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1 Introduction
1.1 Life expectancy and factors shaping it

In Europe, life expectancy at birth is overall high compared to other parts of the
world, but certain national and regional differences can be observed here too. In 2020,
the highest ones in Europe were registered in Switzerland (83.1 years) and Norway (83.3
years), while the lowest ones in Bulgaria (73.6 years) and Romania (74.2 years) (1). When
focusing on European regions instead of individual countries, the Epirus region of Greece
(83.8 years), the Balearic Islands of Spain (83.9 years), and French Corsica (84 years)
have the highest life expectancy, while the lowest one can be observed in the North-
Western Region of Bulgaria (72.1 years) (1).

Life expectancy is influenced by several factors, one of the most significant being
a country's level of development, which is often measured by its gross domestic product
(GDP). Even though a higher GDP often correlates with higher life expectancy (2), it is
noteworthy to mention that this relationship is not necessarily linear. For example, in both
the Netherlands and Greece life expectancy at birth is 81.4 years, yet Greece’s GDP is
only half of the Netherlands’ (3, 4). The same phenomenon is observed when comparing
Germany to Portugal (3, 4).

A possible explanation to this phenomenon may reside in national differences
regarding certain lifestyle factors. Among lifestyle factors, tobacco smoking is one of the
most significant risk factor to health (5). According to Eurostat data 2019, Bulgaria had
the highest percentage of daily smokers (people above age 15), at 28.7%, followed by
Greece at 23.6%, Latvia at 22.1%, Germany at 21.9%, and Croatia at 21.8%. In contrast,
Sweden reported the lowest smoking prevalence, at 6.4%, followed by Finland at 9.9%,
Luxembourg at 10.5%, and Portugal at 11.5% (6).

Physical activity is another lifestyle factor that has a strong correlation with life
expectancy. In 2022, a survey conducted by the European Commission revealed that
Finland (71%), Luxembourg (63%), and the Netherlands (60%) were the countries with
the highest levels of physical activity, in contrast with Portugal (73%), Greece (68%), and
Poland (65%) that reported the highest levels of physical inactivity (7).

The data show that Northwestern Europe generally enjoys better longevity
outcomes. However, despite its lower GDP per capita, higher smoking rates, and less

frequent physical activity, Southern countries like Greece are still competitive with
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Northern and Western regions in terms of life expectancy. This could be partially
attributed to differences in cuisine and diet, as diet is another important factor that
influences life expectancy, and the Mediterranean region follows a unique one.

The Mediterranean diet is a dietary pattern typically practiced in countries
bordering the Mediterranean Sea, including Spain, Italy, and Greece in Europe (8). The
Mediterranean diet is distinguished by its emphasis on abundant intake of fruits,
vegetables, whole grains, legumes, nuts, and olive oil (9). It also includes moderate
consumption of fish and seafood, limited to moderate consumption of dairy products, and

minimal intake of red meat and processed foods (9).

The Mediterranean diet has been extensively researched for its potential health
benefits in slowing down aging and lowering the risk of age-related chronic diseases (8,
10), and may partially explain the relatively high life expectancy observed in Greece,
Italy, and the broader Mediterranean area (8, 10).

An increasing body of evidence suggests that specific components of the
Mediterranean diet have diverse anti-aging effects, as demonstrated in both preclinical
and clinical studies. Resveratrol, a polyphenolic compound found in grapes, red wine,
and various berries, exhibits anti-inflammatory, antioxidant, and anticancer properties
(11-27). Resveratrol may also contribute to longevity by activating specific enzymes and
transcription factors (such as SIRT-1 (28), and Nrf2 (29, 30)) that regulate cellular and
molecular processes associated with aging. Apart from resveratrol, various other
compounds abundantly found in the Mediterranean diet have demonstrated notable anti-
aging properties. One example is hydroxytyrosol (31-34), which is abundant in extra
virgin olive oil, a staple ingredient in the Mediterranean diet. Hydroxytyrosol is known
for its potent antioxidant effects, which can potentially safeguard against oxidative stress
and inflammation. Furthermore, flavonoids like quercetin, which is highly abundant in
onions, apples, berries, citrus fruits, leafy green vegetables, tomatoes, and broccoli, have
also demonstrated strong antioxidant and anti-inflammatory properties. These qualities
may all contribute to the anti-aging benefits associated with the Mediterranean diet (35-
37).

Based on data from 2019, countries like Italy, Spain, and Greece often report high

fruit and vegetable consumption, with over 75% of the population consuming these goods



regularly, meanwhile countries like Latvia and Romania reported the lowest rates, below
50% (38). This may partially explain the higher life expectancy found in Mediterranean
countries hence that often have a relatively lower GDP per capita, higher prevalence of
smoking, and higher rates of physical inactivity.

Even though the aforementioned factors shape the present life expectancy in
Europe, it is also interesting to observe how life expectancy changed throughout history
and what factors influenced this change historically. In prehistoric times, life expectancy
was estimated at around 30 years (39) and increased only by approximately 10 years
across antiquity until the onset of Medieval Period (5" — 15" century) (40, 41). During
this period, life expectancy was estimated at 40 years of age, and this did not increase
significantly up until the 18" —19"™ century (40, 41). In the following section, we will
provide an overview about important events and advancements in the field of medicine
that greatly shaped the life expectancy of Europe. Since the statistically analyses of the
present thesis begin with the Black Death, our overview will begin with this catastrophic

event.

1.2 Important events and medical advancements that affected life expectancy

The increase of life expectancy was not always linear throughout history and
certain events even contributed to its decrease, for instance the Black Death (1346-1353).
This epidemic was responsible for the extinction of a significant part of Europe’s
population, leaving a notable impact on the population's health and longevity (42).
Furthermore, the long-term effects also led to significant social and economic
transformations, including changes in the labor force, food availability, and more.(43).

During the Middle Ages (5" —15" century), European medical knowledge was
primarily based on the works of Hippocrates (460-370 BC) and Galen (129-199). This
knowledge was later expanded by the contributions of Avicenna (Ibn Sina) (980-1037)
(44). The flourishing Renaissance era (14" — 17® century) and the Early Modern Period
(16" — 18™ century) were rich and fruitful times for humankind in terms of development
and medical knowledge (45).

During the Renaissance, scientists began questioning the medical knowledge of
antiquity and supplemented the medical canon with new discoveries. For instance,

Andreas Vesalius (1514—1564) published his work De Humani Corporis Fabrica in 1543,
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while William Harvey (1578-1657) discovered the circulation of blood and the role of
the heart as a pump, publishing his groundbreaking work De Motu Cordis in 1628 (45).
Ambroise Paré (1510-1590) also added a pioneer discovery to medicine in the field
surgery techniques and discovered the use of ligatures to stop bleeding during
amputations, which was also a significant innovation in his time (45). These discoveries
facilitated a better understanding of the human body, and helped physicians improve their
knowledge and treatments.

The Industrial Revolution (18" — 19" century) brought a new level of
development. Urbanization and technological advancements in all areas significantly
transformed the population and changed the economic and social aspects of life (43). The
rapidly growing populations and urbanization resulted in crowded housing conditions,
which led to an increase in cases of infectious diseases, such as cholera and typhoid fever
(46). However, these challenges also facilitated developments in public health and led to
John Snow's (1813—-1858) discovery, which helped to understand and control the spread
of cholera (47). As a result of this, the establishment of sewage systems and the
development of water main systems, along with public health policies, greatly influenced
the quality of life and mortality rates in urbanized environments (48). Medical discoveries
also brought significant innovations such as Edward Jenner's (1749-1823) new
vaccination technique instead of variolation (49), Joseph Lister’s (1827-1912) use of
carbolic acid in antiseptic surgeries, and Louis Pasteur's (1822-1895) and Robert Koch’s
(1843-1910) germ theory, (50). Together, these advancements and discoveries all
contributed to a gradual increase of life expectancy as well.

Breakthrough discoveries continued into the late 19" and early 20" centuries,
marking a golden age of scientific advancement and almost doubling of life expectancy.
Wilhelm Conrad Roentgen (1845-1923) discovered X-rays in 1895 (51), which became
essential for medical diagnosis. Alexander Fleming (1881-1955) discovered penicillin in
1928, revolutionizing the treatment of bacterial infections (52). The World Wars of the
20" century led to significant population decreases and economic instability. However,
they also spurred notable medical advancements (53). Moreover, prosperity after the
second World War led European countries to become welfare states, providing citizens
with affordable access to healthcare, education, and social security (53). These

improvements all had long-term positive effects on public health and longevity of the



population (53, 54). The discovery of the DNA structure by James Watson (1928-),
Francis Crick (1916-2004), and Rosalind Franklin (1920-1958) in 1953 marked a brand
new level in medicine, opening up fields such as genetic research and biotechnology (55).
Establishing the World Health Organization (WHO) in 1948 advanced the field of public
health (54). Incidence of polio, measles, mumps, rubella, and other infectious diseases
decreased as a result of vaccine development (54). Thanks to these efforts, smallpox was
also eradicated in 1977 through global vaccination campaigns (54). At the end of the 20th
century, the development of Magnetic Resonance Imaging and Computed Tomography
scans also revolutionized medical imaging and recognizing diseases (56).

In the 21* century, mankind continues to experience improvements in healthcare,
technology, and social policies, which continuously contribute to a gradual and steady

increase of life expectancy (53).

1.3 Historic changes in nutrition
1.3.1 Regional differences

As mentioned before, a region’s diet greatly affects the life expectancy of a
country. Over the centuries, nutrition also changed significantly.

In Southern Europe, even in medieval times, the cultivation of olives and
viticulture has always been important (57). The Arab Agricultural Revolution, part of the
Islamic Golden Age from the 8" to the 13" centuries, introduced significant
advancements in agriculture, which had a lasting impact on the Iberian Peninsula. During
this period, many new crops were brought to the region, including sugar cane, rice, figs,
and citrus fruits. These crops became integral to local agriculture and continued to thrive
even after the Reconquista (58). The dry summers of the region limited the availability of
animal feed, thus sheep and goats were the main farm animals along with seafood thanks
to the proximity of the Mediterranean sea (57).

In the Middle Ages, Central Europe had a very different natural geography
characterized by a temperate climate and vast, seemingly endless forests. These
deciduous forests, dominated by oak and beech trees, created favorable conditions for
sustenance. The nutrient-rich humus soils supported robust cereal production, and the

temperate climate provided an ideal environment for livestock farming (59). In addition,



animal husbandry, especially cattle farming, provided a large amount of milk for
everyday meals, which was used to make cheese and butter (60). Producing butter and
cheese was particularly important on monastic estates, as monastic rules allowed the
consumption of only moderate quantities of meat (60). Butter was mainly used for baking
and cooking in contrast to Southern Europe, where olive oil was more commonly used
(60).

In Medieval Western Europe, animal husbandry was the mainstay of the
agricultural economy, and meat was considered as one of the most important foods (61).
According to some estimates a person consumed at least 100 kilograms of meat per year
on average (62), which is much higher than the yearly per capita consumption of 69.8 kg
in Europe according to data form 2018 (63). In addition to livestock farming, agriculture
in Western Europe was also practiced in the Middle Ages in forest clearings and along
river banks (64). In the West, cattle farming created large dairy farms providing plenty of
meat for royal courts and feasts (65). Fish from the North and Baltic Seas, especially
herring and cod, played a major role in the food supply of the poorer social classes of
medieval Western Europe. Around the 14th century, the Dutch fisherman Willem
Beukelszoon (?-1397) devised a process whereby fishing boats set sail with empty barrels
and salt so that the herring that was gutted and cleaned on board could be directly salted
as well, making it a cheap mass meal for the whole of Europe (66). This innovation later
became one of the cornerstone of the Hanseatic economy (67).

In Northern Europe, the harsh weather and living conditions made very few
areas suitable for farming (68). The western half of the Scandinavian peninsula is
dominated by mountain ranges in many places with altitudes surpassing 2000 meters (69).
The scarce arable land was mainly used for barley and millet, while pastures were mainly
used for cattle and sheep. Agriculture was not the only way to make a living; in addition
to farming and animal husbandry, hunting and fishing were also alternatives (70). Poorer
classes made their living from fishing in the Norwegian coast, while the ruling classes
hunted for moose, deer, roe deer, bears, and smaller animals in the forests (71). The
climate in the Swedish areas is much colder than in Norway, with short summers and long
and cold winters, and unfortunately there was very little land suitable for agriculture, so
livestock farming was the basis of sustenance (mainly cattle) (72). Hunting played a big

role in the royal circles too, even for specialties such as reindeer, caribou, or even whales,
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polar bears, and seals. Sustenance was based on animal husbandry and partly on hunting

and fishing (70).

1.3.2 The table of the European aristocracy

The cuisine favored by European nobility of the time was different than that of the
general population’s diet and may have remained relatively stable over time, influenced
more by contemporary trends and trade than the availability of food. The capacity to
consume large quantities of food and drinks was considered a display of strength and
valor with meat being especially esteemed among the nobility (73). It was typical to serve
and carve whole roasted animals directly at the table just before they were eaten and
smaller animals such as lambs and rabbits, along with ingredients like eggs, mushrooms,
and vegetables, were frequently stuffed inside larger animals like deer, cattle, or pigs, and
then roasted whole (74). Over the centuries, new ingredients and dishes, such as sugar
and later exotic goods followed. The quality and quantity of food became a symbol of
social status and were used as tools of power and diplomacy, not just as a source of
pleasure (75). According to John Dickie the culinary preferences of royalty across Europe
remained relatively uniform during this period too (76). Danielle De Vooght claims
“fashions spread from court to court through their continuing contact with each other”
(77), supporting the assertion that the food preferences of courts were probably more
uniform than different, marked by abundant consumption of meat, extravagant goods, and
both fermented beverages and strong distilled spirits.

To understand the diet of the nobility, the most valuable sources are accounts of
feasts and cookbooks that feature recipes from the upper classes (76). Based on the recipes
of one of the earliest post-antiquity cookbooks from the mid-1300s, The Book for Cook
(Libro per cuoco) by an anonymous author, we can assume that the nobility in Venice
enjoyed a wide access to a diverse array of luxurious spices. This is not surprising, since
Venice was one of the central trade hubs of the time in Europe (78). For instance, recipe
LXXIII in The Book for Cook details a blend of cinnamon, pepper, cloves, ginger, and
saffron, which was used as a pre-prepared spice mixture in other recipes (78). The
extensive use of spices and herbs can be attributed to two main factors: firstly, their high
cost made them a symbol of social status, and secondly, they were also consumed as

medicines influenced by the humoral pathology concept of the era (76, 79). Recipe
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collections from the fourteenth and fifteenth centuries in Western Europe and Italy shared
many similarities especially the widespread cultural practice of adding spices into a wide
range of dishes (76). The nobility indulged in large quantities of meat seasoned with
exotic spices, accompanied by white bread and delicacies such as almonds, dates, and
other luxury items (76).

From the Age of exploration and geographic discoveries (late 15" century), the
nobility reduced their consumption of herbs and spices, as accessible spices like black
pepper lost their status-symbolizing significance. Instead, colonial goods such as coffee,
tea, tobacco, chocolate, and strong, distilled and flavored spirit beverages became the new
luxurious commodities. Moreover, rulers began to include a diverse selection of fresh
vegetables and fruits like artichokes, peas, beans, bell peppers on their dining tables (43).
Later, thanks to the explorations and agricultural advancements, potato, tomato, and corn
also appeared on the table from the eighteenth century (76). Frank Spooner conducted a
comparison of the dietary habits of nobles with those of the local hospital and found that
while the hospital's diet was predominantly cereal based (81% of calories derived from
cereals), the Spinola family's diet consisted only of 53% cereals. Additionally, the Spinola
family consumed twice as much meat and three times as much dairy products as in the
hospital (43, 80). This could also indicate that the diet of the nobility was different than
the diet of the general population with a relatively higher consumption of proteins and
fats and a lower consumption of complex carbohydrates, however, this comparison
should be approached with caution, as medical dietary considerations played a significant
role for the patients in the local hospital. For a long time, diet was a key component of
their therapy prior to the introduction of iatrochemistry, and it’s important to note that the
average person's diet did not necessarily align with the hospital diet.

During the eighteenth century, there was a noticeable gap between economic
progress and population expansion, resulting in intermittent shortages of food and periods
of starvation among the general population (43). It required time for production and
consumption rates to realign once more. However, due to improvements in animal
husbandry and agriculture, the elimination of fallow land, the adoption of crop rotation
involving cereals and legumes, and the introduction of new fertilization techniques
coupled with the dissemination of new high-yield crops like rice, maize, and potatoes, the

threat of a famine crisis was mitigated. Nevertheless, despite the improved security of
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food supply, it also became more unevenly distributed and stratified socially (43). The
diet of the impoverished became more basic and limited as wheat and meat became less
accessible and were substituted with corn and potatoes among the commoners. Some
information regarding what a Hungarian Benedictine monks consumed in the 18" century
supports these tendencies, but it has to be mentioned that monks also consumed not only
fish (8, 10, 81) but also beef and wild meat (82). We also know that beans, lentils, peas,
prunes, strawberries, oats and wheat were also often consumed in the community (83,
84). Sugar first appeared around 1745, before that only honey was available as sweetening
substance (85, 86). Chestnut, lemon, and olive would also have appeared on special
occasions on the table of the Hungarian brothers (87, 88).

By the late nineteenth century, the adoption of new refrigeration and canning
methods, alongside advancements in milling techniques that resulted in refined wheat,
increased the accessibility of white bread to a broader swath of the population (43).
Advancements in technology ultimately enabled broader access to meat and bread,
ensuring a more reliable food supply for the general populace, however, the nobility
persisted in their preference for sophisticated and extravagant dishes, transforming
mealtime into a spectacle centered around social presentation (43). While economic
processes had minimal direct impact on the dietary choices of the nobility, they indirectly
influenced the food preferences and provisions served at noble tables across the different

regions.
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2 Objectives

To better understand longevity patterns today, it is also important to analyze the
lifespans of people from the past. However it is challenging to find homogenous groups
from the past where individuals' lives were properly recorded, including information on
their lifestyle, birth, and death (46). There are some exceptional groups in this regard,
however, whose entire lives were recorded, for instance the nobility, artists, or religious
groups like monks and nuns (89). The latter group's lifestyle was humbler and closer to
the average population's, yet still well documented. By focusing on these exclusive
groups, we can minimize the possible variability of socioeconomic status, lifestyle, and
other factors influencing longevity. Thus, the objectives of the present thesis are as

follows:

1. Our primary objective is to perform a retrospective study analyzing the
differences in the lifespan of European rulers who ruled after the Black Death
(1346-1353) until today with special emphasis on differences in survival in-
between different geographic areas using the Southern European region as

reference where Mediterranean diet was characteristic.

2. Our secondary objective is to compare the survival of Hungarian Benedictine
monks with the lifespan of Southern European and Central and Eastern European
rulers. Like rulers, monks represent a relatively well-documented population

whose lifestyle follows a set of standard rules.
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3  Methods
3.1 Primary analysis: Survival of rulers by geographic regions

3.1.1 Population of the primary analysis

To collect our data on European rulers, we utilized various online sources,
including Encyclopedia Britannica and cross-referenced our population of rulers with the
dynastic tables found in Morby’s Dynasties of the World (2002) (90, 91). We started our
data collection with rulers who were already in power by 1354, a year after the end of the
devastation of the Black Death (1346—1353), which often caused rulers to succumb to
infection (42). Our data collection continued until the last ruler for countries that ceased
being a monarchy or until the first ruler still alive if the given country persisted as a
monarchy to this day. We limited our analysis to European rulers to maintain consistency

of our sample population.

3.1.2 Variables of the primary analysis

We extracted various kinds of information for each ruler, including their sex, birth
and death date, age, age of enthronement, duration of ruling, country, and cause of death
(natural vs. violent death). The definition of violent death included deaths caused by
unexpected events, poisoning, accidents, murders, execution, or war. If we did not have
any specific information regarding the cause of death, we assumed a natural death. We
coded the residency of each ruler based on where they would have lived at the present
day (2023). If a ruler governed in more than one country or moved to another country,
their residency was coded according to where they lived the longest. Finally, we classified
the countries into the following regions based on the FEuroVoc Geographical
classification: Northern, Western, Southern, Central and Eastern Europe (as shown in

Figure 1) (92).
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Central and Eastern Europe

Southern Europe

Western Europe

Northern Europe

Figure 1. Classification of European sub-regions based on EuroVoc, with country
borders representing the divisions as of 2023. Although the European part of Turkey is
classified as part of the Southern region, we exclude Turkey from our analysis due to

cultural reasons.

3.1.3 Statistical analysis of the primary analysis

Normal distribution of continuous variables was tested with Shapiro-Wilk test. As
continuous variables followed a non-normal distribution, Kruskal-Wallis tests were used
to compare continuous variables (age, age of enthronement, and duration of rule) among
regions. Cox-regression models were created for natural vs. violent death as outcome and
age as follow-up. Only those participants were included in the analysis who reached at
least the age of 40 years, the approximate life expectancy up until the twentieth century
(40, 41). We considered death before age 40 as premature and more likely to be associated
to non-natural causes;. Since the Mediterranean diet is often associated with health
benefits (9), we used the Southern region as reference in all our analyses.

First, Cox regression models were built including all European rulers who ruled
between 1354-2022 and reached the age of at least 40 years. In the regression model,

covariates included birth year, sex, and region. Birth year was centered around 1700.
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Linear and quadratic time terms were also introduced in the regression models. From the
regression models, rate ratios (RRs) and 95% confidence intervals were calculated. The
rate ratios show how much more likely it is for a comparison group to die of natural death
as compared to the reference.

Kaplan-Meier curves were then plotted to depict the differences in survival across
regions. The Kaplan-Meier curves show the probability of survival over time, where each
step down corresponds to an event, in our case the event of death. The vertical axis
represents the survival probability, ranging from 0 to 1, while the horizontal axis shows
the time elapsed since the start of the study. The curve remains flat if no events occur and
drops when an event is recorded. It is important to note that the Kaplan-Meier curves
show each death event, regardless of whether the cause was violent or natural, and include
both sexes. In the Cox regression analysis, these variables are adjusted for.

Since life expectancy changed significantly from 1354 to 2022, it may be
reasonable to divide the aforementioned period into the following 3 shorter time periods

to better capture differences regarding life expectancy:

e 1354-1499: End of the Black Death until the Discovery of Americas
e 1500-1749: The discovery of Americas until the Industrial Revolution

e 1750+: From the Industrial Revolution onwards

Descriptive tables and Cox regression models were built for the three time periods
separately, as described above. Kaplan-Meier curves by region were also plotted for these
analyses as well. Moreover, Kaplan-Meier curves were also plotted showing how survival
changed over the three time periods by region, and how survival of every region compared
to each other over the three time periods.

For all analyses, statistical significance was set at p<0.05. All statistics were
conducted by IBM-SPSS 24. Kaplan-Meier survival curves were constructed using R

(“survminer” package).
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3.2 Secondary analysis: Survival of Hungarian Benedictine monks and rulers

Similarly to rulers, monks represent a relatively well-documented group of people
with recorded data of date of birth and death and a well-defined lifestyle. This is why we
decided to run an additional analysis to compare the survival of Hungarian Benedictine
monks to Southern European rulers and Central and Eastern European rulers. The reason
for the comparison of these three groups is that the monks come from the previously
mentioned Central and Eastern European region, making it worthwhile to compare them
to the ruling class of the same region. Additionally, we also included the Southern region
in the analysis to examine how the survival of monks compared to that of rulers in the

Mediterranean region.
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Figure 3. The Abbey of Pannonhalma, Hungary (Photograph by: Balint Madarasz, 2022).
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3.2.1 Population of the secondary analysis

Data of Hungarian Benedictine monks was obtained from the Directory of the
Order of St. Benedict of Pannonhalma 1802-1986 collected by Pal Berk6 and Norbert
Leganyi (Pannonhalmi Szent Benedek-Rend Névtara 1802-1986) (93) (Figure 3). This
directory provides information about Hungarian monks who served the order between
1802 and 1986. Since the earliest birth date in this directory is from 1728, we decided to
restrict our analyses to also only include rulers born after 1728. Additionally, we also
excluded all monks who left the order from our analyses, all rulers whose death was coded
as violent death, and finally also all female rulers. We included only the monks born
between 1728 and 1850. Although the dataset extends beyond this period, the population
becomes less consistent after 1850 due to historical factors, such as world wars and

significant emigration.

3.2.2 Variables of the secondary analysis

The following variables were collected for our secondary analysis: birth and death

date, age, country, and residency of monks (and rulers).

3.2.3 Statistical analysis of the secondary analysis

Normal distribution of continuous variables was tested with Shapiro-Wilk test. As
continuous variables followed a non-normal distribution, Kruskal-Wallis tests were used
to compare continuous variables (age). In our descriptive analysis, age was presented as
years and interquartile range. Cox regression analyses were constructed similarly to
previous analyses by including linear and quadratic time terms for birth year for only
monks and rulers who reached the age of at least 40 years. From the regression models,
rate ratios (RRs) and 95% confidence intervals were extracted. Kaplan-Meier curves were
also plotted for this analysis as well. Statistical significance was set at p<0.05. All
statistics were conducted by IBM-SPSS 24. Kaplan-Meier survival curves were

constructed using R (“survminer” package).
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4 Results
4.1 Results of our analyses examining the survival of European rulers by regions

A total of 989 rulers were identified in the database. We decided to exclude Popes
(n = 59) and Doges of Venice (n = 67) from our analysis, since they were significantly
older when first elected, and thus their inclusion would have led to bias, as seen by the
following results. The Popes and Doges of Venice stood out with a median age of
enthronement at 64 and 70, and a median age of death of 70 and 77, respectively,
indicating significantly better survival rates than rulers in other regions. For comparison,
the median age of enthronement and median age for rest of the rulers in the Southern
region was 27 and 57, respectively (Table 1. and Fig. 2.). The Cox regression analyses
reveals that the risk of the event occurring (death) among the popes is 61% lower and
73% lower among the Doges as compared to the Southern region. This is corroborated by

the Kaplan-Meier survival curves.
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Table 1. Descriptive data and Cox regression analysis for rulers of the Southern Region, popes, and Doges of Venice (89)

Age of Cox regression
Participants Age of death* Duration of rule
Group enthronement* analysis
n (%) years (IQR) years (IQR)
years (IQR) RR (95% CI)
Rulers of the Southern Region 166 (56.8) | 57.00 (49.75-66.00) | 27.00 (18.00-37.25) | 27.00 (13.00-38.00) ref.
Popes 59 (20.2) 70.00 (67.00-81.00) | 64.00 (55.00-68.00) 9 (5.00-15.00) 0.39 (0.28-0.55)*
Doges of Venice 67 (22.9) 77.00 (70.00-82.00) | 70.00 (65.00-75.00) 9 (5.00-15.00) 0.27 (0.20-0.38)*
Kruskal-Wallis tests were used to compare continuous variables among regions. Rate ratios and 95% Confidence Intervals

were calculated from Cox-regression models.

*p<0.05

Abbreviation: 95% CI: 95% Confidence Interval; IQR: Interquartile Range, ref.: reference; RR: Rate Ratio

21




Region =+~ Southern =+~ Popes =+ Doges of Venice
1.001
0.751
>
E
[\
Q0
=
a 0.501
©
=
c
=
7]
0.251
0.001
0 10 20 30 40 50 60
Survival after age 40 (years)
Number at risk
- Southern{ 166 125 69 29 9 2 0
S
g) Popes{ 59 58 51 31 20 2 0
o Doges of Venice{ 67 66 64 59 25 2 0
0 10 20 30 40 50 60
Survival after age 40 (years)

Figure 2. Kaplan-Meier survival curves for rulers in the Southern region, as well as for

popes and Doges of Venice who reached the age of at least 40 years.
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After the exclusion of Popes and Doges of Venice, 863 European rulers were left.
A total of 190 were excluded because they died before the age of 40, resulting in a final
sample of 673 rulers from the four European regions: Northern (n=57), Eastern and
Central (n=76), Western (n=377), and Southern (n=166). A total of 582 rulers died of
natural causes, while 91 were recorded as violent death. The earliest born ruler in our
sample was Luigi Gonzaga, born in 1268, and the latest ruler added was Elizabeth II, who
passed away in 2022. The majority of the rulers in our sample were male (94%). We
observed significant differences in age of death of rulers among the regions, but age of
enthronement and duration of rule were similar across regions (Table 2). It is important
to note that based on our database there were 18 Southern rulers, who were potentially
assassinated by poison, meanwhile only 4 potential cases in the Central and Eastern
European region, 3 in the Northern, and 7 in the Western Region.

When examining our Cox regression models that included all study participants
between 1354 and 2022, we found that that hazards did not differ significantly among
geographic regions (Table 2), and these findings were supported by the Kaplan-Meier
curves (Fig. 4).
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Table 2. Descriptive data and Cox regression analysis for rulers who ate least reached the age of 40 years by region

Age of Cox regression
Participants Male Age of death* Duration of rule
Region %) %) (IO0R) enthronement (I0R) analysis
n n ears ears
’ ’ Y years (IQR) Y RR (95% CI)

Southern 166 (24.7) | 153 (92.2) | 57.00 (49.75-66.00) | 27.00 (18.00-37.25) | 27.00 (13.00-38.00) ref.
Western 377 (56.0) | 359(95.2) | 62.00 (53.00-71.00) | 29.00 (20.00—41.00) | 27.00 (16.50-39.00) | 0.86 (0.70-1.06)
Northern 54 (8.0) 51(94.4) | 62.00 (55.00-75.50) | 31.50(23.00-45.75) | 27.00 (15.00-37.00) | 0.73 (0.52-1.03)

Central and

76 (11.3) 72 (94.7) | 57.00 (49.00-66.00) | 31.50 (21.00-38.75) | 24.00 (13.00-37.00) 1.07 (0.77-1.46)

Eastern

Kruskal-Wallis tests were used to compare continuous variables among regions. Rate ratios and 95% Confidence Intervals were calculated

from Cox-regression models.

*p<0.05

Abbreviation: 95% CI: 95% Confidence Interval; IQR: Interquartile Range, ref.: reference; RR: Rate Ratio
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Figure 4. Kaplan-Meier survival curves for rulers who reached the age of at least 40 years

by regions between 1354-2022.
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When we stratified our analysis by the three time periods (1354—-1499, 1500-1749,
1750+), we found that age of rulers and age of enthronement were similar across regions
from 1354 to 1749 but differed significantly after 1750. Duration of rule was similar
across the three periods. Within the Western and Northern regions, age of rulers and age
of enthronement significantly increased over time, while they remained stable in the
Southern region and Central and Eastern European region. Duration of rule significantly
decreased over time in the Southern and Western regions but remained stable in the other
two regions (Table 3).

Our Cox regression analyses show that from 1354 to 1499, the Northern region had
significantly better survival compared to the Southern region (RR: 0.48; 95% CI: 0.28—
0.84). Between 1500 and 1749, the survival of rulers was overall similar. After 1750, the
Western (RR: 0.44; 95% CI: 0.28-0.68), Northern (RR: 0.39; 95% CI: 0.20-0.76), and
Central and Eastern European (RR: 0.52; 95% CI: 0.28-0.98) regions all exhibited better
survival than the Southern region (Table 4). These findings are supported by the Kaplan-
Meier curves (Figure 5-7).

When we examined each region separately, we found that survival of rulers in the
Southern region was stable over the three periods. In the Northern region, survival
initially declined between 1500 and 1749 and then increased, while in both the Western
and Central and Eastern European regions, survival increased prominently only after 1750

(Figure 8-11).
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Table 3. Descriptive statistics by EuroVoc regions through different periods

Region Age of death, years (IQR)
1354-1499 1500-1749 1750+ Heterogeneity p-value
Southern 56.00 (49.00-64.00) | 60.00 (50.00-68.00) | 58.00 (51.25-68.00) 0.399
Western 57.00 (50.00-66.50) | 60.00 (51.00-68.00) | 71.00 (65.50-79.50) <0.001
Northern 64.00 (58.00-77.50) | 55.50 (46.75-61.00) | 73.00 (60.00—88.00) 0.001
Central and Eastern 57.50 (50.25-61.50) | 54.50 (50.50-65.75) | 59.50 (47.25-77.00) 0.855

Heterogeneity p-value 0.013 0.191 <0.001
Region Age of enthronement, years (IQR)
1354-1499 1500-1749 1750+ Heterogeneity p-value
Southern 29.00 (18.00-38.50) | 25.00 (17.50-37.50) | 26.50 (19.25-37.25) 0.731
Western 25.00 (17.50-34.00) | 27.00 (18.00—42.00) | 40.00 (28.00—49.00) <0.001
Northern 30.00 (17.50-46.00) | 26.00 (17.00-31.25) | 45.00 (40.00-53.00) 0.003
Central and Eastern 23.00 (16.50-37.75) | 32.50(22.25-40.50) | 32.00 (22.50-38.50) 0.242
Heterogeneity p-value 0.377 0.530 <0.001
Region Duration of rule, years (IQR)
1354-1499 1500-1749 1750+ Heterogeneity p-value
Southern 29.00 (13.50-37.50) | 33.00 (17.00-43.00) | 18.50 (6.00-29.75) 0.006
Western 30.00 (21.00-39.00) | 29.00 (16.00-43.00) | 22.00 (12.50-33.00) 0.009
Northern 33.00 (14.00-39.50) | 23.00 (19.00-32.50) | 25.00 (15.00-35.00) 0.504
Central and Eastern 34.00 (19.50-40.00) | 23.00 (10.25-36.25) | 21.50 (11.50-26.00) 0.122
Heterogeneity p-value 0.381 0.338 0.373

Kruskal-Wallis tests were used to compare continuous variables among regions.

*p<0.05

Abbreviation: IQR: interquartile range
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Table 4: Result of the Cox regression models by different periods and regions

Cox regression

Participants Male analysis
Region n (%) n (%) RR (95% CI)
1354-1499
Southern 77 (29.3) 68 (88.3) ref.
Western 141 (53.6) 135 (95.7) 0.96 (0.70-1.31)
Northern 21 (8.0) 20(95.2) 0.48 (0.28—-0.84)*
Central and Eastern 24 (9.1) 24 (100) 0.83 (0.48-1.43)
1500-1749
Southern 53 (21.5) 51(96.2) ref.
Western 147 (59.8) 141 (95.9) 1.06 (0.75-1.49)
Northern 18 (7.3) 16 (88.9) 1.45 (0.77-2.72)
Central and Eastern 28 (11.4) 24 (85.7) 1.53 (0.94-2.51)
1750+
Southern 36 (22.0) 34 (94.4) ref.
Western 89 (54.3) 83 (93.3) 0.44 (0.28-0.68)*
Northern 15(9.1) 15 (100) 0.39 (0.20-0.76)*
Central and Eastern 24 (14.6) 24 (100) 0.52 (0.28-0.98)*

Rate ratios and 95% confidence intervals were calculated from Cox-regression models.,

*p<0.05

Abbreviation: 95% CI: 95% Confidence Interval; IQR: Interquartile Range, ref.: reference; RR: Rate

Ratio
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Figure 5. Comparison of Kaplan-Meier survival curves for rulers who reached the age

of at least 40 years by regions between 1354—-1499
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Figure 6. Comparison of Kaplan-Meier survival curves for rulers who reached the age

of at least 40 years by regions between 1500—1749
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Figure 7. Comparison of Kaplan-Meier survival curves for rulers who reached the age

of at least 40 years by regions between 1750-2022
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Figure 8. Changes in survival rates for the Southern European region over three distinct
(1354-1499, 1500-1749, and 1750-2022) time periods for rulers who reached the age of
at least 40 years
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Figure 9. Changes in survival rates for the Western European region over three distinct
time periods (1354-1499, 1500—-1749, and 1750-2022) for rulers who reached the age of
at least 40 years
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Figure 10. Changes in survival rates for the Northern region over three distinct time
periods (1354-1499, 15001749, and 1750-2022) for rulers who reached the age of at
least 40 years
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Figure 11. Changes in survival rates for the Central and Eastern European region over
three distinct time periods (1354-1499, 1500-1749, and 1750-2022) for rulers who
reached the age of at least 40 years
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4.2 Secondary analysis: Comparing the survival of rulers and monks

In our secondary analysis, we included a total of 883 Benedictine Monks born in
different parts of the historic Hungary but died in relatively fewer locations associated

with the order's activities (Figure 12) between 1728-1850.

Nagyszombat
%
Pozsony " Gysr
Sopron * *;Pannonhalma
'Dﬁmﬁlk* z Bakonybél
Tihany

Figure 12. The most common places of death place of the Hungarian Benedictine monks
born between 1728-1850 in our database. (The city names are indicated using the
Hungarian names from the analyzed period. In present days: Pozsony is Bratislava,

Nagyszombat is Trnava.)

After the exclusion of monks who left the order and did not reach the age of at
least 40 years, 318 monks were left along with 34 Southern European rulers and 21
Central and Eastern European rulers. (Table 5). The ages of the three groups were similar
and did not differ statistically. Our Cox regression analysis of Hungarian and Benedictine
monks reveals that compared to monks, Southern rulers had a significantly worse survival
(RR: 1.50, 95% CI:1.02-2.20), while survival was similar for Central and Eastern
European rulers. The Kaplan Meier curves further support these findings (Figure 13).
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Table 5. Descriptive characteristics and results of Cox regression analysis for the comparison of monks and rulers

Group Participants Age of death Cox regression analysis
n (%) years (IQR) RR (95% CI)
Hungarian Benedictine monks 318 (85.3) 64.00 (56.00-70.00) ref.
Southern European rulers 34 (9.1) 66.00 (56.00-74.25) 1.50 (1.02-2.20)*
Central and Eastern European rulers 21 (5.6) 63.50 (54.50-73.25) 0.99 (0.63—1.56)

Kruskal-Wallis tests were used to compare continuous variables among regions. Rate ratios and 95% Confidence Intervals
were calculated from Cox-regression models.

*p<0.05

Abbreviation: 95% CI: 95% Confidence Interval; IQR: Interquartile Range, ref.: reference; RR: Rate Ratio
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Figure 13. Kaplan-Meier survival curves for rulers in the Southern region, as well as for
the Central and Eastern European rulers for rulers and monks who at least reached the

age of 40 years.
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5 Discussion
5.1 Primary analysis: Rulers of Europe and tendencies of longevity

The results of our primary analysis concerning the longevity of European rulers
indicate that overall rulers exhibited similar survival irrespectively of their geographic
regions. This, however, can be misleading, as life expectancy changed significantly from
1354 to 2022. This is why dividing this period into shorter time periods was reasonable.
In the first analyzed time period (1354-1499), the Southern region was similar in terms
of lifespan to the other regions with the exception of the Northern region, whose rulers
exhibited significantly better lifespans than the south. In the second period (1500-1749),
the survival rates were overall similar, suggesting that the longevity of rulers across
Europe became more evenly distributed up until the third examined period. After 1750,
all regions showed significantly better survival rates compared to rulers in the Southern
regions. These differences in survival may be explained most probably by healthcare
improvements, nutrition, and socio-economic and cultural factors. Thus, in the upcoming
sections we will examine the possible role of these factors in shaping the longevity of

rulers with a special emphasis on diet.

5.1.1 During the late Medieval Ages (1354-1499)

During the first time period (1354-1499), the Northern region exhibited a
significantly better survival compared to the Southern region. One potential reason for
this could be that Nordic countries were possibly less involved in military activities
compared to other regions during this period. The lower frequency of conflicts and greater
economic stability, exemplified by events such as the foundation of the Kalmar Union in
1397, contributed to this stability and could potentially explain the better survival rates
observed in the Northern region (94, 95). Another possible factor that may have
contributed to the better survival of rulers in the Northern region is the absence of malaria
in this region, since malaria is not endemic beyond the summer isothermic line of +15.5
degrees Celsius (96, 97), which is corroborated by our results, as only rulers from the
Southern and Western regions were documented to have died from malaria during this
period. Another factor may be related to the Black Death, since the Scandinavian region

experienced one of the highest estimated overall mortality rates in Europe due to Black
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Death, according to Remi Jedwab and his colleagues (98), which led to a drastic decrease
in population size that consecutively led to a relative prosperity and an increase in food
availability in the following years (43). Be as it may, it is improbable that this directly
affected the survival of the rulers in this region, as they consistently had access to food

regardless of the prosperity of the general population.

5.1.2 The age of exploration and geographic discoveries (1500-1749)

The survival rates across different regions became similar during the Age of
Discoveries between 1500 to 1749. The advantage previously held by Northern rulers
vanished during this period. Several factors could explain this, including shifts in dietary
habits, geopolitical changes, conflicts, and weather conditions. For instance, the Nordic
countries were involved in more conflicts than before, which could have negatively
impacted their economy, especially after the dissolution of the Kalmar Union in 1523
(94). The Thirty Years' War (1618 — 1648) also profoundly affected Europe, leading to
significant loss of life, extensive destruction of property, and boosted hard drinks and
tobacco consumption (99). Additionally, the Little Ice Age, spanning from the mid-16th
to the mid-19th century, brought colder temperatures across the Northern Hemisphere
(100). As a result, famine struck in Finland, leading to the death of approximately one-
quarter to one-third of its population between 1696 and 1697 (43, 101).

During the second time period (1500-1749), there were notable changes in
culinary practices too, however feasts still continued to serve as symbols of power and
opportunities for diplomacy. For example, Cristofor da Messisbugo, steward of the Duke
of Ferrara in the 16" century, recorded the four courses served at a banquet hosted by the
Este family in Ferrara in 1529 (102). The menu featured a diverse array of meats, pastries,
fruits, and spices, including different types of fish, whole meats, sausages, salamis, ham,

small pastries, as well as assorted blancmanges, fritters, and salads, all in vast amounts

(102).

5.1.3 The life since the Industrial Revolution (1750-2022)

The third analyzed period showed a noticeable trend of rising life expectancy

among rulers in Northern and Western regions after 1750, whereas the Southern region

40



did not experience a comparable increase in longevity. In contrast to what we initially
hypothesized, our study revealed that rulers from regions, where the Mediterranean diet
was common, did not exhibit longer lifespans compared to those from other regions. The
reasons for this are likely complex and may be related to the complicated interaction of
diet, lifestyle, politics, and socio-economic factors. The significant rise in the lifespan of
rulers in Northern and Western regions after 1750 are particularly remarkable. During
this period, the Industrial Revolution started in Great Britain and introduced numerous
technological advancements that significantly enhanced the economy and quality of life
across many regions (103). The Southern region also experienced the new achievements
of the Industrial Revolution, especially in sea transportation and seaport infrastructures,
thus these areas (and other areas that were connected to these zones by railroads)
experienced relative prosperity and development (104). Conversely, internal parts of the
countries were lagging behind, which may have negatively impacted health, economy,
and quality of life (105).

After 1750, there were also notable advancements in the field of medicine and
public health. Transformation in hygiene was also significant, especially in terms of
personal hygiene, piped drinking water availability, sewage systems, and food hygiene.
Edward Jenner's discovery of smallpox vaccination in 1796 represented a significant
breakthrough in the prevention of infectious diseases (49). The introduction of general
anesthesia in 1846 transformed surgery and enabled the performance of complex surgical
procedures (106). Moreover, Louis Pasteur's microbiological discoveries in the late
nineteenth century laid the foundation for later development of antibiotics, which saved
numerous lives (107). Throughout the eighteenth and nineteenth centuries, Western
countries such as the predecessors of modern France and Germany, the Habsburg Empire,
and the United Kingdom were at the forefront of these advancement and their populations
may have profited first in terms of life expectancy. The medical progress in these
geographic areas could have also extended the lifespans of rulers in these areas, as
enhanced medical knowledge and practices likely improved healthcare for rulers in these
societies.

Another element which is important to note among the possible reasons of the
lower lifespan of rulers in the Southern Region is the higher prevalence of criminal

poisonings (108). There is a long history and tradition of poisonings in this region, dating
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back to the Roman Empire (27 BC — AD 476) (109-111). In the early 18th century,
arsenic-based poisoning became known in Italy, with Aqua Tofana being the most
infamous poison in the region (110). The core component of this poison was arsenic
which was also used as a medicine. As a poison, it could be used for both acute and
chronic criminal poisonings. Acute poisoning could have been mistaken for hyperacute
bacterial gastroenteritis (112) at the time, while chronic poisoning resulted in slow,
gradual death that was difficult to recognize. Additionally, arsenic was cheap, widely
available, and, most importantly, untraceably at that time (110, 113, 114). Consequently,
it became a popular tool for those looking to influence fate in favor of the poisoners and
their clients. Since in the South there were more cases of poisoning compared to other
regions, it is plausible that some deaths in the Southern region were mistaken for natural
death, and decreased objectively the overall lifespan in this geographic area (89).
Another possible factor that may explain the lower survival of rulers in the
Southern region may be linked to plague outbreaks, as this could both directly and
indirectly have an impact on the survival of rulers by affecting the food availability,
quality, and the overall quality of life (43). The Italian historian Guido Alfani claims that
the Italian peninsula was more affected by infectious diseases than other regions in the
seventeenth century (115), which could have been mainly due to their exposure to sea
trade with the Eastern Mediterranean and warmer climate. However, over time, the
number of outbreaks decreased in Europe and quarantine measures played a crucial role
in controlling these plague outbreaks (115, 116). This most probably increased the
lifespan of the general population, but may not have affected the nobility as much, since
they frequently sought refuge in their more private countryside properties in time of

pestilence (117).
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5.2 Secondary analysis: Survival and lifestyle of Hungarian Benedictine monks

Our results from our secondary analysis in which we compared the survival of
Hungarian Benedictine Monks with that of Southern European and Central and Eastern
European rulers between the 18™ and 19 century, indicate that Benedictine monks in
Hungary also had a significantly better survival than Southern European rulers. Their
survival was very similar to that of Central and Eastern European rulers. This is somewhat
surprising but can probably be explained by the rigorous yet healthy lifestyle of this
monastic order.

The Benedict Order is one of the oldest catholic monk orders (118). St. Benedict’s
(480-547) rules offer guidance for the monastic life (118). The daily routine of Hungarian
Benedict monks is displayed in Table 6. (81). This schedule was followed in Bakonybél,
but it is not unique to this monastery, since it is based on St. Benedict's Rule that were
also followed by other monasteries in the Benedictine Order throughout Europe (118).

St. Benedict’s rules prescribe moderation in all parts of life, for instance alcohol
consumption and diet, only two meals a day, work intensity, fasting periods, and religious
events (118). As for religious fasting (118), this could have also been an important factor
contributing to healthy longevity of monks, as studies indicate that intermittent fasting
has a positive impact on health and longevity (119). Other explanations may be that
monks were relatively more protected from physical assault and war, they led a lifestyle
defined by moderation in their diet and performed physical activity regularly in the form
of work around the monastery. Benedictine monks may have also had better mental
health, as certain studies show that religion and spirituality are connected to improved
mental health mediated through religious coping strategies, sense of community, mutual
support, and positive beliefs (120). These, however, are only a hypothesis and further
research is needed to better elucidate the reason of the relatively higher lifespan of this

specific population.
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Table 6. A regular day of a benedict monk in Bakonybél Monastery, Hungary in the 2™
half of the 18" century.

Activity Time

Awakening 3:45

Matutinum and Laudes (praying) 4:00
Contemplation 5:30

Prima and Martyrologium and Penance (spiritual practices) 6:00
Terce, Sext, Nones, Convent Mass (prayers) 7:00

Work then later lunch, which was followed by recreation 8:00
Evening prayers and practices 14:00
Compline and Lectio Divina - Spiritual practices, Dinner 17:00
Silentium and going to bed 20:00

5.3 Limitations

5.3.1 Limitations of the rulers’ dataset

One of the major challenges of our study concerning the lifespan of rulers is the
inability to eliminate properly the impact of immortal time bias. We considered age as
the underlying time and included only crowned rulers implying that they were effectively
immortal until their time of coronation. Immortal time bias (121) is a type of bias that
occurs in observational studies, when there is a period of time during which the outcome
of interest (e.g., death) cannot happen. This “immortal” time is incorrectly included in the
analysis in a way that may distort the true association between an exposure and the

outcome. Thus, rulers crowned later in life had a clear advantage over those crowned at
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younger ages, as they had already lived longer and were more likely to reach an older
age. Another limitation is the arbitrary categorization of Europe into larger geographic
regions that do not necessarily reflect uniform cuisines. Cuisines could vary between
countries within the same region, potentially affecting our results. Another limiting factor
is the accuracy of historical records, which could lead to possible misclassifications of
the cause of death. Additional limitation is the lack of access to potential confounding
factors that can also significantly affect lifespan, such as smoking, alcohol consumption,
diseases, or differences in dietary habits during upbringing that may have also influenced
later eating habits of an individual. Furthermore, we did not account for genetic
relationships either, which may also have significantly influenced longevity, especially
in case of dynastic intermarriages, frequent relocations, and consanguineous marriages,
especially prevalent among the Habsburg dynasty and a key reason for the extinction of
the Spanish line (122). Finally, from a statistical perspective, the Central and Eastern
region and the Northern region had less rulers too, which led to challenges related to

statistical power.

5.3.2 Limitations of the monks’ datasets

One major limitation of our analysis regarding the life expectancy of monks is that
we had no information on the cause of their death. Moreover, we also do not know the
exact lifestyle of each individual and to which extent he respected the rules of St.
Benedict. This is also true for the examined monasteries, as they may have exhibited
heterogeneity in their daily activities and cuisine. Another limiting factor is the overall
low number of rulers compared to the monks in the secondary analysis, which may have

also led to low statistical power as mentioned before.
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6 Conclusions
6.1 Main conclusion

In conclusion, our study highlights the complex relationship between geographic
location, period, and lifespan of European rulers. Results of our study indicate that the
lifespan of Southern European rulers was not longer than that of rulers in other regions.
In fact, after 1750, the lifespan of Southern rulers was even lower than the lifespan of
other rulers, especially compared to the rulers in the Northern regions.

While the Mediterranean diet is coupled frequently with health advantages, our
results suggest that it in itself does not necessarily explain the variations in ruler longevity
across different regions. It is also important to consider that rulers in Southern Europe
might not have adhered to the Mediterranean diet, and they led a physically less active
lifestyle, as common people. This is also corroborated by the diet of Benedictine monks
who not only followed a rigorous diet consisting of fish, beans, lentils, peas, prunes,
strawberries, oats, wheat, and sigh in moderation — similarly to the Mediterranean diet —
but also performed physical activity regularly, which may explain why their lifespan was
on par with the ruling classes of the same region.

Overall, our results point in the direction that the cuisine and lifestyle of the courts
may have been more alike than distinct from one another (76, 77). Rulers across Europe
had access to a wide variety of foods in plentiful amounts consistently, therefore the
dietary habits of the Southern elite may not have been representative of the Mediterranean
diet. Additional factors, such as protection against infectious diseases and physical
assault, economic security, and access to the best possible healthcare of a given era, could
have also played a pivotal role in the differences observed in the survival of the European

elite. These elements might have offset the effect of any regional dietary differences.

6.2 New findings

1. We conducted an analysis of European rulers over a long historical period
(approximately 8 centuries) with a relatively large sample size. Based on our
results we were not able to observe a higher lifespan of rulers of the Southern
European region despite that this would otherwise be expected in the

Mediterranean region. Overall, the survival of rulers in different geographic areas
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was similar, indicating that rulers across Europe lived a similarly protected life in
wealth and relative safety. One explanation for the similarity is that most activities
of the rulers were considered public, or even international events. Therefore, in
the competitive hierarchy of power among the monarchies, factors such as the
quality and quantity of banquets were also decisive. This could have been one of
the main factors contributing to the development of these similarities

When we divided our analysis into three distinct periods, we found that the
lifespan of Southern rulers was sometimes significantly lower compared to other
European regions. In our opinion, this may have been caused by several factors,
for instance more common occurrence of outbreaks and criminal poisonings in
this area, slower spread of the industrial revolution and some medical discoveries
that arrived later to the Southern region, and warmer climate that may have
favored the spread of infectious diseases in this area. In contrast to the Southern
region, rulers of the Northern regions, especially between 1354—-1499, performed
better in terms of survival, which may partially be explained by the socioeconomic
stability and lack of geopolitical conflicts observed in the area.

We also collected data about the survival of Hungarian Benedictine monks
between the 18™ and 19™ century. Results about their survival and the comparison
to the rulers’ survival, was not published before, making our results unique in this
area. Our results show that the survival of Central and Eastern European
Benedictine monks was on par with the survival of rulers in Central and Eastern
Europe and was significantly better than the lifespan of Southern rulers. In our
opinion, this may be partially explained by their rigorous diet, regular physical
activity, better mental health along with the more protected dwelling and safer and

more closed living conditions of monks.
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7 Summary

Life expectancy is not only different between specific regions in Europe, but it was
also changing throughout history. In this work, I aimed to investigate the changes and
differences of lifespan using well-defined historic groups of people, namely rulers and
Benedictine monks.

My primary objective was to compare the survival of European rulers divided into
different geographic areas with a special emphasis on the possible role of dietary
differences. Rulers represent a rather homogenous group of individuals who had access
to the best possible quality and quantity of food, best healthcare services, and led a life
where starvation, lack of hygiene, plagues, and wars affected them less than their subjects.
Overall, I found that the survival of rulers across different geographic regions was similar,
indicating that rulers were more likely to have led a similar lifestyle. They were protected
from infectious diseases and war, they consumed foods rich in protein and fat, consumed
alcohol in excess, and were also mostly physically inactive. The Mediterranean diet, as it
is known today, was not primarily preferred by the ruling classes. When we divided our
time intervals into shorter periods, we often found that the survival of Southern rulers was
lower than other regions. Although we do not know the exact causes behind this
phenomenon, possible explanations may reside in the more common occurrence of
plagues and criminal poisonings in the ruling classes in this area along with the delayed
appearance of benefits of the industrial revolution and medical discoveries.

My secondary objective was to examine the lifespan of Benedictine monks and
compare them to the lifespan of Central and Eastern European and Southern European
rulers. Our results indicate that Benedictine monks lived longer than Southern European
rulers and their lifespan was comparable to the survival of Central and Eastern European
rulers. Monks, similarly to rulers, were a relatively well-protected group of people who
practiced lifestyles beneficial to their physical and mental health alike. They worked
regularly, prayed daily, and consumed healthy foods in moderation. This may partially
explain why their survival was on par with the ruling classes.

The results published in this thesis can serve as a valuable tool for understanding the
impact of the Mediterranean diet and geographical location on longevity from a historical
perspective. It also brings us closer to understanding past longevity data, despite the

challenges of collecting historical data.
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