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Summary
Background Previous research suggests that centenarians reach exceptional ages primarily by avoiding major dis
eases rather than surviving them. However, how they manage multiple conditions over the life course remains less 
understood. Examining the accumulation and distribution of diseases across lifespan can provide insights into 
mechanisms underlying their resilience.

Methods We conducted a nationwide historical prospective study including all individuals born in Sweden between 
1920 and 1922 (n = 274,108), tracking their health from age 70 for up to 30 years. Disease trajectories of centenarians 
were compared to those of shorter-lived peers using national health registers. We analysed disease burden, the rate 
of disease accumulation, and patterns of multimorbidity across age groups.

Findings Centenarians had fewer diagnosed conditions and accumulated diseases at a slower rate than non- 
centenarians. Cardiovascular diseases were the most common diagnoses in all age groups, but contributed less 
to the overall disease burden among centenarians. In contrast, malignancies accounted for a relatively larger 
share of their disease profile. Neuropsychiatric conditions were consistently less common among centenarians, 
showing the largest relative difference across all ages. Centenarians also had fewer co-occurring diseases and 
were more likely to have conditions confined to a single disease group.

Interpretation Our findings of a lower overall disease burden, a delayed onset of multiple conditions, and fewer co- 
occurring diseases over time among centenarians (compared to non-centenarians) suggest a preserved homeostatic 
capacity and sustained functional integrity in the face of cumulative physiological stressors. Future research should 
aim to identify genetic, epigenetic, and environmental factors underlying these patterns to inform early-life 
preventive strategies that promote longevity and resilience.
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Introduction
Centenarians, individuals who survive to at least 100 
years of age, represent a highly selective group charac
terised by exceptional longevity. However, their number 
and share of the population have increased significantly 
over time. Previous research indicates that centenarians 
reach their exceptional age by avoiding, and to some 
extent delaying, the onset of major diseases rather than 

surviving them to a greater extent.1,2 This challenges the 
assumption that longer lifespans inevitably lead to 
higher disease rates. Instead, centenarians represent a 
distinct group with exceptional disease resilience.2,3 

However, these findings are based on single, life- 
threatening conditions such as stroke and myocardial 
infarction, which typically represent the final stages of 
broader disease processes. As such, centenarians’ 

*Corresponding author. Institute of Environmental Medicine, Karolinska Institutet, Box 210, 17177, Stockholm, Sweden.
E-mail address: yuge.zhang@ki.se (Y. Zhang).

eClinicalMedicine 
2025;87: 103396

Published Online 2 August 
2025
https://doi.org/10. 
1016/j.eclinm.2025. 
103396

www.thelancet.com Vol 87 September, 2025 1

Articles

http://creativecommons.org/licenses/by/4.0/
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
http://creativecommons.org/licenses/by/4.0/
mailto:yuge.zhang@ki.se
http://crossmark.crossref.org/dialog/?doi=10.1016/j.eclinm.2025.103396&domain=pdf
https://doi.org/10.1016/j.eclinm.2025.103396
https://doi.org/10.1016/j.eclinm.2025.103396
https://doi.org/10.1016/j.eclinm.2025.103396
http://www.thelancet.com


apparent resilience may reflect the ability to avoid 
severe disease manifestations rather than the complete 
absence of underlying pathology. The degree of resil
ience may, therefore, differ when broader and more 
common conditions—such as hypertension or atrial 
fibrillation—are considered. It is plausible that cente
narians do not avoid these milder or earlier-stage con
ditions to the same extent, but instead manage them 
more effectively or prevent their progression. To gain a 
more comprehensive understanding of disease resil
ience in extreme old age, it is essential to examine the 
full trajectory of disease accumulation, including mul
tiple coexisting conditions. This approach can clarify 
whether centenarians develop underlying diseases 
without advancing to the same level of complexity as 
their shorter-lived peers, thereby offering deeper 

insight into the mechanisms supporting healthy 
longevity.

Studies analysing and comparing disease accumu
lation across ages remain rare, with only a few 
addressing this topic.4,5 Most existing studies have 
examined multimorbidity (co-occurrence of diseases) 
cross-sectionally,6,7 yet ageing is a dynamic process in 
which the contribution and combination of diseases 
evolve over time. Consequently, multimorbidity pat
terns identified at a single point in time or over short 
follow-up periods may fail to capture the long-term 
progression of disease accumulation and coexis
tence.7,8 To understand how multiple diseases develop 
over the lifespan, it is essential to compare disease ac
cumulations over longer periods of time at comparable 
ages between representative centenarians and non- 

Research in context

Evidence before this study
We systematically searched PubMed and Web of Science 
using the terms “(centenarian) AND ((disease trajectory) OR 
(disease accumulation) OR (multimorbid*) OR (disease 
pattern))” and “ALL = (centenarian) AND ALL = (“disease 
pattern” OR “multimorbidity” OR “disease trajectory” OR 
“disease accumulation”)” from database inception to March 
31, 2025, without language restrictions. Some previous 
studies have found that centenarians tend to have fewer 
chronic diseases than individuals who die in their 80s or 90s. 
However, few have examined differences in the rate of 
disease accumulation, and existing findings are inconsistent. 
A few studies have used cluster analysis to explore 
multimorbidity patterns among centenarians and individuals 
dying at different ages. Most of this research has either 
focused only on centenarians or made comparisons with 
non-centenarians at different chronological ages, often based 
on cross-sectional data or short follow-up periods. To fully 
understand how diseases accumulate across the life course, it 
is ideal to compare centenarians with individuals born in the 
same period. However, longitudinal data enabling such 
comparisons are rare. While one study suggests that 
centenarians are more likely to avoid major diseases 
compared to non-centenarians from the same birth cohort, 
no prior research has used a full birth cohort design to 
examine whether both severe and non-severe conditions 
accumulate differently between centenarians and non- 
centenarians at comparable ages across the life span.

Added value of this study
To our knowledge, this is the first study to comprehensively 
compare the accumulation of diseases, contributions of 
specific conditions to multimorbidity, and disease 
combination patterns between centenarians and non- 
centenarians from the same birth cohorts including 
institutionalised individuals over a 30-year follow-up period. 

Our findings show that centenarians follow a distinct 
trajectory of disease accumulation, characterised by fewer 
conditions and slower progression to multimorbidity at every 
age. In contrast to non-centenarians, whose disease burden 
accelerates sharply in the final years of life, centenarians 
exhibit a stabilisation in disease accumulation from their 90s 
onward. They also have fewer co-occurring conditions and 
are more likely to present with diseases confined to a single 
disease group at comparable ages. Notably, lower prevalence 
and a delayed onset of cardiovascular diseases appear to be 
key contributors to their exceptional longevity. In addition, 
centenarians demonstrate a superior resistance to 
neuropsychiatric diseases throughout life.

Implications of all the available evidence
The study reveals that centenarians are more likely to have 
diseases confined to a single diagnostic group, suggesting 
that multimorbidity patterns—and not just the number of 
conditions—may be crucial in predicting long-term survival. 
The relative resistance to cardiovascular and neuropsychiatric 
diseases among centenarians highlights potential targets for 
translational research. Since differences in disease 
accumulation begin to diverge long before extreme old age, 
preventive strategies may be most effective when 
implemented in midlife or earlier. This underscores the 
importance of life-course approaches to chronic disease 
prevention. Finally, the slower progression of disease and 
lower overall disease burden among centenarians suggests 
that extreme longevity may not be as resource-intensive as 
commonly assumed. These insights can support more 
nuanced planning of long-term care services by 
distinguishing the needs of the oldest old. Future research 
should explore the underlying biological and social 
determinants of centenarians’ enhanced resilience, to guide 
targeted interventions that promote longevity and support 
healthy ageing trajectories.
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centenarians minimising distortions from period and 
cohort effects. Moreover, many studies exploring dis
ease accumulation in centenarians are limited by small, 
local samples or the exclusion of institutionalised in
dividuals, potentially affecting the generalisability of 
their findings.4–7,9

In this study, we investigated how disease accumu
lation differs over the life course between centenarians 
and non-centenarians from the same birth cohorts us
ing historical prospective data from nationwide 
administrative health records. Specifically, we exam
ined whether centenarians exhibit similar but delayed 
disease accumulation, and whether this delay is even
tually followed by a steeper increase in later life. 
Moreover, whether the patterns of multimorbidity 
differ between centenarians and non-centenarians, for 
example whether centenarians accumulate different or 
less severe diseases, and if their disease combinations 
are different. Through this, we aim to provide deeper 
insights into the ageing process and determinants of 
exceptional longevity.

Methods
Study design, population, and ethics
All individuals born in 1920, 1921, and 1922 who were 
alive and residing in Sweden at age 70 years were 
identified in the Total Population Register. Individuals 
were followed prospectively from January 1, 1990, until 
their death, 100th birthday, or December 31, 2022, 
whichever came first, enabling follow-up of all in
dividuals from age 70 to potentially 100 years. In
dividuals who emigrated after age 70 were excluded 
from the study population (n = 2003, 0.73%). Mortality 
selection of the birth cohorts can be found in 
Supplementary Figure S1. This study was performed in 
line with the principles of the Declaration of Helsinki. 
This study was approved by the regional ethics com
mittee in Stockholm (Dnr 2011/136–31/5 and amend
ment 2022-03486-02). The ethics board waived the need 
for written informed consent from participants.

Disease definition
Through a unique personal identification number, data 
on all inpatient (hospital) and outpatient (specialist) 
care visits, along with corresponding International 
Classification of Diseases (ICD) -diagnosis codes, were 
linked to each individual from the National Patient 
Register. Diseases considered in multimorbidity 
research are highly heterogeneous, which poses chal
lenges for cross-study comparisons.10 To address this, 
we used a previously adopted disease list to analyse 
multimorbidity patterns.5,11,12 We adopted the same 
conditions and disease groupings but added four addi
tional age-related diseases which are particularly com
mon among individuals of exceptional age.13–17 In total, 
40 conditions were included in the analysis. These 40 

conditions were grouped into 10 disease categories: 
anaemia, cardiovascular, digestive, endocrine, malig
nancy, neuropsychiatric, musculoskeletal, neuro
sensorial, respiratory, and urological diseases. Each 
group comprised a varying number of specific condi
tions. Both primary and secondary diagnoses from 
hospital records were used to identify diseases between 
the 9th and 10th revisions of the ICD codes. This 
approach aimed to maximise the identification of 
prevalent conditions across the study population. More 
details can be found in Supplementary Table S1.

The number and combinations of diseases, multi
morbidity, were described from age 70 and onwards. A 
three-year period prior to age 70 was used to identify 
diseases at age 70 in the register. As individuals aged, 
the tracking period extended correspondingly, 
continuing until their age at death or end of follow-up, 
meaning that centenarian trajectories are based on 30 
years of follow-up. Only the first occurrence of each 
specific disease was considered, meaning that once a 
disease was identified at a certain age, its presence 
remained coded as 1 for all subsequent ages. This 
approach enabled a longitudinal capture of how multi
morbidity accumulated over the life course.

Statistical analysis
First, the accumulation of specific diseases from age 70 
onwards was calculated for each age in the total popu
lation and in subgroups based on age at death, pre
sented as means and medians. Percentile bootstrap 
methods with 1000 resamples were applied to calculate 
the 95% confidence interval (95% CI). The average 
annual increase was calculated to assess the rate of 
disease accumulation. The proportion of the population 
with 0 to >5 diseases by age at death was also calculated 
as well as the distribution of number of diseases at 
different ages earlier in life for people with different 
lifespans was further explored.

Next, we analysed which diseases contributed to 
disease accumulation at different ages, depending on 
lifespan. This was done by calculating the absolute 
contribution (mean number) as well as relative contri
bution (proportion) of the 10 disease groups to the total 
average number of diseases at various ages and by age 
at death. Each disease group contained the accumula
tion of all specific diseases within that category. For 
instance, if an individual had hypertension and heart 
failure at age 70, they contributed two diseases to the 
cardiovascular (CVD) group. If, by age 80, they also 
developed a myocardial infarction, their contribution to 
the CVD group increased to three diseases. This anal
ysis also allows for the observation of changes in the 
absolute and relative contributions of disease groups 
from one age to another in centenarians and those who 
died earlier.

Finally, we characterised and compared the preva
lence and the specific combinations of disease groups at 
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comparable ages earlier in life between centenarians 
and non-centenarians.18 Notably, unlike previous cal
culations, because of complexity, disease combinations 
were described at the group level only, meaning that 
individuals could have one or more diseases within a 
given disease group.

Exploratory post hoc analyses were performed 
following descriptive analyses. We restricted our com
parisons to reduce multiple statistical tests and focused 
on the most relevant differences. Welch’s t-test were 
used to compare the absolute contribution of each 
disease group to the total average number of diseases, 
and Chi-square tests were used to evaluate differences 
in proportion of individuals whose diseases were 
confined to a single group between centenarians and 
non-centenarians at age 80, as age 80 is a representative 
midpoint across the life span spectrum, approximate to 
the average lifespan. All statistical tests were two-sided 
with a significance of p < 0.05. Given the potential sex 
differences in morbidity patterns and survival, sex- 
specific analyses were conducted as sensitivity ana
lyses to examine whether the accumulation of diseases 
and disease contribution patterns were consistent 
across sexes. All analyses were conducted using SAS 9.4 
(SAS Institute Inc., Cary, NC, USA) and R (version 
4.4.2).

Role of the funding source
The funder had no role in study design, data collection, 
data analysis, data interpretation, or writing of the 
report.

Results
The study included 274,108 individuals, of whom 
46.2% were male and 53.8% were female. Among 
them, 1.6% reached the age of 100. Table 1 provides a 
description of the study population by age at death. At 
the time of death, 72.7% had more than one disease, 
66.8% had diseases from at least two disease groups, 

and 12.6% had no record of any of the included 
diseases.

Fig. 1 presents the absolute (A) and relative (B) cu
mulative accumulation of individual diseases. Panel A 
illustrates that centenarians had a lower mean number 
of diseases at every age compared to non-centenarians. 
For example, at age 85, centenarians had on average 1.2 
diagnosed diseases, whereas people dying at age 90 had 
on average 2.4 diagnosed diseases. The pattern was 
consistent for both males and females (Supplementary 
Figure S5). Despite living the longest, the average 
number of diseases among centenarians never excee
ded that of individuals who died in their 90s (Similar in 
medians, Supplementary Figure S2). While the rate of 
disease accumulation increased with age for all groups, 
centenarians experienced a slower accumulation rate at 
comparable ages. In the last 10 years of life, disease 
accumulation remained stable in centenarians, whereas 
it continued to rise in individuals with shorter lifespans 
(Supplementary Table S2).

Panel B presents the proportion of diseases by age at 
death. Individuals with shorter lifespans exhibited a 
right skewed distribution of diseases, indicating that 
most did not experience a high disease burden. For 
instance, 26.5% of individuals who died at age 75 had 
no diagnosed diseases, whereas the corresponding 
proportion among centenarians was only 3.5%. The 
pattern of disease distribution by age at death was 
consistent for both males and females (Supplementary 
Figure S5). While the number of diseases increased 
with age, the distribution of diseases varied depending 
on lifespan. For example, at age 70, 50% of the in
dividuals, regardless of lifespan, had 0 diseases, but the 
share of individuals having more was higher at earlier 
ages at death (Supplementary Figure S3). By age 90, 
80% of centenarians had a maximum of 5 diseases with 
a median of 2, compared to a maximum of 6 diseases 
and a median of 3 among those who died at age 95 
(Supplementary Figure S3).

Dying between ages 
70–79 (n = 81,493)

Dying between ages 
80–89 (n = 119,829)

Dying between ages 
90–99 (n = 68,456)

Dying ≥ age 
100 (n = 4330)

Total 
(n = 274,108)

Number of females, (%) 34,016 (41.7) 64,456 (53.8) 45,506 (66.5) 3500 (80.8) 147,478 (53.8)
Number of disease group at the end 
of follow-up (%)
0 22,101 (27.1) 10,117 (8.4) 2185 (3.2) 151 (3.5) 34,554 (12.6)
1 26,282 (32.3) 22,396 (18.7) 7227 (10.6) 445 (10.3) 56,350 (20.6)
≥2 33,110 (40.6) 87,316 (72.9) 59,044 (86.2) 3734 (86.2) 183,204 (66.8)
Number of individual diseases at the 
end of follow-up (%)
0 22,101 (27.1) 10,117 (8.4) 2185 (3.2) 151 (3.5) 34,554 (12.6)
1 19,772 (24.3) 15,671 (13.1) 4650 (6.8) 310 (7.2) 40,403 (14.7)
≥2 39,620 (48.6) 94,041 (78.5) 61,621 (90.0) 3869 (89.3) 199,151 (72.7)

Note: The end of follow-up is the date of death or the date of turning age 100.

Table 1: Characteristics of study population, total and stratified by age at death, aged 70 years and above in Sweden.
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Fig. 2 illustrates the absolute (A) and relative (B) 
contributions of different diseases (within groups) to 
the mean number of diseases at age 70, 80 and 90 years 
for centenarians and for individuals who died at age 75, 
85 and 95 years respectively. While centenarians had a 
similar disease group composition at each comparable 
age, their absolute disease burden remained lower than 
that of individuals who died earlier, with similar pattern 
in both males and females (Supplementary Figures S6 
and S7). The slower rate of disease accumulation 
observed in Fig. 1 applied to all disease groups, as 
shown in Fig. 2. However, the relative contributions of 
some disease groups declined with age, including res
piratory and musculoskeletal diseases. Cardiovascular 
diseases were the most prevalent disease group at all 
ages, regardless of lifespan, in both absolute and rela
tive terms. The second most common disease group 

varied by age and lifespan: malignancies were most 
common for those dying at age 75, musculoskeletal 
diseases for those dying at age 85, and musculoskeletal 
diseases (at ages 70 and 80) and neurosensorial diseases 
(at age 90) for those dying at age 95. Among cente
narians, digestive disorders were the second most 
prevalent disease group at ages 70 and 80, whereas 
neurosensorial diseases became the most common by 
age 90. The contribution of specific disease groups 
varied slightly by sex. Among males, urological disor
ders consistently ranked as the second most common 
disease group across nearly all ages. In contrast, among 
females, musculoskeletal diseases were the 
second most prevalent for those who died at ages 85 
and 95, and also for centenarians at age 80. Further 
details are provided in Supplementary Tables S3, S5, S7 
and S8.

A B

Fig. 1: Disease accumulation from age 70 (A) and proportion of individuals with 0 to >5 diseases by age at death (B), birth cohorts 
1920–1922, Sweden. Note: The numbers by each line in panel (A) represent age at death. The numbers in different coloured areas in panel (B) 
represent numbers of diseases.

A B

Fig. 2: The absolute (A) and relative (B) contribution of different disease groups to the average number of diseases at ages 70, 80 and 90 for 
individuals with different lifespans (x-axis), birth cohorts 1920–1922, Sweden. Note: Diseases are presented in descending order, ranked from 
highest to lowest in terms of composition and proportion, from bottom to top.

Articles

www.thelancet.com Vol 87 September, 2025 5



While CVD contributed the most to the mean 
number of diseases in all groups, centenarians had the 
lowest CVD burden at comparable ages compared to 
individuals who died earlier. At age 70, CVD accounted 
for 51.6% of the total disease burden among individuals 
who died at age 75, more than twice the proportion 
observed in centenarians (24.8%) at age 70. At age 80, 
CVD comprised 47.6% of diseases in those who died at 
age 85, 38.7% in those who died at age 90, and 33.1% in 
centenarians. By age 90, CVD represented 40.8% of 
diseases among those who died at age 95 and 37.8% in 
centenarians. The difference in CVD burden between 
centenarians and non-centenarians narrowed with age, 
and the relative contribution of CVD increased more 
rapidly between ages 80 and 90 in centenarians than in 
non-centenarians (Supplementary Table S4).

In contrast to CVD, neuropsychiatric diseases 
consistently contributed the least among centenarians 
across ages. Both in absolute and relative terms, their 
contribution was lower compared to non-centenarians, 
with the gap widening at older ages. Additionally, 
centenarians exhibited a higher proportion of malig
nancies than non-centenarians at ages 80 and 90. This 
pattern was consistent in both males and females. 
Further details are provided in Supplementary 
Tables S3–S5, S7–S10.

While Fig. 2 illustrates the contribution of different 
disease groups to the average number of diseases, it 
does not depict the extent of co-occurrence among 
diseases within the same individuals. Fig. 3 addresses 
this by presenting disease combinations at age 70 and 
80 for centenarians and for individuals who died at age 
85 (with results for age 90 and other ages at death 
available in Supplementary Figure S4). The figure 
shows the prevalence of individuals with only one 

disease group, as well as those with different combi
nations of disease groups. The y-axis represents the 
prevalence of disease groups, either alone or in com
bination, while the x-axis shows the prevalence of each 
disease group, both alone and in specific combinations. 
The data are sorted from highest to lowest prevalence 
and only include diseases with combination preva
lences of 0.1% or higher. Neuropsychiatric diseases 
consistently had the lowest prevalence among cente
narians compared to all other disease groups. More
over, the relative difference in the prevalence of 
neuropsychiatric conditions between centenarians and 
those who died at younger ages was the largest across 
all age groups.

At age 70, centenarians exhibited a low prevalence of 
all diseases, with no disease combination exceeding a 
prevalence of 0.1%. For individuals dying at age 85, it 
was most common to have only one disease, though 
several combinations of disease groups were present 
with a prevalence above 0.1%. The most common 
combination was CVD and musculoskeletal diseases, 
with a prevalence of 0.3%. The most prevalent disease 
group was CVD, with a prevalence of 1.6% among 
centenarians and 6.7% among those dying at age 85. 
The majority of individuals had only CVD, with a 
prevalence of 1.3% for centenarians and 5.3% for those 
dying at age 85.

By age 80, it became more common for centenarians 
to have diseases from multiple groups. The prevalence 
of CVD had risen to 13.9% among centenarians and 
44.1% among individuals dying at age 85. The preva
lence of having only CVD was 7.7% among centenar
ians and 15.3% among those dying at age 85, indicating 
that by this age, two-thirds of individuals dying at age 
85 had more than just CVD, while approximately half of 

A

B

Fig. 3: Prevalence of disease groups (y-axis) and prevalence of combinations of disease groups (x-axis) at ages 70 (A) and 80 (B) for in
dividuals reaching average lifespan (dying at age 85) and becoming centenarians, birth cohorts 1920–1922, Sweden. Note: The x-axis 
represents the prevalence of the 45 most common disease existence patterns, ranked in descending order. Disease existence patterns are 
displayed using dots in different colours (single disease in black, 2 in dark blue, 3 in grey blue, 4 in sky blue). Only disease combination with a 
prevalence of 0.1% and higher are included in the figure.
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centenarians had only CVD. Further details on the 
proportion of individuals with diseases confined to a 
single group are presented in Supplementary Table S6. 
The most common disease combination was CVD and 
musculoskeletal diseases, observed in 0.9% of cente
narians and 2.8% of individuals dying at age 85. The 
second most prevalent combination was CVD and 
digestive disorders (0.8%) among centenarians, and 
CVD and endocrine diseases (2.4%) among those dying 
at age 85. The most common three-disease combination 
was CVD, musculoskeletal diseases, and digestive dis
orders for centenarians (0.2%), and CVD, musculo
skeletal diseases, and endocrine diseases for individuals 
dying at age 85 (0.6%).

Discussion
This study is the first to compare disease accumulation 
across a wide range of conditions with varying severity 
over time in centenarians and non-centenarians from 
the same birth cohorts. The primary aim was to inves
tigate whether centenarians exhibit delayed disease 
accumulation, and a distinct disease panorama 
compared to their shorter-lived peers. The findings 
indicate that centenarians experience a lower number 
of diseases and a slower rate of disease accumulation at 
every age, resulting in a delayed progression to multi
morbidity. While the overall disease burden is shaped 
by similar conditions in both centenarians and non- 
centenarians, their relative contributions differ. Cente
narians have a lower relative burden of cardiovascular 
disease but a relatively higher contribution of some 
other conditions such as malignancies. The patterns of 
disease combinations are also largely similar; however, 
centenarians are more likely to have conditions within a 
single disease group.

Previous research has observed that centenarians 
exhibit lower levels of multimorbidity, measured by the 
number of diseases,4–7,9 mostly based on cross sectional 
studies.6,7 Our findings extend this observation by 
demonstrating that the slower disease accumulation 
among centenarians is a continuous process evident 
from age 70 onward. Moreover, centenarians not only 
differ from individuals who die prematurely but also 
exhibit delayed disease accumulation compared to 
those who live beyond the average lifespan. Another 
notable finding is that disease accumulation remained 
stable in the final years of life for centenarians, whereas 
it continued to rise in individuals with shorter lifespans. 
This aligns with a German study that reported a less 
steep increase in comorbidities among centenarians 
compared to non-centenarians.9 However, it contrasts 
findings from a Swedish and a U.S. study suggesting 
the rate of disease accumulation to be steeper than that 
of non-centenarians.4,5 This discrepancy may be due to 
differences in study design, as the latter studies were 
based on smaller samples with less detailed follow-up 

data. Additionally, centenarians and non-centenarians 
in those studies were drawn from different birth co
horts, meaning centenarians were born earlier, which 
could bias comparisons by making their health status 
appear worse and their disease accumulation appear 
faster had they been compared to individuals from the 
same birth cohorts and at comparable ages during the 
same calendar time. Furthermore, we used both pri
mary and secondary diagnoses to maximise the detec
tion of diseases and improve sensitivity in identifying 
multimorbidity patterns. Since our analysis only 
included the first recorded occurrence of each disease, 
regardless of the order of the diagnosis code, there is no 
risk of overestimating the prevalence from a potential 
over-coding of secondary diagnoses.

Different disease groups may reflect distinct mech
anisms associated with longevity. Cardiovascular dis
eases represent the greatest disease burden throughout 
life for both centenarians and non-centenarians, yet 
centenarians consistently exhibit a lower contribution 
of CVD across all ages. This advantage has been 
documented in previous research,1,2,19,20 with centenar
ians showing both a lower risk and delayed onsets of 
CVD. A similar delay in onset of CVD has also been 
observed among the offspring of centenarians 
compared to the offspring of non-centenarians,20 sug
gesting a potential inheritable protective effect.21 How
ever, previous studies have primarily focused on 
specific diseases rather than examining how a lower 
CVD burden influences the overall disease accumula
tion over time. The lower levels of CVD at all ages both 
in absolute and relative terms suggest that CVD is one 
of the key drivers of the slower disease accumulation in 
centenarians.

In contrast to CVD, centenarians exhibit a relatively 
larger contribution of malignancies to the total disease 
burden than non-centenarians, particularly at ages 80 
and 90. This finding may suggest that centenarians do 
not completely avoid cancer but may be able to mitigate 
its impact, or develop less aggressive forms of cancer.22 

They may have greater resistance to cancer progression 
or respond more effectively to treatment.23 The under
lying mechanisms for this resilience remain unclear. 
Since inherited genetic factors have a more limited in
fluence on many types of malignancy compared to 
cardiometabolic diseases,21 future research should 
explore the biological and environmental factors 
contributing to centenarians’ ability to withstand can
cer. However, it is important to note that despite a 
relatively higher contribution of malignancy to disease 
burden in centenarians, the overall prevalence of ma
lignancies remains lower in centenarians compared to 
non-centenarians.

We observed that neuropsychiatric diseases, 
including dementia and depression, contributed the 
least to the total disease burden among centenarians, 
with the largest prevalence gap between centenarians 
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and non-centenarians at comparable ages. Dementia is 
one of the severe and burdensome diseases in old age 
and a major cause of disability and mortality.24 It has 
been expected to become the leading cause of death in 
the near future instead of CVD with 5-year mortality 
risk of more than 50%.25 Our findings suggest cente
narians’ exceptional lifespans can be related to resil
ience to neuropsychiatric diseases, as they appear to 
avoid it to a higher extent than non-centenarians at 
comparable ages earlier in life. While this aligns with 
previous studies showing how centenarians have 
managed to maintain high levels of cognitive func
tioning,19,26 the overall prevalence of neuropsychiatric 
diseases appears somewhat lower in our study than in 
previous research.24,27 This is probably because we 
identify disease based on diagnoses in hospital and 
outpatient specialist care, and miss diagnoses set in 
primary care only.24 However, as the same approach 
was applied for both centenarians and non- 
centenarians, the underestimation is likely non
differential and does not compromise the observed 
patterns.

Studies of exceptionally long lived, such as cente
narians, and their health trajectories are essential for 
advancing our understanding of the dynamics of health 
and physiological resilience across the life course. Our 
findings of a lower overall disease burden, a delayed 
onset of multiple conditions and fewer co-occurring 
diseases over time suggest a preserved homeostatic 
capacity and sustained functional integrity in the face of 
cumulative physiological stressors.28 Importantly, this 
disease resilience, when compared to non-centenarians, 
becomes apparent well before extreme old age, 
emerging as early as age 70, indicating that their 
distinctive health profiles likely originate earlier in life. 
The underlying mechanisms of this resilience are 
plausibly shaped by a favourable combination of ge
netic, epigenetic, and environmental influences. Previ
ous research has shown that centenarians possess a 
comparable number of disease-associated genetic vari
ants as their shorter-lived peers, but they appear to 
delay the onset and progression of disease.29,30 This may 
be attributed to gene–environment interactions that 
attenuate the deleterious effects of pathogenic variants 
or to the presence of longevity-associated genetic poly
morphisms that mitigate the impact of harmful muta
tions.1,31 Nevertheless, the critical question of when and 
how, across the life course, the interaction between 
genetic predisposition and lifestyle factors begins to 
diverge between centenarians and non-centenarians 
remains unresolved. Our findings challenge the pre
vailing assumption that advanced chronological age is 
inherently accompanied by a substantial disease burden 
or inevitable physiological decline.

Given that divergence in health trajectories between 
centenarians and non-centenarians arises relatively 
early in adulthood, the results highlight the imperative 

of initiating preventive strategies and targeted in
terventions in midlife to preserve physiological resil
ience. Cardiovascular diseases, in particular, emerge as 
a key differentiating domain. These conditions typically 
progress insidiously before manifesting as more severe 
events, such as myocardial infarction or stroke. Cente
narians appear more capable of avoiding or delaying 
this progression, though the extent to which this is 
achieved through advantageous lifestyle behaviours, 
genetic endowment, or intensified secondary preven
tion remains to be determined.

Going forward, the early identification of homeo
static capacity—potentially via composite biomarker 
panels and the development of appropriate age-specific 
clinical thresholds—will likely be critical for informing 
future clinical practice. Tailoring such approaches 
could facilitate more precise risk stratification and 
intervention strategies aimed at promoting healthy 
longevity.

The primary strength of this study lies in its use of 
unique data comprising 30 years of longitudinal and 
comprehensive disease records for an entire popula
tion, minimising selection bias. Additionally, the study 
design, which compares centenarians and non- 
centenarians from the same birth cohorts, reduces 
distortions caused by period and cohort effects. How
ever, certain limitations should be acknowledged. First, 
diseases were identified based on healthcare visits 
recorded in the National Patient Register, which may 
lead to an underestimation of true disease prevalence. 
This underestimation is likely consistent across all in
dividuals in the study. Nevertheless, if centenarians and 
their shorter-lived peers systematically exhibit different 
healthcare-seeking behaviours, this could introduce 
some degree of over- or underestimation in the 
observed differences. Moreover, it might be possible 
that not every diagnostic procedure is pursued in the 
oldest old. However, given Sweden’s publicly funded 
and nearly free healthcare system as well as performing 
well on care quality,32,33 such systematic biases are un
likely to substantially distort the overall patterns 
observed. Second, the analysis of disease combinations 
was based on disease groups rather than individual 
diseases, and the 40 individual diseases were not evenly 
distributed across the 10 disease groups. Consequently, 
the higher contribution of certain disease groups to 
multimorbidity may partly reflect the larger number of 
individual diseases included within these groups. 
However, since centenarians and non-centenarians 
were analysed using the same approach, any potential 
bias introduced by this classification was likely miti
gated. Additionally, while individual diseases within the 
same group may vary in their contribution, previous 
research has demonstrated that diseases within a given 
group tend to exhibit homogeneity, and group-based 
analyses remain consistent across various health 
outcomes.34,35
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Our findings highlight the distinct health trajec
tories of centenarians, emphasising their ability to delay 
multimorbidity and maintain a lower disease burden 
compared to their shorter-lived peers. This delay occurs 
across almost all disease types, though particularly 
lower levels and a delayed onset of cardiovascular dis
eases appear to play a key role in their exceptional 
longevity. Additionally, centenarians experience fewer 
co-occurring diseases, especially at younger ages, and 
are more likely to have conditions confined to a single 
disease group. This pattern may reflect both biological 
resilience and potential protective mechanisms against 
certain diseases. Identifying genetic, epigenetic, or 
environmental factors associated with these patterns 
could lead to novel interventions for promoting 
longevity and resilience.
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