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ABSTRACT

Background: Longitudinal studies describing centenarians’ health trajectories are currently lacking. We compared health trajectories of older
adults becoming centenarians and their shorter-living counterparts in terms of chronic diseases, disability, and cognitive decline.

Methods: We identified 3,573 individuals participating in the Kungsholmen Project and the Swedish National Study on Aging and Care
in Kungsholmen who lived <100 years and 222 who survived to their 100th birthday. Trajectories of chronic diseases, disability (impaired
activities of daily living), and cognitive status were obtained via linear mixed models over 13 years.

Results: Centenarians had fewer chronic diseases than noncentenarians. Before age 85, centenarians showed slower health changes. In
centenarians, multimorbidity, disability, and cognitive impairment occurred 4 to 9 years later than in noncentenarians. After age 85, the speed
of accumulation of chronic diseases, disabilities, and cognitive decline accelerated in centenarians. At age 100, 39% of the centenarians were
cognitively intact and 55% had escaped disability. Only 5% were free of multimorbidity at age 100. When compared with their shorter lived
counterparts, in terms of years spent in poor health, centenarians experienced more years with multimorbidity (9.4 vs 6.8 years; p < .001),
disability (4.3 vs 3.1 years; p = .005), and cognitive impairment (6.3 vs 4.3 years; p < .001).

Conclusions: Older people who become centenarians present a delay in the onset of morbidity, but spend more years in this condition
compared to their shorter lived peers. The observation of older adults” health trajectories might help to forecast healthier aging, and plan future
medical and social care delivery.
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The global increase in life expectancy has led to an unprecedented
rise in the proportion of very old people (1). For instance, in Sweden,
there were only 105 centenarians in 1970; a number that increased
20-fold by 2017, reaching a total of 2,084 (2). The aging of the
population is one of humankind’s major accomplishments, but en-
suring that people age healthily remains a challenging goal. The first
concern is related to the quality of life—usually declining with age—
of seniors who live through their 70th decade and beyond (3). The
second issue relates to the future demands of medical and social care,
which will greatly depend on the health status of the coming gener-
ations of old and oldest old individuals. The comparison of centenar-
ians’ health status with that of their shorter living counterparts may
enable us to better understand the ongoing demographic transition
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and to detect—at the individual level—the ages at which health tran-
sitions are happening, both of which could improve prognostication.

According to Fries and colleagues the burden of illness and dis-
ability will be compressed into a shorter period during the last years
of life as a consequence of the demographic transition in which we
are living. This can be attributed to improvements in biomedical
sciences and public health, which will delay and reduce the onset
of several noncommunicable diseases (4,5). On the other hand, it
is unclear whether morbidity will actually be postponed at a faster
pace than improvements in life expectancy (6-8). Recent studies on
centenarians—probably the best models of long-term survival—
found that although some live with disease and diminished func-
tioning, others succeed in remaining healthy and escaping functional
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impairments (9-18). However, the majority of studies concerning
centenarians have been based on cross-sectional measurements of
health and functioning (9-13,15-17). Moreover, many of these
studies excluded institutionalized individuals, severely biasing the
estimation of the frequency of illnesses and functional dependence
within this age group. A better understanding of the health trajec-
tories of those becoming centenarians requires longitudinal obser-
vation at the individual level and this should include periods both
before and after reaching 100 years. To the best of our knowledge,
no previous studies have quantified the gap between centenar-
ians and their shorter living counterparts in terms of healthy lived
life-years.

The aims of this study were to compare the trajectories of chronic
disease, disability, and cognitive function of older adults who will
become centenarians with those of their shorter lived counterparts.

Method
Study Population

Data were gathered from two population-based longitudinal studies,
both carried out in the Kungsholmen district in central Stockholm,
Sweden, namely the Kungsholmen Project (KP, 1987-2000) (19) and
the Swedish National study on Aging and Care in Kungsholmen
(SNAC-K, 2001-2013) (20). In both studies, all eligible residents
living either at home or in institutions, in Kungsholmen and adja-
cent areas, were asked to participate.

The KP targeted all inhabitants of the Kungsholmen district aged
75 years and older (range 75-102 years) in October 1987 (born be-
fore 1912). Of the eligible people (7 = 2,368), 1,810 (76.4%) agreed
to participate in the baseline survey (1987-1989). Health assess-
ments were conducted at approximately 3-year intervals until 2000,
and the survival status of the participants was assessed until 2013.

SNAC-K is an ongoing longitudinal study that includes a random
sample of people aged 60+ years (range 60-104 years) from 11 age
cohorts. To compensate for the potential attrition at follow-up, the
two youngest and the four oldest age groups were oversampled. The
current study includes data from baseline (2001-2004) and three
follow-ups, up to 2013. At baseline (2001-2004), 3,363 (73.3%) of
all eligible persons (7 = 4,590) were examined, and their health and
survival statuses were assessed until 2013 and 2018, respectively.

Participants were included in the analytic sample if they sur-
vived to 100 years by the end of the follow-up or by the date data
were available (ie, 2013 for KP and 2018 for SNAC-K), or if they
died before turning 100 years in the same period. By the end of the
follow-up period, 222 centenarians were identified. Of them, three
had missing data for activities of daily living (ADL; 1.4%). The age
of all participants was confirmed by their unique Swedish national
identification number (21).

Data Collection

Procedures

In all waves of KP and SNAC-K, data were collected at the Aging
Research Center, Karolinska Institutet, Stockholm, in accordance
with standard procedures. Trained staff performed: face-to-face
interviews; clinical, functional, and laboratory examinations; and
cognitive tests. Home visits were carried out for those who agreed
to participate but were unable to visit the research center. The same
protocols were used at baseline and follow-ups to collect informa-
tion about each person and their context, and similar protocols
were used for the data collection in both KP and SNAC-K (19,20).

Participants’ proxies intervened in reporting the requested informa-
tion in 18% of cases. All participants, or proxies in the case of cog-
nitively impaired persons, provided written informed consent. The
Regional Ethical Review Board in Stockholm, Sweden, approved the
protocols of the KP and SNAC-K studies.

Health indicators

We examined three dimensions of health—chronic diseases, dis-
ability, and cognitive status—that were assessed at baseline and
during follow-up examinations. Chronic diseases were diagnosed
or ascertained by physicians on the basis of clinical examination,
medical history, laboratory data, current drug use, and linkage to
the outpatient and inpatient registers. Chronic diseases were classi-
fied in accordance with the International Classification of Diseases
10th Revision (ICD-10). A disease was defined as chronic if it was
of prolonged duration and either (a) left residual disability or wors-
ened quality of life or (b) required a long period of care, treatment,
or rehabilitation (22). A total of 32 chronic conditions were con-
sidered in the present study and further clustered into 10 groups of
conditions: anemia, cardiovascular, digestive, endocrine, malignancy,
neuropsychiatric, musculoskeletal, neurosensorial, respiratory, and
urological chronic diseases (Supplemental Table S1) (23,24). Disease
status was operationalized in the analyses as no chronic disease and
having one or more chronic diseases from the group of conditions.
The baseline prevalence of each condition by survival profile (cen-
tenarians vs noncentenarians) is reported in Supplemental Table S3.
Multimorbidity was defined as the presence of two or more chronic
diseases in one individual. Disability was measured through number
of impairments (dependence) in the Katz’s ADL (scoring 0-6) scale,
which includes the following activities: bathing, dressing, toileting,
transferring, continence, and eating. Cognitive function was assessed
through the Mini-Mental State Examination (MMSE), a 30-point
questionnaire that includes items related to different cognitive func-
tions such as: orientation to time and place, attention and calcula-
tion, recall, language, ability to follow written and verbal commands,
and visual construction (25). A cutoff score of 25 was used to define
cognitive impairment.

Survival and health profile

Participants were classified as noncentenarians (those who died
before reaching the age of 100 years, 7 = 3,573) and centenarians
(those who reached 100 years, 7 = 222). In addition, among centen-
arians we identified two subgroups according to each of the three
health indicators. Centenarians were considered healthy if they had
no more than one chronic disease and unbealthy if they had two or
more chronic diseases; healthy if they had no more than one ADL
impairment and unhealthy if they had two or more ADL impair-
ments; and bealthy if they had an MMSE score greater than or equal
to 25 and unbhealthy if they had an MMSE score below 25 by the
time they reached 100 years or during the last assessment.

Sociodemographic characteristics

In terms of sociodemographic characteristics, sex and education level
were assessed at baseline, and age and living situation were docu-
mented during all follow-up examinations. Educational attainment
was categorized as: (i) elementary school (Grade 1-9), (ii) high school
(Grade 10-12), or (iii) university or above. Information on housing
type was categorized as: (i) living in nursing homes or (ii) living in all
other types of housing (house, apartment, supported housing facility,
and other). Marital status was categorized as: (i) married, (ii) single, or
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(iii) widowed or divorced. Cohabitation status was categorized as: (i)
living alone or (ii) living with someone. Finally, information on smoking
habits (current vs former/never) and alcohol use was collected.

Statistical Analyses

Health status before death of noncentenarians was compared with
that of centenarians at study entry. Linear mixed-effects models were
used to estimate the trajectories of the health indicators using re-
peated measurements over 13 years, and models were adjusted for
potential confounders (sex, education level, smoking habit, alcohol
consumption, birth cohort, and study cohort). Trajectories were
built, centering the covariates on their means; they can thus be inter-
preted as the trajectory of an individual with average characteristics
within each survivorship group. The age of the participants was used
as the time scale, and the two-way interaction between follow-up
time and survival profile was added in each model. The intercept and
follow-up time provided the fixed and random effects. Unstructured
covariance between both random-effect parameters was assumed,
and potential nonlinear relationships between the three outcomes
(number of chronic diseases, disability, and cognitive impairment)
and survivorship status (centenarians vs noncentenarians) were in-
vestigated using a quadratic transformation of the follow-up time
(age). Departure from linearity was assessed by testing the null
hypothesis that the coefficient of the quadratic term was equal to
zero. The interaction between survival profile (centenarians vs
noncentenarians) and birth cohort was also assessed. To investigate
the differences between centenarians and their counterparts in terms
of years lived with chronic diseases, disability, and cognitive impair-
ment, a two-tail ANOVA was used to compare the time from the
onset of such conditions (including when these were present at base-
line) to death across the two groups. Finally, heterogeneity among
centenarians was assessed by estimating the age-adjusted prevalence
of each of the three health indicators (healthy vs unhealthy) across
the two survival profiles. When the information at exactly the age
of 100 years was not available, the nearest (+3 years) available as-
sessment was considered. All analyses were performed using Stata
version 15 (StataCorp, TX, USA).

Table 1. Baseline Characteristics of Centenarians and Noncentenarians

Results

By the end of the observation period, 222 centenarians had been
identified. About 90% of them were woman and 8% had higher
education. At study entry, participants who became centenarians
were older than their counterparts (mean age 90 = 7 vs 81 = 8 years;
p =.001). Moreover, centenarians were less educated, more frequently
widowed or single, less likely to be institutionalized, and more cog-
nitively impaired than noncentenarians (Table 1). Supplemental
Table S2 reports the baseline characteristics of centenarians and
noncentenarians after excluding participants <73 years old from the
noncentenarian group, and those >100 from the centenarian group.

Figure 1 displays trajectories of chronic diseases, ADL impair-
ments, and MMSE scores across age in years for centenarians and
noncentenarians, based on a total of 18,975 repeated assessments
carried out in SNAC-K and KP during the study period. A sig-
nificant nonlinear relationship was found between surviving to
100 years and trajectories of ADL impairments and MMSE over
time (nonlinearity test p < .001 for both). On average, centenarians
had fewer chronic diseases than noncentenarians before their ninth
decade of life, as suggested by nonoverlapping Cls. However, given
the faster accumulation of chronic diseases experienced by centen-
arians (p for linear interaction with time = .004), this difference
became nonsignificant after 95 years. Before the age of 85 years,
centenarians demonstrated slower changes in disability (p for quad-
ratic interaction with time <.001) status and cognitive function in
comparison to noncentenarians (p for quadratic interaction with
time = .02). However, after the age of 85 years, an acceleration (ie,
stronger interaction with time) in the accumulation of ADL impair-
ments and cognitive decline was observed. In terms of physical and
cognitive function, the decade between 75 and 85 years was the
period when trajectories started to diverge between the two groups.
On average, while noncentenarians were observed to suffer from
three or more diseases at the age of 75 centenarians did so at the
age of 83, 8 years later. Moreover, noncentenarians presented with
one or more impaired ADL at the age of 92 and centenarians at
the age of 98, 6 years later. Finally, while noncentenarians scored
on average below 25 on the MMSE at age 84, centenarians did so

Noncentenarians (N = 3,573) Centenarians (N = 222) P value

Age 81.3+8.2 90.1+7.2 .001
Female sex 69.7% 91.0% <.001
Education level

Elementary 38.0% 39.4% .027

High school 47.1% 52.3%

University or above 14.9% 8.3%
Marital status

Single 18.8% 24.8% <.001

Widowed/divorced 55.4% 67.1%

Married/partnered 25.8% 8.1%
Living situation

Alone 60.5% 70.7% <.001

With someone 16.4% 22.1%

In institution 23.1% 7.2%
Number of chronic diseases 3.5+22 3.6+22 .709
Number of impaired ADLs 07«14 0.9 = 1.6 .074
MMSE 252 +6.6 242 +7.6 .027
Survival time 7.2 +49 9.7 6.2 <.001

Notes: Numbers are means = standard deviations for continuous variables and percentages for categorical variables. Number of people with missing data: three
for ADL (1.4%) and one for social care use (0.5%). ADL, activities of daily living; MMSE, Mini-Mental State Examination.
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Figure 1. Trajectories (with 95% confidence intervals) of chronic diseases (A), ADL impairments (B), and cognitive decline (MMSE, C) across age in centenarians
and noncentenarians. Bars represent 95% Cl. ADL, activities of daily living; MMSE, Mini-Mental State Examination. Three people with missing data for ADL

(1.4%). Full color version is available within the online issue.

9 years later at age 93. Estimated means and 95% CI of the health
indicators for individuals with average characteristics are reported in
Supplemental Table $4 for different ages.

When testing two-way interactions between survival profile and
birth cohort, we found that younger cohorts experienced a slower
decline in ADL performance (B for interaction -0.02 for every
10-year increase in birth cohort, 95% CI -0.05; -0.01) but a faster
decline in cognitive function (f for interaction 0.22 for every 10-year
increase in birth cohort, 95% CI 0.11; 0.33).

Table 2 shows the age-adjusted prevalence of ADL impairments,

chronic diseases, and MMSE categories of centenarians at the time
of their follow-up when they were closest to age 100 (age range
97-103 vyears). The prevalence of ADL impairments ranged from
25% to 44%. The most common chronic conditions among centen-
arians were cardiovascular diseases (88%), and the least common
were respiratory diseases (12%). At this time point, 55.4% presented
a MMSE score higher than 20.
When we compared centenarians with their shorter lived counter-
parts in terms of years spent with poor health, we found that cen-
tenarians the formers spent more years with multimorbidity (9.4 vs
6.8 years; p < .001), disability (4.3 vs 3.1 years; p = .005), and cog-
nitive impairment (6.3 vs 4.3 years; p <.001).

Although
noncentenarians, heterogeneity exists in this group’s health profile.
Figure 2 presents the age-adjusted distribution of healthy and un-
healthy centenarians for each of the three health indicators. Only
5% of centenarians reached 100 years with fewer than two chronic

centenarians were generally healthier than

diseases. Approximately 55% of centenarians escaped disability
(fewer than two ADL impairments) and 39% remained cognitively

intact (MMSE > 25). In summary, 33% of centenarians could be
considered healthy for at least two out of three health indicators, but
only 1.2% were healthy for all three of them.

Discussion

Findings from this longitudinal study on health trajectories of
Swedish centenarians suggest that persons reaching their 100s have
more favorable health profiles in the previous decades than their
counterparts who die earlier. In our sample population, centenarians
developed multimorbidity, disability, and cognitive impairments 8,
6, and 9 years later than noncentenarians, respectively. In spite of
the slow progression of chronic diseases and functional impairment
before 85 years, centenarians experience an acceleration in health
status decline after this age. At the same time, they seem to spend
more years with multimorbidity, disability and cognitive impair-
ment. To the best of our knowledge, this is the first study employing
long-term, repeated observations to draw centenarians’ health tra-
jectories and to quantify the health gap between them and their
shorter living counterparts.

Previous studies found that individuals surviving to very old ages
experience a postponement in morbidity toward their very last years
of life (26). Results from the Longevity Genes Project and the New
England Centenarian Study (27) indicate that long-lived individuals
have a delayed age of onset for a number of chronic diseases such
as cancer, cardiovascular diseases, hypertension, and diabetes mel-
litus, each of which are well-known determinants of dependency
(28). Beyond chronic diseases, and in line with our results, Anderson
and colleagues also observed a progressive delay in functional and
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Table 2. Age-Adjusted Prevalence of Chronic Diseases and Activities of Daily Living (ADL) Impairments at the Nearest Assessment to 100

Years (N = 222; age range 97-103 years)

Health Characteristics ADL Impairments (%) Chronic Diseases (%) MMSE (%)
Bathing 44.0

Continence 34.2

Dressing 383

Eating 28.4

Toileting 29.2

Transferring 25.1

Anemia 45.8

Cardiovascular diseases 88.0

Digestive disorders 41.0

Endocrine diseases 25.3

Malignancy 13.3

Neuropsychiatric diseases 59.0

Musculoskeletal diseases 63.9

Neurosensorial diseases 65.1

Respiratory diseases 12.0

Urological disorders 54.2

MMSE 0-10 18.1
MMSE 11-20 26.5
MMSE 21-30 55.4

Three people with missing data for ADL (1.4%).
ADL, Activities of Daily Living; MMSE, Mini-Mental State Examination.
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Figure 2. Age-adjusted prevalence of healthy and unhealthy centenarians
according to the number of chronic diseases, ADL impairments, and
cognitive performance at the nearest moment to reaching 100 years (age
range 97-103 years). ADL, activities of daily living; MMSE, Mini-Mental State
Examination. Healthy centenarians are defined as having fewer than two chronic
diseases, fewer than two ADL impairments, or an MMSE score above or equal
to 25. Unhealthy centenarians are defined as having more than one chronic
disease, more than one ADL disability, or an MMSE score below 25.

cognitive impairment in centenarians and supercentenarians (those
living beyond the age of 110) (26). Similar results were reported by
Engberg and colleagues (29). Finally, according to a Danish cohort
study by Engberg and colleagues, centenarians experience less hos-
pitalizations and shorter lengths of hospital stays than their shorter
lived counterparts (30). Ours is the first study to quantify the time
gap between centenarians and their shorter lived counterparts of
the same age to reach equal levels of chronic disease burden and
functional impairment. By following health trajectories of people
living until their 100s, we found that they reach the same level of

multimorbidity (three or more diseases) and disabilities 8 and 6 years
later in life, respectively, compared to noncentenarians, and cognitive
impairment up to 9 years later. Despite the morbidity postponement
observed in centenarians, our results demonstrate that this group
spends one to two additional years with multimorbidity, disability,
and cognitive impairment, when compared to their shorter living
counterparts (4). Given the long follow-up available in our study, it
was possible to trace trajectories of chronic diseases, disability, and
cognition in centenarians across a long period of time. These tra-
jectories indicate that health changes between 75 and 85 years are
particularly important in terms of longevity prediction. In turn, the
observation of health changes during specific sensitive decades of life
might be helpful to timely identify exceptionally long-living persons.
Studying the predictors of longevity could be important both for
planning healthcare resources and to design observational studies on
longevity patterns and associated factors.

We found a considerable heterogeneity in the health status of cen-
tenarians. Only 1% of centenarians were free from multimorbidity,
cognitive decline, and disability, but 33 % were free from two of these
three indicators. Health diversity among centenarians is well known
in the literature; our study added to this heterogeneity by including
participants living in nursing homes. While some centenarians escape
or delay chronic diseases and functional and cognitive impairment,
around half of them experience aging trajectories that are similar to
noncentenarians (31). We found that only 5% of survivors reached
100 years with fewer than two chronic diseases. This figure is lower
than what has been previously reported (14), which might be due to
the accurate disease assessment and recording carried out in both KP
and SNAC-K as well as the fact that we also included people living
in institutions. Still, suffering from multimorbidity was not neces-
sarily associated with disability. In fact, the prevalence of functional
independence in our study (approximately half of our sample) was
similar to that reported previously (32). This supports the need for
tertiary prevention even in very advanced ages. However, findings
from studies on cognitive impairment in centenarians are difficult to
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compare due to differences in their assessment methods. It is worth
noting that 38% of our sample was cognitively intact, confirming
that dementia is not inevitable in the oldest old.

This study has several limitations. First, due to the large preva-
lence of women among those who survived to their 100s, we were
unable to analyze sex differences. Second, we cannot discard that
some of the differences between health trajectories of centenar-
ians and noncentenarians observed during their seventh and eighth
decades are explained by a longitudinal differential selection that
penalizes the sickest noncentenarians. Third, not accounting for
the severity of single chronic diseases might have led to an over-
estimation of the disease burden. However, the co-occurrence of
numerous chronic diseases with overlapping signs and symptoms
makes it very challenging to stage the severity of single chronic dis-
eases in multimorbid centenarians. Finally, caution should be used
when interpreting centenarians’ health trajectories at younger ages
(Figure 1), given the small number of available observations avail-
able for centenarians at younger ages. One strength of the study is
the longitudinal design and the long follow-up. Another strength is
the assessment of chronic diseases and function by physicians and
nurses. Older persons living in institutions were included, increasing
the reliability of our estimations at the population level.

In conclusion, according to this population-based longitudinal
study, older people who will eventually become centenarians ex-
perience more favorable health trajectories, compared to their
noncentenarian counterparts of the same age, during their 70s, 80s,
and 90s. For centenarians participating in our study, multimorbidity,
disability, and cognitive impairment seem to be postponed by 8, 6,
and 9 years, respectively, in comparison to noncentenarians. At the
same time, they experience an expansion of morbidity, which is ex-
hibited through the higher number of years spent in poor health,
compared to noncentenarians. Longevity seems to be accompanied
by longer life spent with chronic diseases and functional impairment,
which might trigger more medical and care needs.
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Supplementary data are available at The Journals of Gerontology,
Series A: Biological Sciences and Medical Sciences online.
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