-functioning
social support networks are vital for maintaining autonomy
and quality of life. This is highlighted in various care guide-
lines for older adults with frailty.>>*® A lack of social con-
nections may result in unfulfilled care needs and a higher
chance of poor health outcomes. Second, frail older adults
with loneliness or social isolation may also be those who
have less favorable personality characteristics, such as low
self-esteem and low mastery. This makes them more vulner-
able in coping with stressful situations and increases the risk
of mortality.®® Finally, loneliness or social isolation may
also have more direct physiological effects in older adults,
expressed by neuroendocrine and immune responses*! and
various medical conditions. Social isolation, for example, is
associated with depression and cardiovascular disease that
are both linked to mortality.'%!?

The results of our study have practical implications.
They suggest a multidimensional and personalized
approach to reduce frailty and its negative consequences.
Social vulnerability should be considered when providing
care to older adults with frailty or when designing frailty
interventions, not only to prevent mortality but also to
improve well-being. Targeted interventions for social isola-
tion and loneliness may be needed. These interventions
should be tailored and match the cause of social isolation
or loneliness. For social isolation, certain intervention strat-
egies have proven to be effective, such as participation in
group-based social activities.** For loneliness, the evidence
for effective interventions is fragmented.* Some approaches
have the potential to diminish feelings of loneliness, such as
friendship courses and psychological therapies.** However,
more research is needed to show the extent to which vari-
ous interventions are effective in expanding social networks
and reducing loneliness in frail older populations.

The results of our study are also highly relevant in the
light of the current COVID-19 crisis. Frail older adults may
be disproportionally affected by isolation measures that
have been implemented in many countries.** Social distanc-
ing may prevent transmission of a virus, but it increases
social isolation and feelings of loneliness that in turn may
increase the long-term risk of mortality in this group.

Strengths of this study include the large community-
based sample, the long-term mortality follow-up, the use of
the two most widely used frailty indicators (ie, frailty phe-
notype and FI), and the use of both subjective and objective
indicators of social connectedness. This enabled us to look
at the effects of the combined presence of frailty and loneli-
ness or social isolation on mortality, and to compare results
between different frailty indicators, which has never been
done before.

However, some limitations also have to be considered
when interpreting the results of this study. First, we used
validated instruments to measure frailty and loneliness, but
for social isolation no standard measure is available. We
constructed a social isolation variable similar to previous

studies.>*® To be socially isolated, older adults had to
meet two of three criteria: no partner, no social support,
and having a small network size. It is noteworthy that a
small network size in LASA, as defined by the lowest quar-
tile, is higher than in other studies. This may be the result
of the extensive network module that was used to ask about
social connections in various domains, whereas other stud-
ies often use a single question to assess the number of net-
work members.>®

Second, we only included baseline variables in the ana-
lyses. It is possible that during the long period of follow-up
there have been some shifts in frailty, loneliness, and social
isolation status. Moreover, in the current design we cannot
rule out reverse causation (ie, loneliness and social isolation
may result from poor health). Future studies may therefore
also look at time-varying measurements. Third, we adjusted
our analyses for the most important confounders. However,
we acknowledge that there are other behavioral or clinical
risk factors for mortality for which we could not control.
For example, it would not be appropriate to control for
physical activity because it is part of both frailty definitions.

Fourth, we were not able to consider potential cohort
differences. Our baseline data come from 1995 to 1996, so
it is possible that our findings do not apply to other genera-
tions of older adults. This may be investigated in the future
when long-term mortality data for refreshment cohorts in
LASA (included in 2002-2003 and 2012-2013) become
available.* Fifth, depression may be an important underly-
ing condition of loneliness and social isolation in the stud-
ied population. Although we were able to show this using
the CES-D score of depressive symptoms, we did not have
information available on depression diagnosis.

Finally, much more research is needed to understand
how social resources contribute to resilience in older
adults.** In the current study, we have only focused on
loneliness and social isolation as indicators of social con-
nectedness. It might be interesting to repeat this study with
a broader index of social vulnerability,***¢ to find out
whether our findings are specific for loneliness and social
isolation in frail older adults or also apply to other social
determinants.

In conclusion, this study showed that older adults with
frailty who are also lonely or socially isolated constitute a
high-risk group for mortality. This is important information
for researchers and clinicians. To optimize well-being and
health outcomes in physically frail older adults, targeted
interventions focusing on both subjective and objective
social vulnerability are needed.
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