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This study challenges historical paradigms using a large-scale integrated bioarchaeological approach,
focusing on the female experience over the last 2,000 years in Milan, Italy. Specifically, 492 skeletons
from the osteological collection of Milan were used to elucidate female survivorship and mortality

by integrating bioarchaeological and paleopathological data, paleoepidemiological analyses, and
historical contextualization. Findings revealed changes in female longevity, with a notable increase
from Roman to contemporary eras, albeit plateauing in the Middle Ages/modern period. Significant
sex-specific differences in mortality risk and survivorship were observed: females had higher mortality
risk and lower survivorship in the Roman (first-fifth century AD) and Modern (16th-18th century

AD) eras, but this trend reversed in the contemporary period (19th-20th century AD). Cultural and
social factors negatively impacted female mortality in Roman and modern Milan, while others
buffered it during the Middle Ages (sixth-15th century AD). This study underscored the importance of
bioarchaeological inquiries in reconstructing the past, providing answers that may challenge historical
assumptions and shedding light on how the interplay of cultural, social, and biological factors shaped
the female experience across millennia.

Historical, archaeological, and iconographic sources constitute our main source of knowledge relating to the
past, the foundation on which our understanding of history is built. Yet, this source is not without its biases and
limitations. One of these is that women are much less prevalent in (and authoring) written sources than men, thus
skewing the narrative. This may in part be explained by the fact that many such documents are public sources and
account for historical and political events from which women were mostly excluded'-*. Overall, women’s topics
in history show a common overemphasis on their domestic roles without placing women’s activities in broader
economic, cultural, or political contexts**. With global feminist movements in the 1970’, scholarly interest in
women’s history shortly followed in fields like history, archaeology, and anthropology®*>. Following in their
footsteps, the contemporary historiographical debate has started to introduce the economic and social role of
women as well as their contribution in productive and commercial activities'®** slowly overcoming recounts of
women focused on gender stereotypical roles and starting to shed light on women’s living experiences and their
activity. However, written sources are not the only source of information related to the past: indeed, material
culture can help overcome the limitations of written sources and uniquely complete them. One of such materials
are human remains, which constitute biological testimonies of past experiences.

Bioarchaeology is an interdisciplinary field of study centered around the analysis of human remains for a
better understanding of human variation, activity, behavior, health, and disease?>?’. Difficult living conditions,
malnutrition, pathological conditions, physical violence, physiological and mechanical stress can be embodied
in the skeleton. Indeed, skeletal remains are plastic and adaptable to an individual’s environment and lifestyle.
Embodiment theory in bioarchaeology postulates that the skeleton represents the biological adaptation to social,
cultural, and environmental factors, and as such, its specific conformation and properties are the result of a
lived experience, thus linking the biological body and the social, ecological, and cultural world it engaged®. As
Schrader and Torres-Rouff (2020, p. 15) explained “Using an embodiment framework, human remains can be
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viewed as experiential, social, and agentive, allowing a wealth of interpretive lenses that were previously inac-
cessible concerning identity, intimacy, and the experience of the archaeological past”?. The interdisciplinary
examination of the skeletal remains of the people who directly lived and experienced the past within their his-
torical and archaeological context adds biocultural testimonies of life histories and experiences to the historical
narrative and thus allows for a more complete reconstruction of the past.

In this perspective, the present study engages with historical phenomena at multiple scales of analysis within
the bioarchaeological field, while focusing on a particular aspect of our history: the female experience. Spe-
cifically, the aim of this paper is to examine female survivorship and mortality from a sample of 492 skeletons
(females and males) of the osteological collection of Milan to better understand how the living condition of
women evolved over the last 2,000 years in Milan (Italy) in an approach that integrates paleopathological data,
paleoepidemiological analyses, and historical interpretation and contextualization.

Methods

A total of 492 skeletons were selected for this study from the Collezione Antropologica LABANOF (CAL) or
Anthropological Collection of the Laboratory of Forensic Anthropology and Odontology (LABANOF), housed
at the University of Milan (Italy)®. Although this study focuses on women, it cannot be undertaken without also
considering men, as it would create biases in the analysis of the data and prevent a comprehensive understanding
of the trends observed. Inclusion of a male group in the sample allows to better contextualize systemic events
and evidence gender-related differences, which is why the sample is almost equally distributed between sexes
(253 females and 239 males).

The skeletons were randomly selected while respecting one main criterion: maturation of the pelvis should
be sufficient (i.e., fusion of ilium, ischium, and pubis in the innominate) to allow for a reliable sex estimation.
This sample size is the result of various studies in the project led by one of the authors on the investigation of
the female condition in Milan from the analysis of their skeletal remains®**. The skeletons originated from
eight archaeological sites in Milan (Figs. 1, 2): the excavation below the current Universita Cattolica dated to
the Roman era (second-fifth century AD)*; the scientific excavation of the Ambrosian basilica of San Dionigi
(fifth century AD)?*; the M4 underground metropolitan line vertical excavations at the SantAmbrogio Basilica
(with stratigraphic units spanning from the Roman era—first and second century AD, to the Late Middle Ages
-15thcentury AD)*® and San Vittore (with phases of burials from the Roman era—third-fourth century AD, to
the Modern age—16th and 17th century AD); the vertical excavation of Via Necchi spanning from the Roman
era to the Late Middle Ages; the mass grave burials probably due to the Manzoni plague (middle of the 17th
century AD) from Viale Sabotino®; the remains of the deceased patients of the Ca’ Granda hospital (17th century
AD)*; and the CAL Milano Cemetery Skeletal Collection, a modern and documented osteological collection
constituted of unclaimed cemetery individuals who died in the second half of the twentieth century, in accord-
ance with Italian law?. All of the skeletons come from urban archaeological sites in Milan and were dated based
on stratigraphy, material culture, and radiocarbon dating, and attributed to one of the following time periods:
Roman Era (first-fifth century AD), Early Middle Ages (sixth-tenth century AD), Late Middle Ages (11th-15th

Ca’ Granda

Fig. 1. Map of the different archeological sites selected in Milan. Colors change according to historical period:
red=Roman era, blue = Early Middle Ages, green=Late Middle Ages, purple=Modern era; contemporary
cemeteries from the CAL Milano Cemetery Skeletal Collection are located further away from the city center.
City walls per historical period are also shown. Figure generated by the authors and Lucrezia Rodella using
QGIS 3.28 Firenze https://www.qgis.org and Adobe Photoshop 22.1.0 https://www.adobe.com/creativecloud/
plans.html
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Fig. 2. Details on the study sample: on the right, female individuals; on the left, male individuals; in the center,
archaeological sites.

century AD), Modern Era (16th-18th century AD) and Contemporary Era (19th-20th century AD). Archaeo-
logical analyses of the topography of the necropolises, associated cultural material, and structure of the burials
suggest that the individuals of the present study belonged to the poor/middle classes of the Milanese society. This
setting allows for a homogenous diachronic analysis. Indeed, the urban location of the necropolises offers a rela-
tively homogenous and historically referenced geographic and environmental context, and social and economic
disparities are limited by the similar socioeconomic background of the individuals of the study.

Bioarchaeological analyses included estimations of biological sex, age-at-death, stature, as well as pathologi-
cal and traumatic analysis. Biological sex was estimated using dimorphic morphological traits of the pelvis and
cranium®-* as well as metric analysis*’. Age-at-death was estimated on the basis of dental eruption*, epiphyseal
fusion®, and degenerative changes at the pubic symphysis*, auricular surface*”*® and acetabulum®, first rib*,
and sternal end of the fourth rib®'. The age estimates were then classified into the following age categories: 16-20,
21-30, 31-45, 46-60, 61-80, and > 80 years.

Statistical analyses

To determine whether males and females faced similar risks of dying, and whether those risks differed over time,
sex was modeled as a covariate affecting the Gompertz hazard model within each time period. The Gompertz
model is a two-parameter biomathematical hazard model of mortality that reflects the age-related physiological
processes that influence mortality>*~>*. The mortality function® fits the general pattern of mortality among adults,
with relatively low risks of mortality at earlier adult ages and increasing risks of death with senescence (Wood
et al., 2002). Importantly, hazard models that have relatively few parameters can be informatively applied to the
small sample sizes that are typical of bioarchaeological and paleopathological studies™, as they accommodate
missing data without imposing any particular pattern on the existing data. In this study, sex was modeled as a
covariate affecting the Gompertz model using a proportional hazard specification:

hi(ti|xip) = h(t;)e®i”

where the baseline Gompertz hazard h(t) = ael, t, is the age of the skeleton in years, x; is the sex covariate, and
p is the parameter representing the effect of the covariate on the baseline hazard. Model parameters were esti-
mated using maximum likelihood analysis with the program mle*’. In the Gompertz hazards analyses with the
sex covariate, a positive estimate for the parameter representing the effect of the sex covariate would suggest that
males were at an increased risk of death compared to females, whereas a negative estimate would suggest males
were at decreased risk of death. A likelihood ratio test (LRT) was used to assess the fit of the full model (i.e., the
version of the model that includes the sex covariate) compared to the baseline model (i.e., the version of the
model that does not include the sex covariate). The LRT tests the null hypothesis that sex had no effect on risk
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of mortality (H,: effect of sex covariate =0). The LRT was computed as follows: LRT = -2[In(L,,,) — In(Lpaseiine) >
where LRT approximates a x? distribution with df=1.

In addition to the Gompertz hazards analyses, the effect of sex on survivorship within each time period
was assessed using Kaplan—Meier survival analysis with SPSS version 29. A log rank test was used to identify
significant differences in survivorship between males and females within each time period. In these analyses, we
selected a priori an alpha of less than 0.1 as indicative of a trend.

Results

The results of Gompertz hazard analyses of the effect of sex on risk of death in each time period are shown in
Table 1. In the contemporary sample, the estimated value of the parameter representing the effect of sex is posi-
tive, the corresponding 95% confidence interval includes only positive values, and the results of the likelihood
ratio test (LRT) indicate that inclusion of the covariate significantly improves the fit of the model. Although not
meeting the traditional standard for statistical significance (p <0.05), the results of the likelihood ratio tests for
the Roman and modern periods are approaching significance (p <0.1), the estimated value of the parameter
representing the effect of sex is negative in both cases, and the upper bounds of the associated 95% confidence
intervals only marginally exceed zero. Consequently, the authors consider the results for the Roman and modern
periods to be indicative of a trend. Overall, the results suggest that, in the Roman and Modern samples, males
were at decreased risk of death when compared to their female counterparts. In the Early and Late Middle Ages,
sex did not significantly influence risk of death. In contrast, in the Contemporary sample, the results suggest
that males were at increased risk of death compared to females.

The results of Kaplan-Meier survival analysis and their corresponding survival curves are presented in Table 2
and Fig. 3. Statistically significant differences in survivorship between estimated males and estimated females
were found in the Roman, Modern, and Contemporary periods, but not the Early and Late Middle Ages. Specifi-
cally, males survived longer than females in the Roman and Modern periods, but females survived longer than
males in the Contemporary period.

Discussion
The study employed paleoepidemiological analyses to examine the effects of sex on adult survivorship and
mortality risk across all time periods as well as per time periods, in order to better understand female mortality
and experience in Milan over the last 2,000 years.

Gompertz and Kaplan-Meier analyses showed that women faced higher risks of death and died at younger
ages with respect to men in the Roman and modern periods. Although p-values were above 0.05 for the hazard
analysis results, they were so close to significance (p <0.1) that we argue they are still indicative of a trend and

Period n Sex covariate (95% CI) LRT p value
Roman 85 -0.416 (-0.978-0.058) 3.612 0.057*
Early Middle Ages 73 0.084 (-0.487-0.564) 0.129 0.719
Late Middle Ages 106 0.015 (-0.441-0.411) 0.006 0.938
Modern 84 -0.387 (-0.907-0.055) 3.082 0.079*
Contemporary 87 0.578 (0.024-1.046) 6.869 0.009

Table 1. Results of the Gompertz hazard analyses showing maximum likelihood estimates of the effect of the
sex covariate (with 95% confidence intervals) and likelihood ratio tests of H,. Effect of sex covariate=0 (bold:
p<0.05 *: p<0.1).

Period n Sex Mean age-at-death (95% CI) | p value

Female |36.57 (32.52-40.63)
Roman 85 0.025
Male 43.97 (39.81-48.14)

Female |40.31 (36.06-44.55)
Early Middle Ages | 73 0.600
Male 38.40 (33.96-42.85)
Female | 39.72 (35.49-43.95)
Late Middle Ages 106 0.873
Male 39.73 (36.00-43.46
Female | 37.80 (33.24-42.36

)
)
Male | 44.57 (40.24-48.89)
)
)

Modern 84 0.039

Female |68.92(63.92-72.37
Male 56.49 (50.76-62.21

Contemporary 87 0.001

Table 2. Results of Kaplan-Meier survival analysis, showing mean survival times (mean ages-at-death) in
years (with 95% confidence intervals). Significance (p values) shown for pairwise comparisons (log rank test)
between females and males within each period (bold: p <0.05).
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Fig. 3. Kaplan-Meier survival curves for the males and female samples for each time period.

worthy of discussion. Moreover, the definitive results obtained in the Kaplan-Meier analyses lend support to
the significance of the Gompertz results. In post-Black Death medieval London, hazard analyses showed a lower
risk of death for males®®*, consistent with our results for the modern period. Dissimilarly from our study, some
authors®¢! found a higher risk of mortality for males in Roman Britain which they attributed mainly to bio-
logical differences between sexes, including enhanced female immune response, increased male environmental
sensitivity, and genetic differences in disease prevalence and severity (especially infectious diseases) between
sexes. Similarly, Speal®? found lower survivorship and higher risk of death for males in his Eastern European
Roman sample.

The trend previously described was not observed in the Early and Late Middle Ages, with no statistically
significant difference between male and female risks of death or survivorship in our sample. Several other
studies found no sex differences in risk of death in the Late Middle Ages ***%*. However, Mangas-Carrasco
and Lopez-Costas® described higher ages-at-death for males in medieval Spain, though their sample size was
small (94 adults), and Fojas % observed lower survivorship for females in Mississipian Tenessee, which they
attributed mainly to maternal mortality. Blondiaux et al.*’, similarly suggested maternal mortality as a cause for
the decline in female survivorship relative to males in their French sample spanning from Late Antiquity to the
Late Middle Ages.

In our contemporary sample, we attested a reversal of the trend, with females facing lower risks of death and
dying at older ages with respect to males, which is consistent with previous studies®® and current data on sex
differences in lifespan®.

Mean ages-at-death (Table 2) showed an overall increase in female longevity from Roman to contemporary
times, with a plateau in the Middle Ages/modern era. This result was observed in many studies®®*’°~72, though
DeWitte’>”* noted a reduction in survivorship in pre-Black Death London, which was not observed in our sam-
ple. Conversely, the male sample showed first a decrease in mean age-at-death from Roman times to the Early
Middle Ages, which slightly recovered in the late medieval period, decreased again to its lowest value in the
modern era, and then drastically spiked in contemporary times. Yaussy et al.”” and DeWitte”? found an increase
in adult longevity in industrialized London (corresponding to our modern period), which may be attributed
to improvements in diet and standard of living in the late 18th and early 19th centuries or selective mortality
among infants and children in the 18th century producing a cohort of immunologically robust adults in the
succeeding decades.

The results obtained in the present study indicate the presence of a cultural factor negatively affecting female
longevity and putting them at increased risk of death in the Roman and modern periods. One hypothesis that
may account for these results is the effect of maternal mortality. This is well documented in Roman historical
(Cicerone, Epistulae ad familiars, VI, 18,2; Plinio il Giovane, Epistulae, IV, 21; Plutarco, Vita di Silla, 33) and
epigraphical sources (CIL IIT 3572; CIL III 2267)>7¢. Indeed, pregnancy and childbirth are events of increased
mortality risk for women, especially when lacking access to modern medicine. Indeed, according to the World
Health Organization””, maternal mortality is still so high worldwide that it was estimated that a maternal death
occurred almost every two minutes in 2020. As a consequence, maternal mortality may contribute to decreased
female survivorship®. However, this does not explain why this trend of higher female risk and lower survivor-
ship with respect to males is not also observed in the two periods of the Middle Ages, when medical knowledge
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and techniques around childbirth did not substantially change. We hypothesize that other factors may have
influenced their survival and mortality.

Throughout the Middle Ages, and despite experiencing a partial depopulation, the city of Milan maintained
a prominent municipal and institutional presence’®-%. It also preserved its political, religious, and cultural
functions alongside its economic and commercial activities. The propagation of Christianity and Catholicism
influenced the development of a compassionate attitude and consequent support for the impoverished across
Christendom. This compassion was evident even in the waning years of the Roman Empire, exemplified by the
actions of Saint Ambrose (340-397 AD), who upon becoming bishop of Milan in 374, donated all his belongings
to the poor and continued to advocate for their support throughout his episcopate. The concern for the lower
classes was also reflected in the laws of Lombard kings and the Carolingians. In the eighth and 13th centuries,
two texts, the anonymous “Versum de Medioelano civitate” (739 AD) and “De magnalibus Mediolani” by Friar
Bonvesin da la Riva (1288 AD), depicted Milan as a city actively aiding the destitute®!. Despite its panegyric
nature, the Versum highlighted Milanese hospitality and assistance to the poor, stating that “the naked are
abundantly clothed there; the poor and the Romish are satiated”. In the 11th century, Archbishop Aribert of
Intimiano reiterated the importance of supporting the poor®2. Though fewer in number compared to the Roman
Empire, the poor found support through secular, ecclesiastical, and private institutions®>. As highlighted in the
recent historiographical synthesis by Albini*’, which provides all relevant references, xenodochia and hospitals
proliferated in Milan through private, ecclesiastical, and religious initiatives from at least the eighth century. The
priest Dateo establishing what is believed to be the first shelter for abandoned children (Antiquitates, XXXVII,
coll. 5887-590), followed by numerous others for the care of pilgrims and the poor®?. Chronicles from the 11th
century onwards document numerous xenodochia for women, children, and the poor, alongside hospitals and
assistance centers run by religious orders, confraternities, and trade guilds®. By the end of the 13th century,
Milan boasted hospitals for the sick and specifically for lepers®. Indeed, during the communal age, the relation-
ship between citizens and institutions strengthened, fostering assistance initiatives. Notably, the Brolo hospital
in Milan showcased a modern administrative setup for patient care®. In the mid-15th century, Milanese hospital
institutions culminated in the Ospedale Maggiore, the most advanced healthcare facility in Italy at the time®®. In
these medieval years, as focus on the needs of the middle and lower classes increased, so did support for women.
It is not easy to locate traces of this in written documentation, as mentioned earlier'-, but chronicler Landolfo
Seniore indicates specific interventions in the favor of women, namely as xenodochia intended for poor women
and pilgrims and support for women unable to breastfeed®, an element that contributes to a decrease in the
body’s defenses and the general health of women®®. Based on this data, it is possible this increased attention and
care towards the needy and women in general contributed, albeit to a limited extent, to decreased risks of mortal-
ity and increased longevity among females in the Middle Ages with respect to the Roman era.

Despite this progress, conditions for women of low socioeconomic status likely deteriorated in the subsequent
centuries. Historiography further indicates that many women from lower social strata were increasingly employed
in textile production, more intensively and on a larger scale than in previous periods. The rise of textile produc-
tion, particularly silk-making in Lombardy and Milan, led to a more systematic and continuous employment
of female labor in industrial manufactures, resulting in increased physical strain on female workers, due to the
use of looms that involved considerable physical exertion and the consequent increase in physical, emotional,
and psychological stress factors, from their commitment to both family and work. By the 18th century, silk
processing had become predominantly a female occupation, although women continued to work in various
other fields, both within the home and outside it. In 1881, women workers (whose wage conditions were unfair
to say the least), accounted for over 50% of all Milanese women, though this percentage decreased in the fol-
lowing decades (42% in 1911)*%. This increased physical exertion in potentially hazardous industries, such as
weaving and dyeing, likely compromised women’s health, especially considering their ongoing responsibilities
in domestic chores and childcare.

The results for the contemporary period are consistent with bioarchaeological studies and present-day epi-
demiological trends in developed countries (e.g.,ref®®*”!). In fact, two main results can be observed: (1) a very
marked increase in mean age-at-death for both males and females, and (2) a reversal in sex differences regarding
longevity, which was historically in the favor of males and now shows a higher life expectancy for females. The
first result is likely related to improvements in living conditions over the last two centuries. Specifically, it may be
attributed to greater variety in diet and better access to food resources, as well as technical and scientific advances
in sanitation (leading to better hygiene) and healthcare, including smallpox inoculation and subsequent vaccines,
preventative testing, management of disease symptoms, treatment efficiency, development of antibiotics and
pharmacological drugs, universal access to healthcare, and public health measures and monitoring. The second
result may be explained by biological and cultural factors. The female buffering hypothesis posits that females
are less susceptible to environmental stressors than their male counterparts®*®. Indeed, biologically, females at
all ages are less susceptible to a wide range of diseases, especially infections, than males and are at lower risk of
mortality from them®. Additionally, social and cultural factors may contribute to this (hormonal) biological
buffering: males have a stronger tendency to underestimate risk, engage in risk-taking behavior and compete for
resources, social status, and mates, which may lead to hazardous consequences and negative health outcomes,
including death®®*'. Heightened buffering capacities among females compared to males have been suggested in
multiple bioarchaeological studies to explain sex differences in mortality and survivorship observed in skeletal
samples (e.g.,ref>%%). However, bioarchaeological studies have also clarified that the capacity for female buffering
is likely dependent on cultural context and the extent to which social and cultural disadvantages diminish the
survival advantages conveyed by female buffering®®. In other words, we do not suggest that female buffering did
not exist in Milan during the Roman era, Middle Ages, and Modern period, but it is possible that these biological
buffering capacities were not sufficient to overcome the social and cultural disadvantages that females may have
faced in Milan during those historical periods.
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In literature, stature is considered a potential stress marker indicative of living and health conditions during
growth®=°. Consequently, it is interesting to note that a variable trend in survivorship emerged from our results
while average height remained stable in Milan over the last 2,000 years. Indeed, in a previous study, based in
part on the skeletal material of the present paper, we found that male and female stature did not significantly
vary across historical periods®. This result differs from other studies showing an inverse correlation between
stature and mortality'*-'%, though this correlation is not the object of consensus in the community. Indeed, De
Witte et al.!®® failed to find a correlation between stature and risk of mortality among adults under conditions of
normal mortality in their medieval sample. Maat'® noticed a negative secular trend in stature from the Roman
era to the second half of the 19th century, without a distinct decline in average age-at-death. Although stature
was not included in the list of stress markers considered in the present paper, the comparison between our two
Milanese studies seems to support the hypothesis that stature may not show a strong correlation with risk of
death and survivorship.

Our analysis focused primarily on mortality and survivorship patterns across time, without examining deeply
into skeletal markers of physiological and mechanical stress that could provide a more detailed understanding
of the factors influencing these patterns. Future research should aim to examine these skeletal markers more
comprehensively to better understand the factors that may have impacted female mortality and survivorship
throughout Milanese History.

Conclusion

In conclusion, this study proposed a diachronic analysis of female mortality and survival in Milan throughout
2,000 years and five historical periods. During the Roman period, significantly higher female mortality with
respect to their male counterpart was found, which may partly be explained by childbirth and pregnancy-related
complications. However, in the Early Middle Ages, female mortality risk decreased, and survivorship improved.
This change may be related to the specificity of the Milanese context, which attested social and health reforms as
well as concerted efforts towards female care and welfare during that time, which may have buffered the effect
of maternal mortality. This trend remained stable throughout the Middle Ages. In contrast, in the Modern era,
stress marker patterns indicated a deterioration of living and health conditions, particularly for females, severely
impacting their mortality. Remarkably, in the contemporary period, a reversal of this trends emerged, with
females experiencing for the first time a higher longevity compared to males. The results for the contemporary
period are consistent with general improvements in living conditions and access to healthcare.

Overall, this study demonstrates the importance of bioarcheology studies to obtain a more exhaustive under-
standing of the past, in particular regarding women’s history and experience. It is noteworthy that this research
marks the first comprehensive exploration of female mortality through skeletal remains on a such a large scale,
using a multidisciplinary approach that integrated skeletal analysis alongside paleoepidemiological analysis and
historical contextualization. The research evidenced how the female condition evolved over the last 2,000 years in
Milan, as well as how social and cultural changes impacted women’s living conditions in the European metropo-
lis, and shed light on the complex interplay between gender, socio-economic dynamics, and health outcomes
throughout History.

Data availability
All data generated and analyzed during this study are included in this published article.
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