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Abstract
Objectives—To measure the incidence of disability in individuals aged 90 and older and
examine factors that may increase risk of disability.

Design and Setting—The 90+ Study, a longitudinal study of aging initiated in January 2003
with follow-up through May 2009.

Participants—216 non-disabled, prospectively followed participants who were aged 90 or older
at baseline.

Measurements—The incidence of disability, measured as needing help on one or more
Activities of Daily Living, and calculated using person-years. Risk factors were examined using a
Cox proportional hazards analysis.

Results—The overall incidence of disability was 16.4%per year (95% confidence interval, 13.3–
20.0), and did not differ by gender. Disability incidence increased with age from 8.3%in the 90–94
age group to 25.7%in the 95 and older age group. Several factors were associated with increased
risk of disability including history of congestive heart failure, history of depression poor self-rated
quality of life and cognitive impairment.

Conclusion—Disability incidence is high and increases rapidly with age in the oldest-old, with
rates essentially tripling between ages 90–94 and 95+. Some factors associated with increased risk
of disability in younger elderly continue to be risk factors in the oldest-old. Because of the
tremendous social and financial impact of disability and the rapid growth of the oldest-old, the
development of strategies to delay disability in the elderly should be a priority for health care
research.

Introduction
As life expectancy in the United States has risen, the number of elderly in the population has
also grown. People aged 90 and older have become the fastest growing age group in the
country and now comprise almost 2% of the United States population1. Disability is highly
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prevalent in the oldest-old2, reaching 97% in centenarians3. Although there is some
evidence that the overall disability rate by age has declined in the United States4, there is
evidence that this decline may have recently ended5. This cessation in decline seems to still
be a matter in question6. Regardless, disability in the elderly has a major social and financial
impact upon society7 and provides numerous challenges to the elderly, their families and
their physicians.

Many researchers have examined factors that may be associated with the risk of disability in
the elderly, but most have not included data on people aged 90 and older. These factors have
ranged widely, including physical limitations8, level of physical activity9, depression10,
cognitive status11, comorbidities12, falls13, self-rated health14 and social interaction15.

We estimated the incidence of disability in a sample of participants aged 90 and older, The
90+ Study. Additionally, in order to identify potentially modifiable risk factors for disability
in the oldest-old, we examined a variety of factors and their effects on incident disability.

Subjects and Methods
Study Sample

In the early 1980s, a health survey was mailed to residents of Leisure World, a retirement
community in southern California. The 13,978 residents who completed the survey became
members of the Leisure World Cohort Study. Participants were mostly female, 99%
Caucasian and well educated. These participants were followed longitudinally, and several
follow-up surveys were completed. The 1150 participants who were alive and aged 90 or
older on January 1, 2003 were invited to join The 90+ Study. As of December 31, 2007, 950
participants had enrolled.

Assessments
In order to be flexible with the wide range of health statuses among people aged 90 and
older, participants of The 90+Study could participate at several different levels. Those who
were able to underwent a biannual comprehensive in-person evaluation that included
demographics, past medical history, family history, functional assessments, neurological
examination, and a neuropsychological battery. However, those who were unable to be seen
in person were still able to provide information via self-completed or informant-completed
mailed questionnaires, which included demographics, past medical history, family history
and functional assessments.

Determination of Disability
In order to determine disability status, participants in The 90+ Study were asked to identify
an informant, a person who would best be able to provide researchers with information
about their functional abilities via mail and telephone. While the participant was alive, a
questionnaire was mailed annually to the informant asking about the participant’s functional
abilities. In 57.8% of the cases, the informant was a son/daughter or son/daughter-in-law.
Other informants included siblings, neighbors or paid caregivers (18.5%), spouses (10.2%)
or other (13.5%). This mailed questionnaire included the Katz index of Activities of Daily
Living (ADLs)16, which is one of the most widely used scales for measuring disability with
well established reliability and validity17. Disability was defined as needing help from
another person in order to perform one or more ADLs (feeding, dressing, bathing, toileting,
transferring and walking indoors). Although this definition represents a somewhat later stage
in the disablement process, by using the stricter definition of disability (needing help from
another person), we were able to include more participants in the incidence analysis.
Furthermore, our definition of disability did not include analysis of the Instrumental
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Activities of Daily Living (IADLs), and thus the participants classified as nondisabled may
have had impairments in one or more IADLs.

Individuals that found one or more ADLs difficult to perform at baseline, but did not yet
require help from another person, were included in the incidence analysis and were
classified as having ADL difficulty at baseline. Written informed consent was obtained from
all participants or their surrogates. The Institutional Review Board of the University of
California, Irvine, approved all procedures.

Determination of Potential Risk Factors
A variety of factors that have been previously found to be related to disability in younger
elderly were examined as potentially related to incident disability in this oldest-old cohort
including medical histories, quality of life, level of exercise, and cognitive status. Medical
history variables were obtained from either the participant or an informant at baseline and
included history of dementia or memory loss, depression, stroke, transient ischemic attack
(TIA), coronary artery disease, myocardial infarction, atrial fibrillation, heart valve disease,
high cholesterol, hypertension, congestive heart failure (CHF), osteoarthritis, rheumatoid
arthritis, diabetes, thyroid disease and any falls in the past year. Prevalent dementia at
baseline for all participants in this cohort was established as previously described18.

Additional measures were obtained from the subset of participants who were seen in-person.
Participants were asked how often they participated in vigorous exercise, dichotomized as <
once per month or ≥ once per month. Self-rated quality of life (QOL) was determined by
having participants complete the Quality of Life – Alzheimer’s Disease scale (QOL-AD)19
and scores less than the median (40 out of a total 52) were considered low self-rated QOL.
Participants were asked how often they had social contact with friends and relatives either
in-person or over the phone and were dichotomized as < weekly or ≥ weekly. Measures of
cognitive status, including the Mini Mental StateExam20 (MMSE) and the California Verbal
Learning Test II Short Form21 (CVLT) scores were also obtained from the subset of
subjects seen in-person at baseline. The MMSE is a test of global cognition, whereas the
CVLT is a test of verbal memory. AMMSE score of <23 and a CVLT long delay score < 4
were used to differentiate groups for analyses. These cut points were determined from
previous studies in this cohort showing that a MMSE score of < 23 had high sensitivity and
specificity for predicting dementia22, and from normative scores of the CVLT in this
cohort23. If participants were impaired in any of the cognitive measures (history of
dementia, prevalent dementia, low MMSE or low CVLT), they were included into an “any
cognitive impairment” summary measure.

Statistical Analyses
We restricted our analyses to the 216 participants who were not disabled at baseline, as
ascertained by informant questionnaire, and had at least one additional follow-up informant
questionnaire. Figure 1 shows a flow chart of participants included in the incidence
estimates.

Incidence rates were computed for strata of sex and 5-year age categories (90–94, 95+ years)
using a person-years analysis. Participants were at risk and contributed person-years from
the date of their baseline evaluation until the date of the follow-up evaluation when
determined to have disabilityor the date of the last follow-up evaluation when determined to
not have disability. A 95% confidence interval (CI) for the incidence rate was computed
assuming a Poisson distribution for the number of incident cases in each age and gender
strata. The relative risk (RR) of age was assessed by fitting a Poisson regression model. Risk
factors for incident disability were examined using Cox regression models, with age as the
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time scale. A P value of less than 0.05 was considered statistically significant. All analyses
were done using SAS 9.2, SPSS Statistics 17.0, and STATA 7.0 for Windows.

Results
Table 1 shows the baseline characteristics of the participants. Participants were highly
educated, 40.7% having at least a college degree. Although the age range was from 90–101,
76.4% were younger than 95 at baseline. Almost half of all participants already had
difficulty with 1 or more ADLs at baseline. Participants who developed disability were
significantly older, less likely to live at home alone, and much more likely to have ADL
difficulty at baseline.

Of the 216 participants, 96 cases of incident disability were identified, resulting in an
incidence rate of 16.4% per year (Table 2). Incidence rates increased across age categories
(RR=3.07, 95%CI=1.96–4.82), rising from 8.3% per year for ages 90–94 to 25.7% in the 95
and older age group. There was no significant interaction between age and gender in the
prediction of incident disability.

Each predictor variable was examined independently, using a Cox regression model (Table
3). The strongest risk factors for incident disability were history of CHF (HR=2.68,
95%CI=1.41–5.10), baseline difficulty with any ADL (HR=2.56, 95%CI=1.67–3.94) and a
history of depression (HR=2.42, 95%CI=1.37–4.29). Having a low self-rated quality of life
(HR=2.24, 95% CI=1.25–4.03) or rare contact with family and friends (HR=2.23,
95%CI=1.10–4.53) also predicted incident disability. Baseline cognition was strongly
related to disability as a MMSE score below 23 (HR=2.09, 95%CI=1.17–3.73), a history of
dementia or memory loss (HR=2.05, 95%CI=1.11–3.78), and a CVLT long delay score
below four (HR=1.86, 95%CI=1.07–3.26) were all associated with increased disability
incidence. Aside from history of depression and congestive heart failure, no other medical
history variables were associated with incident disability. Level of vigorous exercise was
also not related to disability. In order to ensure that the risk factors were not themselves the
result of ADL difficulty as baseline, we examined a second regression model that adjusted
for number of ADLs found difficult at baseline. The effects of all significant predictors of
incident disability remained significant and were similar in magnitude after this adjustment,
with the exception of history of dementia or memory loss at baseline (HR=1.40,
95%CI=0.72–2.70).

In order to determine if disability in this cohort was a dynamic process in which recovery
was possible, we examined how many participants transitioned from nondisabled to disabled
and back to nondisabled on a subsequent follow-up visit. Of the 96 participants who became
disabled during follow-up, only seven (7.3%) were considered nondisabled on a subsequent
visit. Because so few participants recovered, disability among those aged 90 and older may
be a less dynamic process involving injury and recovery, but instead represent a more
chronic permanent decline in function.

Discussion
In this study, we found very high levels of incident disability in the oldest-old, with
incidence rates essentially tripling with 5 years of age. Our incidence estimates for 90–94
year old participants are slightly higher than previous studies that examined somewhat
younger cohorts24, 25, suggesting that our findings are consistent with the literature.
Incidence rates of disability in these younger cohorts (aged 80+) roughly double after 5
years of age. Because our incidence rates tripled after 5 years of age, there might be an
acceleration of disability incidence after age 90. We have previously shown that the
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prevalence of disability also increases with age in this cohort3. Therefore, both the
prevalence and incidence of disability increase with age past age 90. However, it is
important to note that the incidence rate of the 95+ group was 3 times higher than the 90–94
group, whereas the prevalence of the 95+ group was only 65% higher than the 90–94
group3. These findings suggest a decreased duration of disability with increased age, likely
due to the increases in mortality.

This study found no difference in the incidence of disability between men and women.
Previous studies have described conflicting results; some found no gender differences in
disability incidence26, whereas others have noted that women have a greater incidence than
men27. In this cohort, women had a greater prevalence of disability than men3 without
increased incidence of disability. An explanation may be that men are more likely to recover
from disability than women are; however, our findings suggest that recovery from disability
in this age group is uncommon. It is more likely that women are remaining disabled longer
than men and thus disabled women have decreased mortality compared to disabled men,
which has been described before in disabled elderly stroke patients28.

Cognitive impairment was one of the largest predictors of incident disability. The summary
measure had an odds ratio of similar magnitude to each individual cognitive measure,
despite identifying many more individuals than any one measure alone. This suggests that
the method of determining cognitive impairment may not be critical. Specifically, having a
history of dementia or memory loss or having a low MMSE score at baseline more than
doubled the risk of disability. These findings confirm the link between cognitive and
physical health in the elderly29, 30. There are several potential mechanisms for this
relationship. Cognitive impairment may lead to disability through the direct inability to
perform ADLs due to cognition, for example, being unable to dress because one has
forgotten how zippers and buttons operate. Whereas this is possible, other ADLs, such as
transferring, rely heavily on physical rather than cognitive ability. Another explanation is
that cognitive impairment may lead to disability through the loss of physical, not cognitive,
health. Those with cognitive impairment are less likely to maintain physical health31, which
in turn may lead to disability. Therefore, cognitive impairment may be the cause of the
physical decline.

Another possibility is that the participants with cognitive impairment may already have
difficulty performing ADLs, but not enough to require help. Thus, in this case, our cognitive
impairment measure may simply be identifying participants with prior ADL difficulty,
which is itself a risk factor for incident disability. When adjusted for ADL difficulty at
baseline, history of dementia or memory loss no longer significantly predicted disability.
This measure may have simply represented those participants who already had some ADL
difficulty at baseline. However, after adjustment for ADL difficulty, low MMSE or CVLT
scores still predicted disability, suggesting that direct measures of global cognition and
memory predict disability incidence even after adjusting for baseline functional loss.

Our findings suggest that cognitive impairment is associated with a doubling of the risk of
disability past age 90, whereas studies in younger cohorts have found smaller magnitude
effects32. Therefore, our findings agree with others that have found that cognitive
impairment may become a more important predictor of disability with increasing age29.
Overall, it appears that cognitive impairment likely predicts incident disability and any
preventive measures taken to reduce dementia in the oldest-old may have the added benefit
of reducing disability levels also.

Several medical history variables were associated with incident disability, including history
of CHF. This confirms previous findings that CHF sufferers have an increased likelihood of
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subsequent disability and poorly perceived health33. Additionally, cross-sectional studies
have shown people with CHF have a lower overall quality of life34. With the increased
aging of the population and increased survival after myocardial infarctions, the prevalence
and incidence of CHF is rising in the United States35. It will be important to prepare for a
potential increase in disability as a result. Reduction of risk factors for CHF, which is
already a prioroity of modem health care, could possibly have the added benefit of reducing
incident disability in the oldest-old as well. A history of depression was also associated with
an increased risk of disability. Studies measuring depressive symptoms directly have found
increases in risk of disability as well11, 36. Depression, whether current or by history,
presents an important risk for incident disability in the elderly, and thus a potential
therapeutic target. Because of the likelihood that baseline ADL difficulty could cause
depression, we adjusted for the number of ADLs found to be difficult, and found that history
of depression was still associated with disability. However, it is still unknown if reducing
depression in the elderly will be helpful in reducing disability incidence. Studies examining
antidepressant medications and incident disability will be helpful in understanding this
relationship.

Of all the other medical history variables examined, most were not associated with increased
disability, including history of stroke, TIA and myocardial infarction. Finding that cognitive
impairment, but not co-morbidity is associated with disability is common30, 37, but may
simply be the result of the way in which the co-morbidity is measured. Because these events
are typically acute, they likely cause disability immediately, and a history of such an event
may not predict disability in a person who is nondisabled at baseline. Therefore, new
occurrences (i.e. after baseline) of these events may be more associated with incident
disability.

Exercise has previously been associated with decreased disability incidence in the younger
elderly38. Although exercise was not significantly associated with disability in our study, in
frequent exercise was in the direction of being associated with increased disability
incidence. There are several possible reasons why this study was unable to replicate
previous findings. The definition of exercise may differ between the oldest-old and younger
old ages, such that what oldest-old subjects consider vigorous exercise may not be of
sufficient intensity or duration to modify their risk of becoming disabled. Similarly, our
measure of exercise may not be sensitive enough to distinguish the subtle differences in
physical activity that may modify disability risk in the oldest-old. Conversely, the protective
effects of exercise may simply be exclusive to younger ages, and by age 90, exercise of any
intensity may only have minimal benefits in preventing disability. These distinctions will be
increasingly important as many exercise-based interventions are currently being examined
for the prevention of disability in the elderly.

The concept of QOL has previously been suggested to be highly related with disability in the
elderly39. In our study, a low QOL was predictive of incident disability, even after adjusting
for baseline ADL difficulty. Individuals with a low QOL may feel less motivated to
maintain their health, which could lead to disability. Thus, in the oldest-old, self-reports of
QOL may be an effective way for clinicians to evaluate the risk of disability in the future.
Furthermore, it may be possible to delay disability onset by modifying QOL and thus further
research is warranted.

Participants in this study who had less than weekly contact with family or friends were more
than twice as likely to become disabled. Social contact has previously been associated with
decreased levels of depression, increased QOL, and decreased disability40. Infrequent social
contact could be acting as a proxy for depression or low QOL, however, our data suggest
that infrequent social contact predicts disability incidence independent of these other
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measures. Additional analyses were performed to assess the relationship between social
contact and incident dementia after adjusting for history of depression and low QOL, and
rare social contact remained a significant predictor of incident disability (HR=3.65,
95%CI=1.50–8.91). The biological mechanisms explaining this effect are still largely
unknown and further research is warranted.

Several limitations to this study require discussion. First, although The 90+ Study is one of
the largest studies dedicated to the oldest-old, the population is predominantly white and
highly educated. Therefore, this population may have limited generalizability to other
populations of people aged 90 and older. However, despite the modest representation of
minority subjects in this cohort, these numbers reflect the composition of the oldest-old in
Orange County, California41 and the US as a whole. A second limitation is that disability
status was established using data from informants, not from the participants themselves.
Informant-based measures of disability tend to overestimate disability, especially in the
elderly42. However, the study used an informant-based questionnaire in order to be able to
assess functional status in participants who may to be unable to fill out a questionnaire
themselves due to sensory or cognitive impairments. Third, because 120 participants (36%
of those non-disabled at baseline) had no follow-up information, we were unable to
determine their disability incidence. About half of these participants died within one year of
their baseline and about half did not have follow-up information for another reason, such as
a reliable informant could no longer be reached. For those subjects that died before a follow-
up, it is possible that they became disabled before death. Nevertheless, because those
without follow-up could differ from those included in the analysis, the resulting sample may
be biased. We compared those who had follow-up information to those who did not, and
found that the two groups did not differ in gender, level of education or baseline scores on
the MMSE or CVLT. However, participants without follow-up were older, more likely to
live in an institution and more likely to have ADL difficulty at baseline. Additionally, those
who died after at least one follow-up visit (and were non-disabled at their last follow-up)
were assumed nondisabled until death. Therefore, in this way we may have underestimated
disability as some subjects may have become disabled between our last follow-up and death.
Because of these differences, it is possible that this study has underestimated the incidence
of disability in those aged 90 and older, and the real incidence may in fact be even higher
than the values presented. Fourth, when examining the risk factors for disability, several of
the predictors (i.e. MMSE, CVLT) were only available on the subset of participants who
were examined in-person. Although this could be a potential source of selection bias, there
were no differences between participants with or without a MMSE in age, education or
baseline ADL difficulty. Finally, the analysis of potential risk factors made use of multiple
comparisons, which greatly increases the potential for type 1 errors. Although we adjusted
our alpha value to 0.01, the chance for a type 1 error is still elevated. However, all of the risk
factors for disability were selected from factors previously reported as associated with
disability and therefore represent hypothesis driven analyses.

This investigation details the alarming increase in disability with age in the oldest-old. The
rapid growth of this age group and their high rates of disability will have a tremendous
financial impact throughout the United States as people living with disability have much
higher health care expenditures than those who are not disabled43. A recent study found that
health care costs of people with difficulty in 5–6 ADLs are almost 30 times greater than
those with no ADL difficulty. Moreover, subjects with cognitive impairment as well as
disability have health care costs over 50 times greater44. Medicare costs for people aged 85
and older already exceed $80 billion45, and are increasing with the rapid expansion of the
elderly in the population. The current study has identified several risk factors associated
with increased disability incidence in the oldest-old, several of which may be modifiable.
More research is needed to see if modifying these risk factors would result in a reduction in
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disability incidence. Even a modest reduction in incidence of disability through risk factor
modification could result in significant savings in healthcare spending.

In addition to the tremendous financial toll that disability takes on the elderly and their
families, there is an equally devastating social cost of disability. Although not as easily
measured, the loss of functional ability leads to a variety of negative outcomes for all those
affected. Whether it is the physician who is unable to provide proper treatment because of a
patient’s inability to reach the clinic, or the caregiver who suffers from anxiety due to the
stress of a caring for a disabled parent, disability is a basic social issue with wide reaching
effects. One of the goals of this study was to quantify the extremely high levels of incident
disability seen in the oldest-old, as well as aid in the formation of potential interventions to
prevent this disability onset. Educating physicians, patients, families and caregivers in the
lifestyle factors associated with disability onset (social isolation, depression, low QOL), it
gives them the tools to both identify risk factors and potentially reduce the risk of disability.
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Figure 1.
Flow-chart of The 90+ Study participants included in the incident disability analysis.
Participants were excluded if an informant questionnaire was not completed, if they were
disabled at baseline, or if they had no follow-up.
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Table 1

Characteristics of Participants in The 90+ Study

Disability status at follow-up*

Characteristic All Participants (n=216) Not Disabled (n=120) Disabled (n=96)

No. (%) No. (%)

Sex

 Men 56 (25.9) 36 (30) 20 (20.8)

 Women 160 (74.1) 84 (70) 76 (79.2)

χ2
(1) = 2.3; P = 0.16

Age category at baseline, y

 90–94 165 (76.4) 101 (84.2) 64 (66.7)

 95+ 51 (23.6) 19 (15.8) 32 (33.3)

χ2
(1) = 9.1; P = 0.004

Education

 < High School 17 (7.9) 8 (6.7) 9 (9.4)

 High School to Some College 111 (51.4) 61 (50.8) 50 (52.1)

 College Degree or More 88 (40.7) 51 (42.5) 37 (38.5)

χ2
(2) = 0.7; P = 0.70

Living situation at baseline**

 Living alone 123 (56.9) 78 (66.7) 45 (53.6)

 In household with spouse, relatives or caregiver 54 (25) 32 (27.4) 22 (26.2)

 Group quarters 23 (10.6) 7 (6.0) 16 (19.0)

 Nursing home 1 (0.5) 0 (0) 1 (1.2)

χ2
(3) = 18.9; P = 0.008

ADL Difficulty at Baseline

 Any ADL 104 (48.1) 41 (34.2) 63 (65.6)

χ2
(1) = 21.1; P < 0.001

 Feeding 29 (13.4) 7(5.8) 22 (22.9)

 Bathing 35 (16.2) 9 (7.5) 26 (27.1)

 Dressing 39 (18.1) 9 (7.5) 30 (31.3)

 Transferring 58 (26.9) 18 (15.0) 40 (41.7)

 Toileting 28 (13.0) 8 (8.7) 20 (20.8)

 Walking 71 (32.9) 28 (23.3) 43 (44.8)

Mean (SD) Mean (SD)

Age at baseline, y 93.7 (2.4) 93.2 (1.9) 94.2 (2.8)

t(161.5) = 2.9; P = 0.004

Follow-up, y 2.7 (1.3) 2.8 (1.4) 2.6 (1.3)

t(214) = 1.5; P = 0.13

MMSE Score† 25.6 (3.7) 26.7 (2.5) 24.4 (4.5)
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Disability status at follow-up*

Characteristic All Participants (n=216) Not Disabled (n=120) Disabled (n=96)

No. (%) No. (%)

t(104.5) = 3.9; P < 0.001

CVLT Long Delay Score‡ 4.7 (2.8) 5.3(2.6) 3.9 (2.9)

t(115) = 2.7; P = 0.009

*
P values are from χ2 tests for categorical variables and from t-tests for continuous variables

**
Living situation information was unknown for 15 participants

†
MMSE was completed by 151 participants;

‡
CVLT was completed by 117 participants

ADL=Activities of Daily Living, SD=Standard Deviation, MMSE=Mini Mental State Exam, CVLT=California Verbal Learning Test-Short Form
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Table 2

Age-and Gender-Specific Disability Incidence Rates in The 90+ Study

Gender Age Number of New Cases Person Years Incidence per 100 person-years (95% CI)

Both 90–94 26 312.13 8.3 (5.4–12.2)

95+ 70 272.17 25.7 (20.1–32.5)

All ages 96 584.30 16.4 (13.3–20.0)

Men 90–94 7 84.44 8.3 (3.4–17.2)

95+ 13 65.66 19.8 (10.5–33.7)

All ages 20 150.11 13.3 (8.1–20.6)

Women 90–94 19 227.69 8.3 (5.0–13.0)

95+ 57 206.51 27.6 (20.9–35.7)

All ages 76 434.20 17.5 (13.8–21.9)
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