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Abstract

The biodemographic evidence that integrates environmental and demographic vari-
ables to demonstrate the association between blue zones and extreme longevity,
remains heterogeneous and limited. The aim of this study was to analyze the envi-
ronmental and human characteristics of the geographic areas with the highest rates
of centenarians in Colombia. This was an ecological study based on national census
data. Rates of centenarians, semi-supercentenarians and supercentenarians were cal-
culated. Sociodemographic and geoscientific variables related to the territorial areas
with the highest rates of centenarians in general were analyzed. In 2018, Colombia
had a total of 12,226 centenarians (5294 men vs. 6932 women), corresponding to
0.02% (n=12,226 / 44,164,417) of the total population. The overall centenarian rate
in Colombia was 2.80 per 10,000 inhabitants, with a higher rate observed among
women compared to men (3.10 vs. 2.50). The national rate for centenarians (100—
104 years old), semi-supercentenarians (105—109 years old) and supercentenarians
(>110 years old) were 1.59, 0.60, and 0.56 per 10,000 inhabitants, respectively.
Twenty municipalities were identified with notably higher centenarian rates com-
pared to the national average, ranging from 9.95 to 72.83, with higher frequency
of male centenarians, as well as centenarians located in urban areas. A consistent
pattern of proximity to agricultural areas, herbaceous vegetation, forests, and, in
some cases, bodies of water was observed across all municipalities. In Colombia,
there are territorial zones with centenarian rates notably higher than the national
average, which may be considered potential “blue zones” for the study of healthy
and extreme longevity.
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Introduction

Extreme longevity is an increasingly topic, given the accelerated aging of the global
population and the notable rise in the proportion of octogenarians, nonagenarians,
and centenarians (United Nations, 2023). According to the World Social Report 2023,
the global population aged 65 years and older is growing faster than all younger age
groups, and the number of centenarians worldwide is projected to exceed 3.7 million
by 2050 (United Nations, 2023).

In high-income countries, such as Japan, centenarian rates have steadily increased
during the last decades, reaching up to 159 per 10,000 inhabitants (The Asahi Shim-
bum, 2024). By contrast, in Latin America the phenomenon has been less docu-
mented, although countries such as Costa Rica and Cuba have reported emerging
clusters of longevity that resemble the internationally recognized “blue zones” (Pou-
lain & Herm, 2025).

In Colombia, available evidence is scarce; previous demographic reports esti-
mated fewer than 10,000 centenarians in 2005, whereas the 2018 census registered
over 12,000, suggesting a modest but progressive increase (Departamento Admin-
istrativo Nacional de Estadisticas, 2018). In epidemiological terms, this means that
the national centenarian rate in Colombia rose from approximately 2.00 per 10,000
inhabitants in 2005 to 2.80 per 10,000 inhabitants in 2018, a 40% relative increase
over thirteen years (Departamento Administrativo Nacional de Estadisticas, 2018).
Although still lower than the prevalence observed in countries such as Japan, this
upward trend indicates that extreme longevity is becoming a growing phenomenon
in Colombia and deserves systematic investigation.

Aging models support that aging is a multilevel, multidimensional, and multi-
directional process, in which various factors contribute significantly, though differ-
ently, to healthy aging (Machado et al., 2018). These factors are influenced by both
interindividual and population variability (Nielsen et al., 2024). Social determinants
of health and environmental factors play a critical role in shaping a specific aging
phenotype (Nielsen et al., 2024).

Based on the above, it is hypothesized that the more favorable the interaction
between humans and the environment in which they live their life cycle, the greater
the probability of achieving healthy aging and reaching extreme longevity (Argen-
tieri et al., 2025). This forms the basis of the well-known “blue zones,” which are
said to be characterized by unique traits that allow certain populations to enjoy pro-
longed healthy lifespan and extreme longevity (Lozada-Martinez & Anaya, 2024).
This has been evidenced by higher rates of nonagenarians and centenarians compared
to national averages (Lozada-Martinez & Anaya, 2024). Identifying potential blue
zones has practical and scientific relevance. Beyond describing exceptional survival,
these spatial patterns help prioritize the validation of extreme ages, guide follow-up
studies linking environmental and social contexts with longevity, and inform place-
based health and aging policies tailored to local conditions (Argentieri et al., 2025).
Understanding where and under what circumstances individuals reach advanced ages
can support demographic monitoring systems and the design of interventions that
foster healthy longevity at the community level (Lozada-Martinez & Anaya, 2024).
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However, the scientific evidence that integrates biological and demographic vari-
ables to demonstrate this association remains heterogeneous, fragmented, and limited
(Addie et al., 2024); (Rattan, 2024). As a result, it is difficult to robustly identify the
strongest protective factors that contribute to healthy and extreme longevity in spe-
cific populations.

Biodemography is an emerging branch of classical demography that seeks to
explore the relationship between biological and demographic theories to understand
life course processes in populations (Vaupel, 2010). Aging and longevity are two key
challenges within biodemography, requiring the search for synergies, complementar-
ities, and mutualism between data and plausible biological responses (Vaupel, 2010).
Centenarians, as models of the most successful biological aging in humans, are of
great interest to biodemography for studying longevity (Marcos-Pérez et al., 2021).
In Colombia, the relationship between demographic and environmental determinants
and their potential association with human development and the aging process of cen-
tenarians, as an example of an extreme longevity phenotype, has been poorly studied
(Lozada-Martinez et al., 2024a); (Pérez-Molina et al., 2025).

The aim of this study was to compare the demographic distribution of centenar-
ians and analyze the environmental and human characteristics of the geographic
areas with the highest rates of centenarians in Colombia, in order to identify whether
certain territories may be considered potential “blue zones” for extreme longevity
research.

In this context, our spatial-ecological approach represents a practical extension of
biodemographic inquiry, applying population-level data to reveal geographic patterns
of extreme longevity. These territorial patterns generate testable hypotheses about
how social structures and environmental exposures may shape biological aging pro-
cesses, guiding future individual-level and mechanistic studies of longevity.

Methods
Study Design

Ecological exploratory study with a spatial focus, based on aggregated data from the
2018 Colombian National Population and Housing Census, which provides a nation-
wide demographic snapshot for that year.

Setting and Participants

The data were obtained from the 2018 National Population and Housing Census of
Colombia (the most recent census conducted) (Departamento Administrativo Nacio-
nal de Estadisticas, 2018). This census is a publicly accessible, nationwide survey
carried out by the National Administrative Department of Statistics (DANE) of
Colombia (Departamento Administrativo Nacional de Estadisticas, 2018). Its pur-
pose is to characterize the inhabitants, their distribution across the territory, and the
living conditions of the population. As a government-led national survey, it adheres
to strict technical and scientific standards. The population is categorized by geo-
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graphic region, age group, sex, ethnicity, and other demographic variables of interest
for population studies.

For this analysis, the entire Colombian centenarian population was considered,
which was recorded in detail through specific age groups: (1) 100 to 104 years; (2)
105 to 109 years; (3) 110 to 114 years; (4) 115 to 119 years; and 5)>120 years. In
2018, Colombia had a total population of 44,164,417 inhabitants, of which 22,593,924
(51.15%) were women.

These age categories were not defined by the authors but correspond exactly to
those used by the DANE in the official 2018 National Population and Housing Cen-
sus (Departamento Administrativo Nacional de Estadisticas, 2018). This classifica-
tion was maintained to ensure consistency with national demographic standards and
to preserve data fidelity. It is important to note that, while the census relies on in-
person enumeration, potential age misreporting at extreme ages cannot be entirely
excluded and should be considered when interpreting these results.

Variables

Basic sociodemographic data were collected, including sex, age, and the department
and municipality where the centenarians reside. Additionally, centenarians were cat-
egorized into the following age subgroups: (1) Centenarians (100-104 years); (2)
Semi-supercentenarians (105-109 years); and (3) Supercentenarians (>110 years).
Geoscientific data were obtained from a public geoportal provided by the same insti-
tution (DANE) to explore hydrographic, environmental, geographical, and economic
variables related to the territorial area (Departamento Administrativo Nacional de
Estadisticas, 2025d). The territorial zones were classified according to the definitions
used by DANE (Departamento Administrativo Nacional de Estadisticas, 2025b). The
urban area was defined as a geographic area delineated by an urban perimeter, with
boundaries established by municipal council agreements (Departamento Administra-
tivo Nacional de Estadisticas, 2025b). It corresponds to the location of a municipality’s
administrative headquarters. The populated area was defined as a concentration of at
least twenty adjacent or closely located homes, situated in the rural area of a municipal-
ity (Departamento Administrativo Nacional de Estadisticas, 2025a). This concentra-
tion exhibits urban characteristics, such as the delineation of vehicular and pedestrian
routes. The dispersed rural area was defined as a sparsely distributed arrangement
of homes and agricultural operations (Departamento Administrativo Nacional de
Estadisticas, 2025c). It lacks street grids or nomenclature for roads, highways, and
avenues, and generally does not have public services or other urban amenities.

For the study of spatial autocorrelation, the available layers from the National
Geostatistical Framework (MGN) were used (Departamento Administrativo Nacio-
nal de Estadisticas, 2024). The geographical localization of centenarians in each
municipality and department was carried out using data from the National Population
and Housing Census — 2018 (Departamento Administrativo Nacional de Estadisti-
cas, 2018). Additionally, to characterize land cover in the study area, the Corine
Land Cover classification at level 2 was employed, conducted by IDEAM (Colom-
bian Institute of Hydrology, Meteorology, and Environmental Studies) (Instituto de
Hidrologia, Meteorologia y Estudios Ambientales, 2024) and based on Landsat 8
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imagery from 2018. The layer of double drains was also included to observe how this
component interacted, considering that the layer of single drains, due to its high vol-
ume and the scale being used, made it difficult to identify patterns. This combination
of data sources provided valuable information regarding the relationships between
the geographic variables utilized in the spatial analysis (Crimmins & Vasunilashorn,
2016); (Gavrilov & Gavrilova, 2015).

Environmental characteristics were defined according to the official land-cover
classification used by the DANE (Departamento Administrativo Nacional de
Estadisticas, 2024) and IDEAM (Instituto de Hidrologia, Meteorologia y Estudios
Ambientales, 2024). The following categories were considered: (a) bodies of water:
areas occupied by permanent or semi-permanent surface water such as rivers, lakes,
reservoirs, and wetlands; (b) agricultural zones: lands primarily dedicated to crop cul-
tivation, agroforestry, or mixed agricultural activity, including seasonal and perma-
nent crops; (c) grasslands: open areas covered predominantly by natural or cultivated
grasses used for grazing or as natural vegetation cover; (d) herbaceous vegetation:
territories dominated by non-woody plants, shrubs, or low vegetation that grow natu-
rally outside of agricultural or forested areas (Departamento Administrativo Nacional
de Estadisticas, 2024; Instituto de Hidrologia, Meteorologia y Estudios Ambientales,
2024). These environmental variables were extracted from the official spatial datasets
and aggregated at the municipal level for consistency with the demographic data.

For the purposes of this study, the concept of “blue zones” was operationalized
following a quantitative criterion. Specifically, any territorial unit (department or
municipality) with an overall centenarian rate higher than the national average of
2.80 per 10,000 inhabitants (based on the 2018 census) was considered a potential
“blue zone.” This threshold allowed us to identify geographic areas with unusually
high concentrations of centenarians in comparison to the national baseline.

Data Measurement

To determine the total frequency of the centenarian age subgroups (centenarians,
semi-supercentenarians, and supercentenarians), the frequencies of the correspond-
ing individual age groups (100—104 years, 105-109 years, and >110 years, respec-
tively) were summed. Subsequently, the centenarian rates, both overall and by
subgroup, were calculated and expressed per 10,000 inhabitants. The female-to-male
(F/M) ratio among centenarians was calculated, as well as their distribution across
territorial zones.

Statistical Methods

The centenarian rates were calculated based on available census data corresponding
to the Colombian population in 2018. The following formula was used: ((centenar-
ian frequency/total population in the territorial zone)*10,000). Qualitative variables
were summarized using frequency and percentages.

For departmental and municipal analyses, denominators corresponded to the total
population of each territorial unit, as reported in the 2018 census. For the urban, pop-
ulated, and dispersed rural categories, denominators corresponded to the total popu-
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lation residing in each area type within the respective territorial unit. This ensured
that all reported centenarian rates were standardized per 10,000 inhabitants according
to the appropriate population base.

Additionally, 95% confidence intervals (95% CI) were calculated for each esti-
mate using the exact Poisson method. This procedure allows for the assessment of the
precision of the rates and helps determine whether the observed differences between
territories are statistically significant or may be attributed to chance, which is particu-
larly relevant in municipalities with small numbers of centenarians.

In order to identify the existence of global spatial autocorrelation, Moran’s I and
Geary’s C were calculated. For this, a weight matrix based on municipal neighbor-
hoods was constructed and row-standardized. To assess local spatial autocorrelation,
the Local Moran’s statistic was calculated using permutations under the null hypoth-
esis of randomness. Municipalities with a high centenarian rate surrounded by other
municipalities with a high centenarian rate were identified, and p-values (hotspots)
were computed.

The use of these spatial analysis techniques was justified by the study hypothesis,
which sought to identify whether longevity in Colombia follows a random or clus-
tered geographical distribution. First, Moran’s I was applied to test the null hypoth-
esis of spatial randomness and to detect whether global clustering of centenarians
existed. Confirming a non-random distribution provided the rationale for subsequent
spatial exploration. Second, rasterization and spatial relative risk estimation allowed
us to move from global clustering to local identification of ‘hotspots’, i.e., municipal-
ities with a significantly higher prevalence of centenarians. This multi-step approach
ensured that the sociodemographic and environmental factors analyzed in the regres-
sion models were tested against spatially meaningful outcomes.

Additionally, point patterns were analyzed by calculating the Spatial Relative Risk
using a fixed-bandwidth isotropic kernel with uniform edge correction. Contour lines
were generated based on the p-values of the risk estimation, and raster images were
created, considering only pixels where the p-value was less than 0.05.

The statistical analysis was conducted using the R software (Version 4.3.1) (https
://[www.r-project.org/).

Ethical Statement

This study was performed in compliance with Act 008430/1993 of the Ministry of
Health of the Republic of Colombia, which classified it as minimal-risk research.
The institutional review board of Universidad de la Costa approved the study design.

Results

National and Department Demographic Characteristics of Centenarians in
Colombia

In 2018, Colombia had a total of 12,226 centenarians (5,294 men vs. 6,932 women),
corresponding to 0.02% (n=12,226/44,164,417) of the total population. Of these,
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79.16% (n=9,679) lived in urban areas, while only 14.03% (n=1,716) lived in rural
dispersed areas. The overall centenarian rate in Colombia was 2.80 per 10,000 inhab-
itants, with a higher rate observed among women compared to men (3.10 vs. 2.50).
The highest overall rate was found in urban areas (2.83 per 10,000 inhabitants), fol-
lowed by intermediate geographic zones (2.64 per 10,000 inhabitants) and rural dis-
persed areas (2.48 per 10,000 inhabitants). In these zones, the rate was higher in
women compared to men.

When stratified by age subgroups, centenarians (100-104 years), semi-supercen-
tenarians (105—-109 years), and supercentenarians (> 110 years), it was identified that
the national rate for the first group was 1.59 per 10,000 inhabitants (1.26 for men vs.
1.91 for women). The national rate for semi-supercentenarians and supercentenarians
was 0.60 per 10,000 inhabitants (0.60 for both sexes) and 0.56 per 10,000 inhabitants
(0.58 for men vs. 0.55 for women), respectively (Table 1).

Five departments were identified where the overall centenarian rate was notably
higher compared to the national rate: (1) Bolivar (4.70 per 10,000 inhabitants); (2)
Guaviare (4.50 per 10,000 inhabitants); (3) Chocé (4.00 per 10,000 inhabitants); (4)
Atlantico (3.50 per 10,000 inhabitants); and (5) Risaralda (3.50 per 10,000 inhab-
itants). Interestingly, variations were observed between these departments when
analyzing specific centenarian subgroups. Bolivar (2.38), Choco (2.27), and Valle
del Cauca (1.98) had the highest rates of centenarians aged 100—104 years, while
Guaviare (3.42), Risaralda (1.22), and Bolivar (0.99) exhibited the highest rates of
semi-supercentenarians. For supercentenarians, Vaupés (1.59), Bolivar (1.28), Choco
(0.78), and Vichada (0.78) recorded the highest rates (Table 1).

When incorporating the 95% CI, it was observed that Bolivar (4.36-4.98),
Risaralda (3.09-3.90), and Valle del Cauca (2.96-3.32) presented more precise
estimates, whereas Guaviare (3.11-6.34) showed a wide interval, reflecting greater
uncertainty due to its smaller population. These findings suggest that, although abso-
lute rates help identify territories with exceptional longevity, the width of the 95% CI
should be taken into account when assessing the stability of the estimates.

The overall female/male ratio among centenarians was 1.30, with the highest ratio
observed in urban areas (1.39) and the lowest in dispersed rural areas (0.94). For
centenarians aged 100-104 years, the female/male ratio was 1.59, while for semi-
supercentenarians and supercentenarians, the ratios were 1.03 and 0.98, respectively.
In all three groups, the highest ratios were found in urban areas (1.73, 1.08, and 1.01,
respectively), while the lowest were in dispersed rural areas (1.06, 0.81, and 0.81,
respectively) (Table 2).

Demographic Characteristics of Municipalities With Higher Rate of Centenarians
in Colombia

Twenty municipalities were identified with notably higher centenarian rates com-
pared to the national average, ranging from 9.95 to 72.83 centenarians per 10,000
inhabitants. The department with the highest number of municipalities in this group
is Boyaca, which accounts for 7 municipalities. Among the subgroups of centenar-
ians, the most frequently observed in these areas are centenarians (9 municipalities),
followed by semi-supercentenarians (7 municipalities) (Table 3). Differences in rates
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were observed regarding sex, as well as territorial zones. La Celia, located in the
department of Risaralda, has the highest overall centenarian rate (72.83), while the
municipality of Ciudad Bolivar (Antioquia department) reports the highest number
of centenarians (n=132) in this group. Despite differences in the frequencies reported
across regions, a pattern emerged indicating a higher frequency of male centenarians,
as well as centenarians located in urban areas (Table 3).

Human and Environmental Characteristics Between the Departments and
Municipalities With the Highest Rate of Centenarians in Colombia

Among the departments with the highest centenarian rates in Colombia (Figs. 1A-F),
it was identified that the distribution of centenarians in four departments is closely
related to proximity to bodies of water, agricultural zones, grasslands, and herbaceous
vegetation (Fig. 1A, B, C and E). In the cases of the department of Chocé (Fig. 1C)
and Guaviare (Fig. 1F), the concentration of centenarians was predominantly asso-
ciated with proximity to grasslands and forests. In the department of Risaralda
(Fig. 1D) and Valle del Cauca (Fig. 1E), the centenarian population distribution was
more notably linked to proximity to agricultural zones and artificially greened areas.

Among the municipalities noted for having high centenarian rates, a consistent
pattern of proximity to agricultural areas, herbaceous vegetation, forests, and, in
some cases, bodies of water were observed across all municipalities (Figs. 2-AF).
In the cases of La Celia (Fig. 2-C) and Ciudad Bolivar (Fig. 2-A), the municipalities
with the highest centenarian rates in the country (72.83 and 56.50 per 10,000 inhabit-
ants, respectively), this pattern of proximity to agricultural zones and areas with her-
baceous vegetation was evident. In both municipalities, the frequency of centenarians
is higher among men. However, in La Celia, centenarians are predominantly located
in dispersed rural areas compared to urban areas (44 vs. 1 centenarian) (Fig. 2-C),
whereas in Ciudad Bolivar, centenarians are primarily concentrated in urban areas
(98 vs. 34 centenarians) (Fig. 2-A).

Overall, agricultural zones were also prominent, notably in Risaralda (61%) and
Bolivar (23.40%) (Table 4). Open areas with sparse vegetation and grasslands col-
lectively accounted for 13.50% of total hotspot land, while wetlands and water bod-
ies remained marginal. Urbanized areas represented only 1% of the total territory,
underscoring the rural nature of longevity hotspots. Risaralda and Atlantico showed
relatively higher urban percentages (16.60% and 4.10%, respectively), yet remained
minor compared to forest and agricultural coverage (Fig. 3). Mining and dumping
zones were minimal (0.60%) (Fig. 3).

To complement the descriptive findings, 95% CI were calculated for all territorial
centenarian rates. These intervals, presented in Tables 5 and 6, provide a measure of
precision for each estimate and allow readers to assess whether the observed differ-
ences between departments and municipalities may reflect chance variation or mean-
ingful patterns.
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Fig. 1 Geographical and human activity characteristics of the departments with the highest rate of
centenarians in Colombia. (A) Bolivar department. (B) Choc6 department. (C) Risaralda department.
(D) Valle del Cauca department. (E) Guaviare department. (F) Atlantico department. The pink triangles
represent the distribution of centenarians in the territory

Discussion

This study offers a novel window into the biodemographic dynamics of longevity in
Colombia, a country marked by profound ecological diversity and social heteroge-
neity (Ministerio de Cultura de Colombia, 2024). By identifying spatial clusters of
centenarians and analyzing their distribution through both demographic and environ-
mental lenses, the research contributes novel insights to the ongoing conversation
about aging and human development.

The presence of over 12,000 centenarians, while modest in relative terms, is sig-
nificant in absolute numbers, particularly considering the country’s middle-income
status and the limited representation of similar nations in global longevity research
(Lozada-Martinez et al., 2024b). Beyond demographics, what gives these findings
depth is their alignment with a growing body of evidence suggesting that longev-
ity is not only a biological phenomenon but a reflection of multilevel and multidi-
mensional interactions between individuals and their environments (Friedman et al.,
2024). Social determinants of health, mental health, and cardiometabolic risks all
have a substantial impact on healthy aging (Santamaria-Garcia et al., 2023).

Although the census data do not allow testing biological mechanisms directly, the
observed geographic patterns of longevity can be conceptually framed within bio-
demographic and geroscientific models. Theories such as inflammaging, epigenetic
modulation, and adaptive metabolic pathways provide plausible biological hypoth-
eses to explain how environmental and social conditions might interact with intrinsic
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aging processes (Anaya et al., 2024; Dugan et al., 2024; van Sleen et al., 2023). These
hypotheses are not inferred from the data themselves but are proposed as guiding
frameworks for future multidisciplinary research linking population-level indicators
with individual health, molecular, and environmental data (Anaya et al., 2024; Dugan
et al., 2024; van Sleen et al., 2023).

Additionally, epigenetic mechanisms may play a role (Wang et al., 2022). Envi-
ronmental factors such as diet, physical activity, exposure to microbiota, and psy-
chosocial stress influence the expression of genes involved in aging and age-related
diseases (Wang et al., 2022). In rural, agriculturally active zones like Risaralda or
Bolivar, dietary patterns rich in plant-based, locally grown food and low in ultra-pro-
cessed products might support favorable epigenetic profiles (Yuan et al., 2023). This
offers a biological basis for the observed rural longevity and the patterns of healthy
aging seen in centenarian hotspots.

Although certain environmental characteristics, such as agricultural activity or
proximity to water bodies, have been proposed as potential correlates of longevity,
the census data used here do not provide information on individual-level behaviors,
diet, or social factors that could mediate these associations (Wang et al., 2022). As
such, the relationships identified should be interpreted as ecological and hypothesis-
generating, rather than explanatory. Future biodemographic studies linking environ-
mental exposure data with health and lifestyle indicators will be essential to test these
hypotheses empirically.
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Table 4 Geographical characteristics of the hotspots with the highest Spatial relative risk of centenarians

in Colombia

Land Cover Department
Atlantico Bolivar ~ Choco Risaralda Guaviare Valle del  Total
Cauca
Km’ (%)
Open areas 143 (13.60) 1020 1549 44 (10.40) 789 (5.20) 251 3796
with little or (21.40)  (6.30) (5.80) (7.50)
no vegetation
Agricultural 350 (33.20) 1117 1506 257 (61.00) 203 (1.30) 924 4357
areas (23.40)  (6.10) (21.50)  (8.60)
Wetlands 25 (2.40) 244 261 (1.10) 0 7(0.10) 0 538
(5.10) (1.10)
Forests 59 (5.60) 851 20,168 79 (18,80) 13,364 2609 37,130
(17.80)  (81.80) (87.80) (60.70)  (73.60)
Water bodies ~ 39(3.60) 219 386 (1.60) 1(0.30) 76 (0.50) 78 (1.80) 799
(4.60) (1.60)
Grasslands 258 (24.50) 1185 513 (2.10) 38 (90) 780 (5.10) 252 3027
(24.90) (5.90) (6.00)
Mining and 6 (0.60) 8(0.20) 260 (1.10) 0 0 5(0.10) 279
dumping sites (0.60)
Urbanized 175 (16.60) 125 23(0.10)  2(0.40) 0 177 502
zones (2.60) (4.10) (1.00)
Total 1055 (100) 4768 24,667 421 (100) 15,220 4297 50,429
(100) (100) (100) (100) (100)
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Fig. 3 Geographical characteristics of the hotspots with the highest spatial relative risk of centenar-
ians in Colombia. (A) Risaralda department. (B) Atlantico department. (C) Guaviare department. (D)
Choco department. (E) Bolivar department. (F) Valle del Cauca department
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Table 5 Centenarian rates per Department Municipality Centenarian 95%  95%

10,000 inhabitants and CI 95% rate CI CI

in municipalities with the high- Lower Upper

est rates, Colombia, 2018 Risaralda La Celia 72.80 5312 97.46
Antioquia Ciudad Bolivar  56.50 4727 67.00
Magdalena El Pifion 33.50 2544 4332
Boyaca Ventaquemada  26.50 18.62 36.46
Amazonas Miriti — Parana ~ 19.60 236 70.62
Casanare Sdcama 17.90 3.69 5234
Boyaca Sutatenza 17.10 6.28  37.30
Valle del Cauca  La Victoria 16.30 9.64 2572
Choco Medio Atrato 14.80 827 2439
Boyaca El Espino 14.70 4.01 37.72
Boyaca Macanal 14.00 455  32.70
Boyaca Berbeo 13.80 1.66  49.72
Boyaca San Eduardo 12.70 1.54 4595
Guainia Puerto Colombia 12.20 1.47 4397
Boyaca Panqueba 12.20 147 4394
Cundinamarca  Chaguani 12.00 327  30.82
Bolivar Coérdoba 11.30 6.59  18.13
Bolivar Maria La Baja 11.30 8.37 14.79
Choco Sipi 10.80 223 31.67
Casanare Chameza 10.00 120 35.96

When contrasted with prior literature, these findings show both similarities and
divergences (Poulain & Herm, 2025). In Japan and Italy, for example, national cente-
narian rates already reaching up to 159 per 10,000 inhabitants, but the spatial cluster-
ing in rural or semi-rural territories mirrors what we observed in Colombia (Poulain
& Herm, 2025). In Costa Rica’s Nicoya Peninsula, one of the most recognized “blue
zones,” the role of agricultural environments and plant-based diets has been empha-
sized as protective factors (Gomez Salas et al., 2024), parallels that can be drawn with
Colombian municipalities such as La Celia or Ciudad Bolivar. Conversely, the pre-
dominance of male centenarians in certain Colombian hotspots contrasts with global
trends of female survival advantage, pointing to potentially unique local dynamics
that deserve further study (Poulain & Herm, 2025).

The female/male ratios observed in our study also provide insights for under-
standing sex-differentiated aging. Although women generally live longer and exhibit
higher centenarian rates (Ostan et al., 2016), the predominance of men in certain
Colombian hotspots challenges conventional assumptions. From a public health
perspective, this suggests that local environmental, cultural, or occupational factors
may modulate sex-specific longevity patterns (Lemaitre et al., 2020). For example,
reduced exposure to urban occupational hazards, sustained engagement in agri-
cultural work, and strong community ties could favor male survival into advanced
ages (Lemaitre et al., 2020). These findings highlight the need for sex-sensitive
approaches in aging research and policy, as determinants of extreme longevity may
operate differently for men and women depending on their social and ecological
context (Lemaitre et al., 2020).
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Table 6 Centenarian rates per 10,000 inhabitants and CI 95% by department, Colombia, 2018

Department Centenarians Population Centenar- 95%ClI  95% CI
ian rate Lower Upper
Antioquia 1847 5,974,788 3.10 2.95 3.23
Atlantico 815 2,342,265 3.50 3.24 3.72
Bogota, D.C. 1932 7,181,469 2.70 2.57 2.81
Bolivar 891 1,909,460 4.70 4.36 4.98
Boyaca 278 1,135,698 2.40 2.16 2.75
Caldas 199 923,472 2.20 1.86 2.47
Caqueta 68 359,602 1.90 1.46 2.39
Cauca 313 1,243,503 2.50 2.24 2.81
Cesar 198 1,098,577 1.80 1.56 2.07
Cordoba 474 1,555,596 3.00 2.77 333
Cundinamarca 639 2,792,877 2.30 2.11 2.47
Choco 182 457,412 4.00 3.42 4.60
Huila 195 1,009,548 1.90 1.66 222
La Guajira 222 825,364 2.70 2.34 3.06
Magdalena 375 1,263,788 3.00 2.67 3.28
Meta 177 919,129 1.90 1.65 223
Narino 311 1,335,521 2.30 2.07 2.60
Norte de Santander 289 1,346,806 2.10 1.90 2.40
Quindio 133 509,640 2.60 2.18 3.09
Risaralda 292 839,597 3.50 3.09 3.90
Santander 472 2,008,841 2.30 2.14 2.57
Sucre 235 864,036 2.70 2.38 3.09
Tolima 280 1,228,763 2.30 2.01 2.56
Valle del Cauca 1187 3,789,874 3.10 2.95 3.31
Arauca 33 239,503 1.40 0.94 1.93
Casanare 51 379,892 1.30 0.99 1.76
Putumayo 49 283,197 1.70 1.28 2.28
Archipiélago de San An- 13 48,299 2.70 1.43 4.60
drés, Providencia y Santa
Catalina
Amazonas 11 66,056 1.70 0.83 2.97
Guainia 8 44,431 1.80 0.77 3.54
Guaviare 33 73,081 4.50 3.10 6.34
Vaupés 8 37,690 2.10 0.91 4.18
Vichada 16 76,642 2.10 1.19 3.39

One hypothesis is that certain social and environmental conditions, particularly in
rural or semi-urban communities, reduce typical male-associated risk behaviors (e.g.,
substance use, high-risk labor) and foster protective routines (Pinho-Gomes et al.,
2022). For instance, involvement in community agriculture, lower stress from urban
labor markets, and stronger social ties may be particularly beneficial for men who
reach later life stages (Pinho-Gomes et al., 2022). These observations pave the way
for new sex-informed hypotheses in longevity research.

The spatial analysis also underscores the importance of ecosocial theories of health,
which suggest that health outcomes emerge from dynamic interactions between bio-
logical systems and broader social and environmental structures (Krieger, 2024). In
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the municipalities of La Celia and Ciudad Bolivar, for example, we see two distinct
models of longevity: one deeply rural and environmentally immersed, the other more
urban but potentially enriched by access to healthcare and community cohesion. Both
demonstrate that the paths to aging well are diverse, shaped by local histories, geog-
raphies, and cultures (Krieger, 2024).

The spatial distribution of centenarian rates across Colombian departments indeed
reveals contrasting patterns. Departments such as Bolivar and Risaralda, with relatively
favorable socioeconomic and health indicators, coexist with others like Choco and
Guaviare, characterized by limited infrastructure and historical vulnerability. At first
glance, these discrepancies may seem paradoxical and could raise questions about data
quality or contextual plausibility. However, such variation is consistent with Colom-
bia’s marked demographic, environmental, and cultural heterogeneity and underscores
the need to interpret longevity patterns beyond purely structural explanations.

These regional patterns should not be interpreted through a unidimensional socio-
economic lens. The coexistence of high centenarian rates in departments such as
Bolivar, Risaralda, Choc6, and Guaviare reflect the complex interplay between envi-
ronment, social structures, and biological adaptation rather than a simple gradient of
development. According to multidimensional and multidirectional models of aging,
longevity may arise from synergistic or compensatory mechanisms that allow indi-
viduals and communities to maintain resilience even under adverse socioeconomic
or infrastructural conditions (Anaya et al., 2025; Christensen et al., 2009; Poulain et
al., 2013; Vaupel, 2010). In this sense, these apparent paradoxes do not undermine the
findings but rather reinforce the biodemographic premise that exceptional longevity
is a heterogeneous phenomenon shaped by diverse ecological and social determi-
nants (Christensen et al., 2009; Poulain et al., 2013; Vaupel, 2010). Further research
combining demographic data with health and lifestyle indicators will be essential to
explore these mechanisms in depth.

Importantly, these findings help address gaps in global aging research. First, they
introduce empirical evidence from a Latin American country, a region frequently
underrepresented in geroscience literature (Lozada-Martinez et al., 2024b). Second,
they offer a methodology that integrates open-access census data with geospatial and
ecological indicators, making it feasible for other resource-limited settings to explore
similar questions. Third, they hint at synergistic protective factors that may not be
fully appreciated in high-income countries, where aging research often focuses on
biomedical technologies and individualized interventions.

From the perspective of geroscience, this study broadens the scope of what it
means to “age successfully.” It reminds us that longevity cannot be fully under-
stood without considering the lifelong biological adaptation to social and ecological
environments (Ferrucci et al., 2024). This analysis underscores the value of spatial
analysis for identifying human longevity patterns, offering scalable tools to detect
emerging blue zones and inform place-based health interventions.

From a biodemographic standpoint, the geographic distribution of centenarians
in Colombia supports the view that longevity is not solely a demographic outcome
but a multifactorial process shaped by the interaction between biology, environment,
and society (Ferrucci et al., 2024). The identification of potential longevity hotspots
across heterogeneous ecological and socioeconomic contexts reflects the adaptability
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of human aging, consistent with the biodemographic premise that survival to extreme
ages emerges from complex and nonlinear dynamics rather than uniform demo-
graphic transitions. In this sense, the findings contribute to expanding the empirical
scope of biodemography toward diverse population settings and reinforce its integra-
tive perspective on human longevity.

The interpretation of these findings must also be viewed within the Latin American
context, where demographic data on centenarians remain limited and often affected
by under-registration and age misreporting (Poulain et al., 2013; Poulain & Herm,
2025). Despite these challenges, several regional analyses have shown similar spa-
tial heterogeneity in survival to advanced ages, suggesting that localized longevity
clusters may exist even in settings with data constraints (Poulain et al., 2013; Poulain
& Herm, 2025). By providing this nationwide ecological assessment of centenarian
distribution in Colombia, this study contributes to addressing a significant regional
gap and lays the groundwork for future comparative biodemographic research as data
quality in Latin America continues to improve.

There are limitations to consider in this study. First, the cross-sectional design pre-
cludes the establishment of causal relationships between environmental exposures and
longevity. The study period is limited to the year 2018, as this corresponds to the most
recent national census in Colombia. We cannot determine whether individuals lived their
entire lives in the locations where they were counted, or whether they migrated there
later in life, a factor that could confound interpretations of environmental influence.
Second, while the census provides a comprehensive demographic snapshot, it does not
capture critical variables such as comorbidities, lifestyle behaviors, psychosocial fac-
tors, or genetic profiles. These dimensions are central to understanding the mechanisms
behind extreme longevity but remain outside the scope of the current dataset.

On the other hand, the results show that although several departments and munici-
palities present centenarian rates that far exceed the national average, the inclusion
of 95% CI allows for a more nuanced interpretation of these findings. Departments
such as Bolivar, Risaralda, and Valle del Cauca exhibited relatively narrow intervals,
suggesting greater precision in the estimates. In contrast, Guaviare showed a particu-
larly wide interval, reflecting statistical instability due to a small absolute number of
centenarians within a limited population. This finding underscores the importance
of considering the inherent variability of the rates, avoiding categorical conclusions
based solely on point estimates.

At the municipal level, this situation becomes even more pronounced, as munici-
palities with smaller populations tend to display extreme rates accompanied by wide
95% CI. This necessitates cautious interpretation of the results, since high values do
not necessarily imply greater population longevity but may instead reflect random
fluctuations in small counts.

Additionally, it is important to emphasize the temporal limitation of our study.
The analyses were based on the 2018 Colombian National Census, and therefore
the sociodemographic and environmental conditions influencing longevity may have
changed during the subsequent years. Factors such as climate change, migration
dynamics, health system transformations, and lifestyle transitions could modify the
prevalence and distribution of centenarians, which must be considered when inter-
preting the current findings.
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As with any census-based analysis, the possibility of age misreporting, particularly
among individuals aged 110 years and above, cannot be fully ruled out. Although
these data were collected through standardized, in-person enumeration by DANE,
future studies should aim to validate extreme ages through linkage with vital registra-
tion and individual-level verification.

Our classification identifies potential blue zones rather than definitive “blue
zones.” More advanced approaches (e.g., Empirical Bayes/Poisson-Gamma smooth-
ing or spatial scan statistics) should be prioritized once individual-level validation
and vital registration linkages are available. Until then, a transparent national-base-
line criterion, together with uncertainty quantification and clustering tests, offers a
prudent first stage for screening territories that merit demographic validation and
targeted follow-up.

Despite these limitations, the study is grounded methodological strengths. It lever-
ages a national census with high population coverage, reducing selection bias. The
integration of land cover and spatial risk analysis provides an innovative ecological
lens rarely applied in longevity research. Furthermore, by focusing on patterns rather
than isolated cases, the study offers valuable insights into the broader contextual
drivers of longevity. Data presented correspond to centenarians from a geographic
area characterized by racial and cultural mixing (Martschenko et al., 2023), providing
valuable information for subsequent analyses. These strengths support the validity of
our observations and lay the groundwork for more targeted, longitudinal, and multi-
dimensional investigations.

Existence of Potential Blue Zones in Colombia?

The geographic and environmental patterns revealed in this study provide compelling
evidence that certain regions of Colombia may be potential “blue zones”, territories
where a combination of biological, social, and ecological conditions favor excep-
tional longevity (Lozada-Martinez & Anaya, 2024). The clustering of centenarians
in municipalities with abundant forest cover, agricultural activity, and low levels of
urbanization is not random. Rather, it suggests a confluence of factors that echo the
conditions observed in internationally recognized blue zones.

These findings call for deeper, interdisciplinary exploration. To understand the
true nature of these Colombian longevity hotspots, future studies should combine
biodemographic analysis with fieldwork, health records, biomarker data, and ethno-
graphic insights. In doing so, we may uncover not only new blue zones but also new
models of aging, rooted in culture, land, and community, that can inform aging policy
and health promotion strategies across diverse contexts.

Beyond their academic value, these findings have practical implications. From a
public health perspective, identifying municipalities with unusually high centenarian
rates underscores the need to strengthen demographic monitoring systems and inte-
grate them with health and social data to better track longevity trends (Argentieri et al.,
2025). For research, these areas represent natural laboratories for studying protective
factors, biological, environmental, and cultural, that contribute to extreme longevity
(Argentieri et al., 2025). For territorial planning and policy, the evidence suggests
opportunities to design context-specific strategies that support healthy aging, such as
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improving access to healthcare in rural areas, preserving ecological environments,
and fostering community-based social networks (Crimmins & Vasunilashorn, 2016).

From a policy perspective, mapping these areas can guide the validation and
improvement of vital registration and census systems, support the targeted allocation
of health and social programs for older adults, and inform territorial planning that
accounts for regional differences in aging trajectories. Such evidence-based strate-
gies can help integrate local environmental and social factors into national healthy-
aging policies, aligning with the World Health Organization’s Decade of Healthy
Ageing framework (World Health Organization, 2020).

Future research should extend this ecological approach by integrating age-specific
mortality data and analyzing demographic structures across regions. Linking census
information with vital registration and mortality records would make it possible to
determine whether areas identified as potential longevity hotspots are truly charac-
terized by reduced mortality and survival advantages across the life course. Such
analyses will be crucial to confirm the demographic foundations of longevity patterns
observed in this study.

Conclusions

In Colombia, the 2018 census documented 12,226 centenarians, corresponding to a
national rate of 2.80 per 10,000 inhabitants. Our analysis identified departments such
as Bolivar, Guaviare, Choc6, Atlantico, and Risaralda, and twenty municipalities,
where centenarian rates were notably higher than the national average. While women
predominated overall, several hotspots revealed a relative predominance of men, sug-
gesting context-specific sex dynamics. Similarly, although most centenarians lived in
urban areas, some municipalities displayed concentrations in dispersed rural settings,
highlighting the diversity of demographic patterns across the territory.

These areas, characterized by proximity to agricultural zones, herbaceous vegeta-
tion, forests, and, in some cases, bodies of water, may be considered potential “blue
zones” for the study of healthy and extreme longevity. Centenarians and semi-super-
centenarians were the most common subgroups within these zones.

This study not only demonstrates the geographic and demographic distribution of cen-
tenarians but also underscores the interaction between environmental and human char-
acteristics that may shape extreme longevity. These findings highlight the importance
of strengthening demographic monitoring and integrating ecological, health, and policy
approaches to better understand and address the determinants of longevity. They also
provide evidence that may guide aging policy planners, decision-makers, and researchers
in designing targeted strategies to promote healthy aging in diverse territorial contexts.
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