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Abstract

Background: Despite their strong increase, the population of the very old, including near-centenarians and
centenarians, represent an unstudied and underserved population. Available studies mostly concentrate on
predictors of exceptional longevity, but rarely extend their focus to other areas of functioning. Also, little is
known about what contributes to experiencing a quality life in very old age. The present population-based
study aims at providing a comprehensive picture of key domain of functioning, including physical, cognitive,
social and mental function in very old individuals and to determine predictors of mental health indicators.

Methods: A total of 119 individuals aged 95 to 107 living in private dwellings and residential care facilities
were recruited based on the New York City Voters Registry. Participants answered questions regarding their
health and activities of daily living. Their cognitive functioning was determined using the Mini-Mental State
Examination and the Global Deterioration Scale. Social resources were measured with number of children and
the Lubben Scale. Mental health was assessed with the Geriatric Depression Scale and the Satisfaction with
Life Scale.

Results: An unexpectedly large proportion of the sample lived in the community. On average, cognitive
functioning was high. Although five diseases were reported on average, participants reported good health.
Functional status was reduced. Most participants had at least one person for communication/social support.
On average, depression was below cut-off, and most participants reported high life satisfaction. Regression
analyses indicated that individual differences in depression were associated with subjective health, IADL and
relatives support. For life satisfaction, subjective health, ADL and number of children were most important.
Demographic characteristics, number of illnesses or cognitive status were not significant.

Conclusions: Despite reduced levels of physical functioning and social resources, very old participants were
in good mental health suggesting high resilience and ability to adapt to age-associated challenges. That a
large proportion of them lived in the community further highlights their desire for leading an autonomous
life, which may have been facilitated by New York service culture. More research is necessary to provide
guidance for the development of well-suited services for this very old population.

Keywords: Centenarians, Health and well-being, Cognition, Social resources, Depression, Community and
public health
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Background
In most developed countries, increasing longevity has
led the very old to become the fastest growing segment
of the population. For example, in the US, the number
of centenarians increased by 65.8 % between 1980 and
2010, resulting in a total of 53,364 individuals aged 100
or older [1]. This trend is expected to accelerate, as
every other child born after the year 2000 is likely to
reach her/his 100th birthday [2]. Despite this global
demographic development, very old individuals includ-
ing centenarians remain an understudied and under-
served population. The few centenarian studies available
mostly concentrated on physical health, including func-
tional and cognitive limitations, and potential predictors
of longevity [3–9]. Little is known about other areas of
functioning, such as mental health, and to what extent
physical health, cognition or social resources play a role
[10]. A broad and representative knowledge base is ur-
gently needed to better understand what it means to live
to age 100 and how this experience can potentially be
influenced. The main goal of the present study was to
create a comprehensive picture of very old individuals
(95 years and older) by describing central areas of func-
tioning (health, cognition, social functioning, and mental
health) and by investigating which health and psycho-
social characteristics were most important for explaining
individual differences in mental health indicators (i.e.,
depression and life satisfaction).
Although reaching age 100 is mostly seen as a consid-

erable achievement, whether centenarians represent a
model of successful aging is under scientific debate. On
the one hand, Evert and colleagues [11] reported that
some centenarians experienced delayed onset of age-
related illnesses (delayers) while others did not succumb
to any age-related illnesses (escapers). In addition, An-
derson and colleagues [12] found that younger age
groups and centenarians would spend more years living
with illnesses than supercentenarians (i.e., 105 years and
older). On the other hand, centenarians’ actual physical
health is often severely compromised. For example,
Andersen-Ranberg and colleagues [13] identified only
one physically healthy centenarian in their sample of
over 200 Danish participants. Thus, besides living longer
and healthier lives, many are confronted with health
conditions in very advanced age.
Centenarians’ cognitive functioning is also a key area

of interest. As the prevalence of dementia increases dra-
matically between ages 65 and 85, one would assume
that most centenarians have moderate to severe cogni-
tive limitations. Research evidence shows that this is not
the case: various studies have documented that there are
centenarians who are free of cognitive impairment [6],
though prevalence rates of cognitive impairment vary
substantially across studies, ranging between 34 % [10]

to 80 % [14, 15]. The percentage of centenarians with se-
vere cognitive impairment has been reported to be be-
tween 10 % [10] and 40 % [14, 16].
Research on centenarians to date offers little informa-

tion on other factors that may contribute to longevity,
such as social resources. Social partners are essential
during all phases of life, but their importance for main-
taining autonomy and well-being may become more sali-
ent in advanced age due to an increase of age-related
health conditions. Unfortunately, due to their excep-
tional age, widowhood and loss of a child are very likely
in centenarians [17]. The Georgia Centenarian Study
also found evidence of reduced social partners (e.g.,
people to visit or talk on the phone) in centenarians
relative to octogenarians [18]. At the same time, both
the Heidelberg Centenarian Study and the Georgia Cen-
tenarian study showed that social resources were pre-
dictive of self-rated mental and physical health [19] and
happiness [20].
Research on mental health in the very old is also lack-

ing as only few studies have addressed whether cente-
narians experience their lives as satisfying and worth
living despite age-related health restrictions and social
loss. Research on depressive symptoms is also limited
and inconsistent, with prevalence rates ranging between
13 % in an Italian sample [21] to 25 % in the Georgia
Centenarian Study [22]. Qualitative insights on centenar-
ians’ well-being and related factors are for example avail-
able from centenarian living in Hongkong [23]. In the
Heidelberg Centenarian Study, centenarians reported
high levels of well-being and were found to be as happy
as middle-aged adults, despite health limitations. In fact,
it turned out that health did not predict individual dif-
ferences in happiness [20]. At the same time, various
centenarians in the sample reported depressive symp-
toms [24].
In order to gain a comprehensive portray of central

areas of functioning in very advanced age, the first aim
of the present study was to investigate levels of health,
cognitive, social and mental function in a US sample
of near-centenarians and centenarians. The second aim
was to examine the extent to which health, cognitive,
social and mental functioning relate to each other. The
third aim was to identify which health, cognitive and
social variables best explain interindividual differences
in mental health indicators (i.e., depression and life
satisfaction).

Methods
Sample
A total of 119 individuals aged 95 to 107 (MAge = 99.25)
participated in the Fordham Centenarian Study (78.2 %
females) (Table 1). Ethnicity distribution was 79.8 %
White, 19.3 % African American and .8 % “other.” Four
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individuals (3.4 %) self-identified as Hispanic. We re-
cruited our sample from a list of individuals 95 years
and older who had registered to vote in New York City.
Specifically, we sent out 1,032 recruitment letters to

individuals in the three most diverse boroughs:
Manhattan, Bronx, and Brooklyn. We called one week
later and reached 492 (48 %) potential participants or
their families. (The main reason for the fact that we
were only able to verify the existence of about half of
those invited to the study was that the Voter’s Regis-
try seems not well-updated, and individuals who had
deceased long ago were still included). In order to be
eligible for the study, participants did not need to be
fully cognitively intact but able to reliably respond to
questions about themselves, as we were interested in
the very olds’ experience of their very advanced age,

well-being and depressive symptoms as well as other
psychological constructs. Out of 492 target persons
(or their families) reached by telephone, 159 (32 %)
were ineligible: the largest group had deceased before
telephone contact could be established (60 %), had se-
vere cognitive impairment according to family mem-
bers (21 %) or very poor physical health (19 %). Of
the 320 eligible individuals (i.e., not necessarily cogni-
tively fully intact but able to provide reliable informa-
tion about themselves), 204 (64 %) refused and 116
(36 %) agreed to participate. Refusals were mostly due
to no interest in the study (67 %), no time (12 %)
and other reasons (21 %). Thirteen individuals who
agreed to participate were not interviewed (2 de-
ceased, 2 experienced illness downturns, 3 changed
their mind, 1 relative intervened, 5 could no longer
be reached). This recruitment approach resulted in
103 interviews, of which 95 were included in the
study (7 had severe cognitive impairment not obvious
during phone contact, 1 withdrew after family inter-
vention). As the just described main recruitment ap-
proach made it slightly more difficult to reach
individuals in nursing homes, we recruited an add-
itional 23 participants via five collaborating health
care providers. Finally, one additional centenarian was
recruited by word of mouth, resulting in a total 119
study participants. Interviews were divided into two
sessions of 1.5 h each to minimize fatigue and were
conducted at the participant’s residence after giving
informed consent in writing. Study procedures were
approved by three Institutional Review Boards (Ford-
ham University, Jewish Home Lifecare, Hebrew Home
for the Aged).

Measurements
Interviews covered four main areas of functioning, in-
cluding (a) physical functioning, (b) cognitive func-
tioning, (c) social resources, and (d) mental health.

(a)Physical functioning: Physical functioning was
indicated by number of diagnoses, subjective health,
and functional status. Participants responded “yes or
no” to a checklist of common age-related
illnesses. Health conditions included: high blood
pressure, heart condition, diabetes, chronic lung
disease, ulcers or other serious stomach issues,
cirrhosis or other liver problems, kidney condition,
frequent urinary infections, incontinence, prostate
problems, problems with vision or hearing, arthritis,
osteoporosis, stroke, cancer, pneumonia, falls, and
other. Conditions mentioned as “other” were later
coded. Subjective health was measure d with an item
asking participants to evaluate their current health
status (1 = poor; 5 = excellent). Functional status was

Table 1 Demographic characteristics of the sample

N (%)

Study participants 119 (100)

Near-centenarians (95–99 years) 57 (48)

Centenarians (100–107 years) 62 (52)

Gender

Females 93 (78)

Males 26 (22)

Ethnic background

Caucasian 95 (80)

African American 23 (19)

Other 1 (1)

Residence type

Community-dwelling 88 (74)

Institutionalized 31 (26)

Marital status

Never married 11 (9)

Married 8 (7)

Divorced 9 (8)

Separated 2 (2)

Widowed 89 (75)

Education

Kindergarten or primary school 3 (3)

Middle school 23 (20)

9th to 12th Grade (no Diploma) 13 (11)

High school diploma 21 (18)

Some college vocational 17 (15)

Bachelor’s 21 (18)

Graduate school or higher 19 (16)

U.S. or foreign-born

U.S.-born 84 (71)

Foreign-born 35 (29)
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measured with the Older Americans Resources and
Services (OARS) Multidimensional Functional
Assessment Questionnaire [25] in which participants
were asked how much difficulty they had performing
seven personal activities of daily living (PADLs) and
seven instrumental activities of daily living (IADLs)
using a 3-point rating scale (0 = can’t do without
help, to 2 = no difficulty; 0–14 each).

(b)Cognitive functioning: To assess cognitive
functioning, we used the following subscales from
the Mini-Mental State Examination (MMSE) [26]:
Orientation (range: 0–10 points), Registration
(range: 0–3 points), Attention (0–5 points), and
Recall (0–3 points), resulting in a maximum total of
21 points. We followed the recommendations by
Holtsberg et al. [27], who proposed using items that
were unlikely to be biased by the poor sensory func-
tioning highly prevalent in centenarians. This selection
of MMSE items has been used in prior centenarian
studies [16]. As a second cognitive indicator, we used
the Global Deterioration Scale (GlobDetScale) [28],
which is an observer’s rating of cognitive status
(1 = no memory deficit evident from interview, to
7 = very severe cognitive decline).

(c)Social resources: Number of living children was used
as an indicator of social resources. Social contact
and support was assessed with the 6-item Social
Network Scale [29]. Items asked for the number of
relatives and number of friends to whom one talks
to at least once a month, with whom one feels at
ease to talk with about private matters (confidants),
and to whom one feels close enough to ask for help
(SOS contacts; 0 = none, to 5 = nine or more).

(d)Mental health: We used the 15-item version of the
Geriatric Depression Scale (GDS) [30] to assess
depressive symptoms. Items were answered using 1 = yes,
and 0 = no and were summed; higher values indi-
cated higher frequency of depressive symptoms
(range: 0–15). Life satisfaction was measured with
a modified version of the 5-item Satisfaction with Life
Scale [31]. As centenarians with poor cognition had
difficulty understanding items formulated as
statements (e.g., In most ways, my life is close to my
ideal), we reformulated those into questions (e.g., In
most ways, is your life close to your ideal?). To further
reduce cognitive load, we also limited the answering
format to 5 options (0 = not at all, to 4 = very much).
Higher mean scores represent greater subjective
well-being.

Statistical analyses
Complementing descriptive statistics, we tested gender
differences with t-tests (mean levels) and Pearson’s
chi-square tests (frequencies). Relationships between

variables were examined with Pearson (continuous
variables) and point-biserial (dichotomous variables) cor-
relations. The extent to which specific variables were
related to individual differences in mental health was
examined with multiple regression analyses with either
depression or life satisfaction as dependent variable. As
the sample size did not permit including all variables
simultaneously, we first conducted domain-specific
models (i.e., health variables as predictors only) and then
used all predictors from those domain-specific models
with at least marginal predictive value (p ≤ .20) in a com-
bined model. This model was further revised by including
only predictors with p ≤ .10 to ensure an acceptable cases-
to-predictor ratio.

Results
Demographic characteristics and living situation
The majority of the sample was community-dwelling
(n = 88, 74 %) and widowed (n = 89, 75 %; Table 1).
Participants were relatively well-educated, with one
third (n = 40, 34 %) having a bachelor’s or higher de-
gree and another third having a high school diploma
or some college (n = 38, 32 %). Another third had
middle school education or completed some high
school (n = 36, 30 %). Very few (n = 3, 3 %) had
received only primary school education. Most partici-
pants had been born in the U.S. (n = 84, 71 %).

Physical functioning
Participants reported an average of 4.85 ± 2.32 illnesses
(Table 2), indicating that many individuals dealt with
multimorbidity. Poor health conditions were further
highlighted by the fact that one fifth of the sample had
seven to eleven health issues. Considering those with
fewer health problems, there were only two individuals
who did not indicate any health issues. About one fourth
of the sample reported only up to three illnesses; still be-
ing faced with three chronic health issues concurrently
is likely to go along with substantial burden. In contrast
to the high illnesses count, participants’ subjective health
was relatively high at 2.97 ± 1.12, with 67 % reporting
good to excellent health. Functional health was relatively
high, with an average of 10.41 ± 3.67 out of 14 from
the PADL scale. Twenty-eight percent of the sample had
the highest score of 14, and 21 % indicated difficulty
with only 1 activity, and 19 % of the sample reported dif-
ficulty with only 2 activities. IADLs were slightly more
impaired, with an average score of 8.89 ± 4.05; however,
17 % of the sample reported no difficulty. For specific
activities, the basic personal activities most often re-
ported as difficult were taking a bath (55 %), getting
dressed (52 %) and moving in and out of bed (48 %).
Difficulty on the other basic activities was reported
by 20 % to 30 % of the sample. Most of the instrumental
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activities were considered difficult by at least 60 % of the
participants. The only exception was talking on the
phone, with 28 % of the sample indicating difficulty.
The instrumental activities causing difficulty most often
were light housework (77 %), shopping (76 %), preparing
meals (65 %) and getting around/traveling (64 %).

Cognitive functioning
The mean score of the shortened MMSE was 16.45 ±
4.04 (out of 21; Table 2). The mean Global Deterioration
Scale score was 1.44 ± .91 (out of 7), also indicating few
cognitive restrictions. Ninety-three individuals (93 %)
had no or little cognitive limitations (scores of 1 to 3),
and seven individuals (7 %) had moderate limitations
(scores of 4 and 5).

Social resources
The mean number of living children was 1.36 ± 1.31. On
average, participants reported having three relatives to
talk to at least once a month (2.97 ± 1.30), two relatives
as confidants (2.03 ± 1.36), and two relatives as SOS con-
tacts (2.18 ± 1.46; Table 2). Relative to family contacts,
the number of friends available to talk at least once a
month was smaller (2.32 ± 1.77), as was the number of
friends being confidants (1.45 ± 1.54) and SOS contacts
(1.53 ± 1.70). To compare the amount of social sup-
port received by near-centenarians and centenarians

with younger individuals in prior studies, we combined
the variables into a family, friends and total support sum
score [29, 32]. On average, the total support score was
12.24 ± 6.36, the family support score was 7.11 ± 3.44
and the friends support score was 5.25 ± 4.41. Using 11
or less as cut-off for the total score and 5 or less for the
family and friends score [29, 32], we found that, when
considering their total network, half of the sample
(51 %) was at risk for social isolation. Considering family
support, the percentage at risk was smaller (34 %), but
for friendship support, the risk was double (58 %).

Mental health
Mental health was relatively high in this sample (Table 2).
Mean depression score was 4.10 ± 3.41, and 72 % partici-
pants had few or no depressive symptoms (i.e., GDS
scores 0–4). Over 80 % of the sample did not meet the
criteria for clinical depression (GDS scores 8 and
higher). Mean life satisfaction was 2.07 ± 1.14, indicating
moderate life satisfaction. About 66 % reported moder-
ate to very high life satisfaction. About 25 % were “a lit-
tle” satisfied and only 9 % were not satisfied with their
lives.

Gender differences
There were no gender differences, except for marital
status, χ2 (4, N = 119) = 8.99, p < .05, φ = .30: More males
than females were still married.

Predictors of mental health
Subsequently, we examined which variables predicted
mental health. Table 3 includes correlations and Table 4
summarizes regression analyses. The domain-specific
models indicate that demographic and cognitive vari-
ables had little predictive value and the overall models
were not significant. The health variables models ex-
plained substantially more variance. Specifically, subject-
ive health was a significant predictor of both depression
and life satisfaction, and IADL was significant for de-
pression and PADL for life satisfaction. The social vari-
ables model was significant only for depression, with a
significant effect for Friends Support and a marginal
effect for Relatives Support, but explained less variance
than the health model.
The combined regression model for depressive symp-

toms included the predictors subjective health, IADL,
relatives support and friends support (Table 4). Friends
support was not statistically significant in this combined
model (p = .15) and was excluded. The final model ex-
plained about one third of the individual differences in
depression. Subjective health was the strongest predictor,
explaining 9.2 % of independent (unique) variance,
followed by IADL capacity with 7.1 %, and relatives sup-
port with 4.7 %.

Table 2 Central study variables: Number of participants
providing information, Observed range, Mean level, Standard
deviation

Key study variables N Min Max Mean (SD)

Number of illnessesa 116 0 11 4.85 (2.32)

Subjective healthb 119 1 5 2.97 (1.12)

PADLc 108 0 14 10.41 (3.67)

IADLd 102 0 14 8.89 (4.05)

MMSEe 119 5 21 16.45 (4.04)

GlobDetScalef 100 1 5 1.44 (.91)

Number of living childreng 119 0 6 1.36 (1.31)

Family support score 95 0 15 7.11 (3.44)

Friends support score 95 0 15 5.25 (4.41)

GDSh 107 1 14 4.10 (3.41)

Life satisfactioni 112 0 4 2.07 (1.14)
aHealth conditions included: high blood pressure, heart condition, diabetes,
chronic lung disease, ulcers or other serious stomach issues, cirrhosis or other
liver problems, kidney condition, frequent urinary infections, incontinence,
prostate problems, problems with vision or hearing, arthritis, osteoporosis,
stroke, cancer, pneumonia, falls, and other. Within the “other” category, 20
additional conditions were mentioned. The resulting theoretical range was 0–36.
bsubjective health theoretical range: 1–5. cPADL Personal Activities of Daily Living
(range: 0–14). dIADL Instrumental Activities of Daily Living (range: 0–14). eMMSE
Mini-Mental State Examination (shortened, range: 0–21). fGlobDetScale Global
Deterioration Scales (range: 1–7). gNumber of living children: 6 indicates 6 or
more. Due to an outlier with more than 20 children (biological and adopted), this
variable had to be curtailed. hGDS Geriatric depression scale (range: 0–15). iLife
satisfaction range 0–4. SD Standard Deviation
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Table 3 Correlations among central study variables

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Background variables

1. Age ––

2. Gender 0.15*** ––

3. Residence (1 = priv, 2 = inst) −0.05 0.08 ––

4. Widowed (1 = yes, 0 = no) 0.06 0.07 −0.05 ––

5. Education −0.19* −0.02 −0.13 −0.03 ––

6. US born (1 = yes, 0 = no) 0.05 −0.03 0.17 0.14 0 .14 ––

Physical functioning

7. Number of illnesses −0.08 −0.01 −0.10 0 .07 0.05 0.05 ––

8. Subjective health 0.12 −0.10 −0.04 0.00 0.01 0.05 −0.19* ––

9. PADL −0.02 −0.15 −0.32** −0.04 0.11 −0.06 −0.46** −0.27** ––

10. IADL −0.13 −0.14 −0.11 0.06 0.08 −0.03 −0.31** −0.17*** 0.77** ––

Cognitive functioning

11. MMSE −0.18* −0.08 −0.05 0.12 0.24** 0.12 0.15 −0.02 0.08 0.21* ––

12. GlobDetScalea −0.10 −0.03 0.06 0.00 0.03 0.09 0.18*** 0.00 0.08 0.12 0.75* ––

Social resources

13. Number of living children −0.13 −0.09 0 .00 0.22* −0.03 0.08 0.01 −0.04 −0.13 −0.03 0.03 0.04 ––

14. Relatives support −0.11 −0.04 −0.02 0.04 0.27** 0.20*** 0.01 0.11 0.04 0.08 0.10 0.07 0.27* ––

15. Friends support 0.08 0.00 −0.01 −0.01 0.08 0.24* 0.01 0.15 0.20*** 0.30** 0.14 0.07 −0.9 0.28* ––

Mental health

16. GDS 0.11 0.08 −0.01 0.00 −0.04 0.02 0.20* −0.36** −0.37** −0.38** −0.05 −0.08 −0.15 −0.30* −0.31*

17. Life satisfaction −0.01 −0.07 −0.13 0.15 −0.08 0.05 −0.11 0.26** 0.27** 0.18*** 0.09 0.02 0.25* 0.20*** 0.15 0.51* ––

Residence priv private, inst = institution. PADL = Personal Activities of Daily Living; IADL = Instrumental Activities of Daily Living; MMSE =Mini-Mental State Examination, shortened, max. 21); GlobDetScale = Global
Deterioration Scale; GDS = Geriatric Depression Scale; aReverse coded for ease of interpretation; Higher values indicate better functioning (except Number of Illness and GDS)
*p < 0.01 (2-tailed); **p < 0.05 (2-tailed); ***p < 0.10 (2-tailed)
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For life satisfaction, the combined regression model
included residence type, subjective health, PADL,
number of living children and friends support. Resi-
dence type (p =. 99) and friends support (p =. 38)
were not statistically significant and were also ex-
cluded. The final regression model explained 20 % of
the variance, which was less than the variance ex-
plained by the model for depression. The strongest
predictor was subjective health explaining 5.9 %
unique variance, followed by number of living chil-
dren (5.7 %) and PADL (4.6 %).

Discussion
The aim of the present study was to investigate the
physical, cognitive, social and mental health of very old

individuals living in New York, by determining their
levels of functioning and the predictive value of demo-
graphic, cognitive and social variables for the men-
tal health indicators depressive symptoms and life
satisfaction.
Findings showed substantial health restrictions in very

old age, supporting prior studies [13]. Participants had
about five diagnoses, which was a slightly higher number
than previously reported, suggesting a considerable
illness-related burden. In contrast to their poor objective
health, participants reported high subjective health, also
paralleling earlier findings [33] Functional capacity was
rather high for PADLs and more limited for IADLs, and
both were higher than previously reported [10, 33, 34].
Male study participants did not differ in any health

Table 4 Regression models predicting depression and life satisfaction: Domain-Specific and combined models

Depression Life satisfaction

B β p R2 B β p R2

Demographic model .01 .05

Age .12 .08 .43 −.01 −.03 .76

Gender .37 .05 .66 −.09 −.03 .74

Residence (1 = priv, 2 = inst) −.12 −.02 .88 −.38 −.15 .15

Widowed (1 = yes, 0 = no) −.13 −.02 .88 .32 .12 .21

Education −.05 −.03 .80 −.07 −.11 .29

US born (1 = yes, 0 = no) .24 .03 .76 .17 .07 .51

Physical functioning model .27* .14*

Number of illness .09 .07 .52 .04 .09 .44

Subjective health −1.02 −.33 .00 .29 .28 .01

PADL −.07 −.07 .64 .08 .24 .16

IADL −.20 −.24 .09 −.01 −.02 .90

Cognitive functioning model .01 .00

MMSE .05 .04 .76 .00 −.01 .96

GlobDetScalea −.46 −.10 .46 .04 .03 .86

Social resources model .15** .08***

Number of living children −.25 −.10 .35 .17 .20 .07

Relatives support score −.20 −.20 .07 .03 .09 .43

Friends support score −.21 −.26 .01 .04 .14 .20

Combined model .28* .20*

Subjective health −.96 −.31 .002 .26 .25 .009

PADL – – – .07 .22 .019

IADL −.24 −.27 .005 – – –

Number of living children – – – .22 .24 .009

Relatives support score −.22 −.22 .023 – – –

Variable selection for combined models was based on including all variables from domain-specific models with p ≤ .20. Number of predictor variables were then
further reduced using a stricter criterion of .10 or less. – indicates that this variable has not been used in this regression model. Combined model for depression:
n = 88. Combined model for life satisfaction: n = 102. aReverse coded for ease of interpretation. Higher values indicate better functioning (except Number of Illness
and GDS)
Residence priv private, inst institution; PADL Personal Activities of Daily Living; IADL Instrumental Activities of Daily Living; MMSE Mini-Mental State Examination
(shortened, max. 21); GlobDetScale Global Deterioration Scale; GDS Geriatric Depression Scale
*p < 0.01; **p < 0.05; ***p < 0.10
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indicators from females, which is of note given prior work
suggesting that very old men are a healthier group [6, 11,
12, 35–37]. That we found a gender difference only for
marital status may be due to the rather small number of
males in our sample, reflecting the gender distribution in
this population.
Overall, study participants had high cognitive func-

tioning, and only a minority demonstrated moderate
impairment. This supports prior studies indicating
that very old individuals are not necessarily character-
ized by cognitive impairment [14–16]. However, that
over 90 % of the participants had few or no cognitive
limitations (Global Deterioration Scale score of 1 to
3) likely reflects the fact that we included only those
who were able to provide reliable self-report, which is
a requirement for measuring mental health status dir-
ectly from the participant. The somewhat higher cog-
nitive capacity may also be related to the fact that
the number of centenarians living in the community
was substantially higher in the present study than in
other US centenarian studies. In our sample, 74 %
lived in private homes, whereas, for example, only
49 % lived in the community in the Georgia Centen-
arian Study [38]. Given that centenarians were even
somewhat more likely to live in the community com-
pared to the near-centenarians (p = .08), age difference
between samples seems not to play a role. Alterna-
tively, differences in residence could be related to life
circumstances: As a large city, New York offers many
more services, which is likely to enable the very old
to live in private households for longer than in more
rural communities.
In comparison to studies with younger individuals, so-

cial functioning of the near-centenarians and centenar-
ians was poor. Although most participants had at least
one person for communication/social support, their
overall support score of 12 was substantially lower than
that of young-olds (70 to 80 year old), who scored be-
tween 16 and 18 [29, 32]. Most participants reported
two to three family members, and one to two friends
within the individual support categories contact, confi-
dant and SOS contact. Although we do not know who
exactly these individuals are, it is likely that there is
overlap across categories, meaning that for example the
child as main go-to-person is mentioned in all categor-
ies. Half of the sample was at risk for social isolation,
which was also a substantially higher proportion than in
younger samples (e.g., 11 to 20 %) [29, 32]. Similar to
findings from Australia centenarians [10], friends were
less available than family: Compared to the younger
individuals [29, 32], the very olds’ risk for social isola-
tion was about double for the family network and
about three times higher for the friend network.
Unlike family members who come from different

generations, friends tend to be close in terms of age;
a reduced friend network is thus a likely consequence
of the survivor status.
Levels of mental health were quite high, as indi-

cated by 80 % of participants having depressive symp-
toms below the clinically relevant threshold and two
thirds being satisfied with their lives. These findings
are in line with prior centenarian studies from the US
[39, 40], Australia [10, 41], and Germany [20], dem-
onstrating considerable resilience in the very old.
However, individual differences in depression and life
satisfaction show that not all of them are able to
maintain their mental health: That one fourth said
they were only a little satisfied with their lives, and
that a notable minority had depression levels suggest-
ing a need for treatment indicates that the capacity to
adapt to age-related difficulties is challenged in some
very old individuals.
Our findings further added to growing work about

factors related to mental health in very old age, to
determine potential underlying mechanisms [19]. Sig-
nificant mental health predictors came from all se-
lected domains of functioning, which supports our
comprehensive approach and recommends considering
multiple domains in risk evaluation and intervention
efforts. Subjective health was the strongest predictor
in all regression models, whereas objective health in-
cluding number of diagnoses or cognitive status did
not play a role, replicating studies with younger pop-
ulations [42]. Functional health was also crucial for
mental health, and IADLs played a stronger role for
depression, and PADLs for life satisfaction. Thus,
functioning rather than number of diseases was essen-
tial for mental health. The importance of family was
evident either as relatives support (depression) or
number of children (life satisfaction). Differential find-
ings make sense given that lack of support and loss
of meaning are risks for depression: At age 100, fam-
ily has a key role by organizing or providing care and
helping with more complex activities (e.g., operating
the phone), allowing for more meaningful and re-
warding experiences (e.g., talking on the phone to
loved ones). Given that life satisfaction is composed
not only of evaluations of present aspects, but also of
life achievements, it makes sense that core life ac-
complishments such as the number of children con-
tribute to life satisfaction. As the very olds adaptively
change their standards, being able to care for oneself
at this advanced age becomes an important source of
pride, reflected by the link between PADLs and life
satisfaction.
One limitation of the present study is that, despite

using a population-based sampling approach, only a sub-
set of eligible centenarians participated in the study.
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However, the gender and racial breakdown in our study
was very similar to the total US near-centenarian and
centenarian population [1]. Also, since we wished to use
participants’ (and not proxy respondents’) information
on depression and life satisfaction, we could include only
participants whose cognitive status allowed reliable self-
reports. Thus, very old individuals with very poor cogni-
tive functioning are not considered in our study.
Although this has clearly resulted in a sample with a
higher cognitive functioning (compared to those stud-
ies who use proxy information), we were nevertheless
able to include individuals with a range of cognitive
capacity by adapting our study procedures and mea-
sures to participants’ capacities. Nevertheless, the cog-
nitive functioning in our sample is certainly higher
compared to the total population of very old individ-
uals. Furthermore, data structure does not allow for
causal interpretation. Another limitation is that, due
to sample size, regressions did not include all vari-
ables concurrently. Although our sequential approach
resulted in reliable findings, combination of predictors
may have had an influence: for example, friendship
support was significant in the social model, but lost
significance when including functional health (which
is not surprising given the shared variance between
both). Similarly, PADLs and IADLs were highly corre-
lated, so differential predictive values have to be
interpreted with care. As a final point, one needs to
consider that there may be other potential aspects
that could explain interindividual differences in men-
tal health that were not included in our analysis, such
as genetic factors.

Conclusions
In conclusion, our population-based study shows
that near-centenarians and centenarians are limited
in many ways, most notable with respect to health
and social support, yet their mental health seems to
not reflect these limitations. Although study findings
suggests that health evaluations, everyday compe-
tence, children and family support are among the
underlying factors, future work using a similar com-
prehensive and multidimensional approach is needed
to better understand resilience mechanisms and po-
tential risks, ensuring that the growing number of
very old experience high quality of life in their
remaining years. Besides increasing our understand-
ing, this knowledge base will furthermore help to
develop support structure and services for this spe-
cial age group, which take into account their specific
needs, including their physical and social vulnerabil-
ity as well as their preference for living in the
community.
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