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ABSTRACT

Objectives: The higher mortality rate of the Black Death compared to later epidemics has prompted bioarchaeologists to address
the health status of past plague victims and whether this may have influenced the selectivity of the disease. A person’'s phenotype
is the result of a complex interaction between genetic and environmental factors; body size, and in particular body mass and stat-
ure, are strongly influenced by external factors (such as economic conditions, famine, physiological stresses, etc.). In this study,
we explored how variations in body mass and BMI may reflect changes in the population of London during the Black Death
(1348-1350) and to understand the relationship between epidemic diseases and changes in body size in the past.

Materials and Methods: For this purpose, stature, body mass, and BMI were reconstructed using osteologic data from the
Wellcome Osteological Research Database (WORD) of the Museum of London from individuals who died before, during, and
after the Black Death in medieval England.

Results: We observed a significant decrease in weight and stature in the period of the Black Death and a slight increase, com-
pared to pre-Black Death data, after the plague epidemic. Values of BMI, conversely, remained more or less constant.
Conclusions: The results further clarify the effects of social upheavals before the Black Death on the health of the individuals
and reveal new insights into their health after the extreme devastation. Moreover, we confirmed that BM, as well as stature, can

be used to assess health changes in the past.

1 | Introduction

The fourteenth century in Europe was marked by adverse cli-
matic conditions which shortened food availability, with re-
markable consequences for the socio-economic stability of many
countries. A series of famines, wars, and epidemics struck and
weakened the European population in the first half of the cen-
tury. These catastrophic events included the deadliest episode
ever recorded, the so-called Black Death, which lasted in Europe
from 1348 until 1353, followed by numerous other episodes until
the 19th century (Bramanti et al. 2018; Duncan and Scott 2005;
Cohn 2008; Poos 1991; Wood et al. 2003; Wray 2005).

The rapid spread of this infectious disease and its high mor-
tality rate that caused several changes in the social, economic,
and political environment have prompted researchers to inves-
tigate the plague from different perspectives, including its bac-
teriological origin. In recent years, scientists have identified the
bacterium Yersinia pestis in 14th-century skeletal remains of pu-
tative plague victims, confirming its role as the causative agent
(Haensch et al. 2010; Bos et al. 2011, 2016; Namouchi et al. 2018;
Schuenemann et al. 2011; Spyrou et al. 2016, 2022).

Once the nature of the catastrophic events was ascertained
and considering the higher mortality rate of the Black Death
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Summary

« Body Mass can be used to assess health changes in the
past.

« Black Death victims in London show a lower mean
stature and weight due to previous famines.

« After the Black Death, health proxies' values improved
considerably.

compared to subsequent outbreaks (Cohn 2008; Russell 1966),
bioarchaeologists began to address the health status of plague
victims of the past and whether this may have influenced the
selectivity of the disease. In other words, the higher lethality of
the Black Death could be owing to either the virulence of the Y.
pestis strain or the previous poor health of the victims (DeWitte
and Wood 2008; DeWitte 2014; DeWitte and Bekvalac 2010;
DeWitte and Hughes-Morey 2012). In the period immediately
preceding the Black Death, in addition to malnutrition (Biintgen
et al. 2011), the European population was affected by several
other infectious diseases, such as smallpox, leprosy, tuberculosis
(Barrett 1983; Behbehani 1983; Donoghue et al. 2005; Lee 2009;
Manchester 1984; Sternbach 2003), which may have contributed
to the worsening health status of many individuals, generating a
discriminating factor for plague mortality (DeWitte 2009, 2010;
DeWitte and Bekvalac 2010; DeWitte and Hughes-Morey 2012;
DeWitte and Wood 2008; DeWitte and Yaussy 2017; Godde
et al. 2020; Zedda et al. 2022). In combination with poor health
conditions, other endogenous characteristics may also have
played a role in plague selectivity (DeWitte 2010; DeWitte and
Bekvalac 2010); therefore, bioarchaeological studies on the
Black Death and historical plagues in general have so far focused
mainly on the analysis of frailty in relation to certain variables,
such as sex, age, or stature (DeWitte 2009, 2010; DeWitte and
Bekvalac 2010; DeWitte and Hughes-Morey 2012; DeWitte and
Wood 2008; DeWitte and Yaussy 2017, 2019; Godde et al. 2020;
Yaussy et al. 2016; Yaussy and DeWitte 2019; Zedda et al. 2022;
Guellil et al. 2021).

The phenotype of a person is the result of a complex inter-
action between genetic and environmental factors (e.g.,
McClearn 2004). Body size, and particularly weight and stat-
ure, are greatly affected by external factors that can distress
growth, nutritional status, and health of an individual or
population (Oreskovic et al. 2009), like social and financial
circumstances, personal upheavals (i.e., stories of migrations,
famine, physical and psychological traumas), conditions of
physiological stress (Vilcins et al. 2018), as well as environ-
mental changes, social status, activities carried out during
life, and the spread of infectious diseases (Elliott et al. 2014;
Houghton 1991; Ruff 2002; Serensen et al. 2020; Wells 2012b,
2012a; Wells and Cortina-Borja 2013). All these events can
impact entire populations' daily activities and dietary habits,
causing growth and body mass changes (Elliott et al. 2014;
Ruff et al. 2005; Ruff 2002).

Body mass (BM) represents the total weight of an individual
(without distinction between fat mass and lean mass) and is a key
component of the individual's biological profile. In anthropolog-
ical analyses, the reconstruction of BM can be used to analyze

changes in body dimensions over time (Aiello and Wood 1994;
Elliott et al. 2014; Ruff et al. 2005; Ruff 2002) but also to recon-
struct the living conditions and lifestyles of a specific population
(Lieberman et al. 2001; Lorkiewicz-Muszynska et al. 2013; Ruff
et al. 2005; Squyres and Ruff 2015). Stature provides as well rel-
evant information on the living conditions of past populations
and is a crucial variable for reconstructing the size and body
proportions of individuals from skeletal remains (Giannecchini
and Moggi-Cecchi 2008; Ruff et al. 2012). A combination of the
two measures, BM and stature, gives the body mass index (BMI),
which can also be used in both bioarchaeological and forensic
contexts as a suitable index for implementing the biological
profile of an individual (Mongillo et al. 2021). Although widely
applied in clinical and epidemiological research, BMI remains
poorly explored in bioarchaeology. When derived from osteo-
logical data, BMI estimates can provide valuable insights into
weight status and associated comorbidities. Underweight con-
ditions such as malnutrition, stunting, and wasting are known
to be reflected in short stature, low bone mass, and increased
porosity (Schug and Goldman 2014; Temple et al. 2014; Kueper
et al. 2015), while overweight is associated with increased me-
chanical stress and skeletal conditions including osteoarthri-
tis, DISH, gout, and calcaneal spurs (Jiang et al. 2012; Reyes
et al. 2016; Wallace et al. 2017; Giuffra et al. 2010). Thus, as in
living populations, BMI may serve as a proxy for nutritional
and metabolic status, aiding population-level reconstructions of
health and disease.

While in previous studies, DeWitte and colleagues (DeWitte
and Hughes-Morey 2012; DeWitte 2017) investigated changes in
stature during the Black Death, changes in BM have never been
investigated; indeed, to the best of our knowledge, only one pre-
vious study, which used femoral head size as a proxy, considered
BM as a marker of frailty in plague victims (Zedda et al. 2022).

In this study, we compared BM and estimated stature of indi-
viduals before, during, and after the Black Death, to evaluate
the possible impact of the plague epidemic on changes in body
size. Moreover, we specifically test the applicability of BMI to
assess whether this indicator can effectively capture population-
level changes in weight conditions in the past. Data from the
Wellcome Osteological Research Database (WORD) of the
Museum of London are well suited for this type of analysis be-
cause they allow for diachronic comparisons between individ-
uals and offer a unique opportunity to test our method in the
context of significant population changes. From our analysis,
we expect to find a general increase in the body size and health
status of the population after the Black Death, since historical
sources reported an improvement in the living standards after
the plague with a redistribution of wealth and increased access
to food (Dyer 2005; DeWitte 2015).

2 | Materials and Methods

2.1 | The Osteological Sample

Data examined in this study were obtained from the Wellcome
Osteological Research Database (WORD) of the Museum of

London  (https://www.museumoflondon.org.uk/collections/
other-collection-databases-and-libraries/centre-human-bioar
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TABLE1 | Number of included individuals divided by sex and age-at-death classes for each cemetery and separated for periods: Pre- (Period A),

During- (Period B) and Post-Black Death (Period C).

Period Cemetery Chronological period M F YA MA OA Total
A Guildhall yard 1050-1230 12 9 10 7 4 21
(Periods 10, 11)
Merton priory 1117-1300 41 8 14 26 9 49
(Periods 3, 4)
Spital square 1197-1320 27 18 19 19 7 45
Total 80 35 43 52 20 115
B East Smithfield 1348-1350 127 57 103 67 14 184
Black death
Total 127 57 103 67 14 184
C Merton priory 1390-1550 9 0 2 7 0 9
(Periods 7, 8)
St. Mary Graces 1350-1538 70 30 44 43 16 100
Total 79 30 46 50 16 109

Note: M: males; F: females; YA: 18 - 35years of age; MA: 36-45years of age: OA: >46years of age.

chaeology/osteological-database). This database includes de-
mographic and anthropometric data of skeletonized individ-
uals from several historical London cemeteries, made openly
available free of charge by the Museum of London to anyone
with a purpose of research. Five medieval cemeteries recorded
in the WORD database were considered in this study, divided
into three periods: pre-Black Death (Period A, before the year
1348, specifically the period between 1050 and 1320), during
Black Death (Period B, 1348-1350) and post-Black Death
(Period C, 1350-1550) (Table 1). Cemeteries without a precise
chronological sequence were excluded from the study. The
attribution of the individuals to one of the three periods was
made according to the information available in the WORD
database.

The overall initial sample consisted of a total of 1893 individu-
als. Of these, 413 individuals were excluded because their death
time, indicated in the WORD Database, did not belong exactly
to one of the three periods (A, B, C) previously specified. Of the
remaining 1480 individuals, all sub-adults, adults whose sex or
age-at-death was indeterminate, and, lastly, all adults who did
not have enough skeletal elements to determine stature and BM
were not included in the final sample, which consists of 408 in-
dividuals. Because this study aims to propose a methodological
approach, we did not include skeletal and dental pathologies as-
sociated with individual cases.

The final sample, divided by sex and age-at-death, is reported
in Table 1.

2.1.1 | Pre-Black Death Cemeteries (Period A)

The 121 Pre-Black Death individuals came from three

London cemeteries: Guildhall Yard, Merton Priory, and Spital
Square.

2.1.1.1 | Guildhall Yard. Guildhall Yard was excavated
between 1992 and 1997 (MoLAS-Museum of London Archae-
ological Service). It was originally the parish churchyard of St
Lawrence Jewry, dated between the 11th and 12th centuries,
and is composed of high-status parishioners (Bowsher 2007).
Its timeline is divided into several periods. Only Period 10
(1050-1140CE) and Period 11 (1140-1230 CE) were considered in
this study.

2.1.1.2 | Merton Priory. The site of the Augustinian Pri-
ory of St Mary Merton was excavated in two separate archaeo-
logical surveys, from 1977 to 1983 by the DGLA (Department
of Greater London Archaeology) and from 1986 to 1988 by
MoLAS. A total of 738 burials with both single and multi-
ple graves were found here, of both monks and lay people,
including wealthy community members and servants (Miller
and Saxby 2007). The graves are arranged over four main
areas, divided into four time periods covering the years 1117-
1538. In this study, individuals from Period 3 (1117-1222CE)
and Period 4 (1222-1300 CE) were considered, while Period 6
(1300-1390CE) was excluded due to the difficulty in distin-
guishing individuals who died before the Black Death from
those who died during and after it.

2.1.1.3 | Spital Square. The individuals buried here came
from an Augustinian priory and the hospital of St Mary Spital
and dated between 1197 and 1320. Excavations were carried out
by the Museum of London between 1985 and 1989.

Archaeologically, four distinct areas were distinguished: area
SSQ88 (1197-1235 CE) with individuals from the priory (1 indi-
vidual included in this study); areas NRT85 and NRF88 (1235-
1280CE; respectively 20 and 18 individuals), with individuals
from the hospital cemetery; and area SPQ88 (1280-1320CE)
with individuals from the first phase of the infirmary chapel (6
individuals included).
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2.1.2 | Black Death Cemeteries (Period B)

The only cemetery considered here is the East Smithfield Black
Death cemetery, with a very significant record of plague victims
in London. It was excavated by the Museum of London from
1986 to 1988. In the WORD database are collected data on 636
individuals, from whom 188 were selected for this study.

The East Smithfield cemetery was founded in 1348
(Hawkins 1990; Grainger et al. 2008) to cope with the daily
high mortality due to plague. Its structure demonstrates the
emergency character of the site: in addition to single burials,
three mass burial trenches were discovered which, from the
study of the stratigraphy, appear to have been generated in a
single phase (DeWitte and Hughes-Morey 2012). Significantly
for our study, there is no evidence of its use after 1350
(Grainger et al. 2008). In 1990, Hawkins suggested that Black
Death victims were buried exclusively in plague cemeteries
once established. Archeogenomic work supports this evidence
(Bos et al. 2011).

2.1.3 | Post-Black Death Cemeteries (Period C)

The post-Black Death sample mostly consists of individuals
from the St Mary Graces cemetery. In addition, we considered
9 individuals from the later phases of the Merton Priory, spe-
cifically eight individuals from Period 7 (1390-1538 CE) and one
from Period 8 (1538-1550CE).

The St Mary Graces cemetery, excavated from 1986 to 1988, was
associated with the Cistercian abbey with the same name, which
was founded in 1350 (just after the Black Death) and used until
the Reformation of 1538 (Grainger et al. 1988, 2008). Individuals
from this cemetery represent various social classes, as well as
monks (Grainger and Phillpotts 2011). In this analysis, we in-
cluded 20 individuals who died around 1400, 64 individuals
from 1350, and 16 individuals from 1353. Among the individ-
uals listed as dating between 1350 and 1400, two in particular
appear to have been buried as a result of a plague outbreak after
the Black Death, suggesting that they died from this disease
(Gilchrist and Sloane 2006). However, given the purpose of this
study, we decided to include them in the analysis because they
belong to a period after the Black Death, which is our point of
reference.

2.2 | Sex and Age-at-Death Estimation

Data on sex and estimated age at death of the individuals con-
sidered in this study were extracted from WORD. To obtain
this information from the bone remains, the Centre for Human
Bioarchaeology used different methods (Powers 2012).

Sex was determined in adults by macroscopic observation of
14 sexually dimorphic features of the skull, jaw, and pelvis,
following classical anthropological methods (Brothwell 1981;
Bass 1987; Ferembach et al. 1980; Phenice 1969). Each observed
element was assigned a score from 1 to 5, where 1 corresponds
to ‘male’ and 5 to ‘female’; when no diagnostic elements were
observable, sex code 9 was assigned.

Age-at-death was determined using a combination of methods:
morphology of the pubic symphysis (Brooks and Suchey 1990;
Buikstra and Ubelaker 1994), morphology of the auricular sur-
face (Brooks and Suchey 1990; Buikstra and Ubelaker 1994;
Lovejoy et al. 1985), morphology of the sternal ribs (Iscan
et al. 1984, 1985) and grade of dental wear (Brothwell 1981).

In the present study, the age classes indicated in the WORD
database were converted to the Ubelaker age-at-death classes:
Young Adult (20-35; YA), Middle Adult (35-50; MA), Old Adult
(50+; OA) (Buikstra and Ubelaker 1994).

2.3 | Stature Estimation

We applied the formulas developed by Trotter and Gleser (1951,
1952, 1958, 1977) to estimate the stature of each individual of
each period, using the maximum lengths of long bones (femur,
humerus, radius, ulna, fibula) that are recorded in the WORD
database. For all individuals older than 30years, the measure
was adjusted for age-at-death, as indicated by the authors of the
formulas. In the case of individuals for whom only the maximal
tibial length measure was available, we used Pearson's formu-
las (Pearson 1899). If present, left-sided bones were preferred.
If different lengths of long bones were present for an individual,
stature was calculated from the measurements of each left bone
and then the mean stature was calculated.

2.4 | BM and BMI Estimation

BM estimation was performed according to the method of
Trinkaus and Ruff (2012) based on vertical femoral head diam-
eter (FHB). This method makes use of three different formu-
las (Ruff et al. 1991; Grine et al. 1995; McHenry 1992), chosen
according to the different sizes of the FHB (McHenry 1992, if
FHB <38 mm; Ruffet al. 1991, McHenry 1992; Grine et al. 1995,
if FHB between 38 and 47mm; and Ruff et al. 1991; Grine
et al. 1995, if FHB >47mm). To increase the number of indi-
viduals that could be considered, other formulas based on the
measurements of the latero-medial width of the tibial pla-
teau (TPLM; Keisu et al. 2019) and the femoral bi-epicondylar
breadth (FBEB; Keisu et al. 2019) were used when FHB was not
available. The formulas used for the evaluation of the BM in this
study are reported in Table 2.

Body mass index (BMI) was calculated using the estimated BM
and stature through the formula BM (in kg)/stature? (in meters
squared). Following the World Health Organization (WHO)
classification, weight status was classified according to cut-offs:
BMI values below 18.5 indicate underweight; BMIs between
18.5 and 24.9 indicate normal weight, whereas overweight is
defined by a BMI of 25-29.9, and obesity by a BMI above 30
(James 2004).

2.5 | Statistical Analysis

Statistical analyses were performed using the STATISTICA
(StatSoft) software and MedCalc Statistical Software ver-
sion 14.8.1 (MedCalc Software bvba, Ostend, Belgium). The
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TABLE 2 | Formulas used for the reconstruction of BM.

Skeletal element Authors Formulas
FHB (mm) Ruffet al. 1991 3BM =2.741 x FHB—54.9
BM =2.426 x FHB—35.1
McHenry 1992 3+ $BM=2.239x FHB—39.9

Grine et al. 1995
TPLM (mm) Ruff et al. 2018
Keisu et al. 2019

FBEB (mm) Keisu et al. 2019

3+ 9BM=2.268 x FHB—36.5
3+ 9BM=1.623 X TPML—52.7

3BM =1.25x TPML—22.75
@BM =1.20X TPML—23.02

3BM=1.07xFBEB—15.88
@BM =1.09 Xx FBEB—21.42

Abbreviations: FBEB, femoral bicondylar breadth; FHB, femoral head breadth; TPML,

assumption of normality was verified using the Kolmogorov-
Smirnov test and the Shapiro-Wilk test. Mean and standard de-
viation (SD) were calculated for continuous variables (stature,
BM, BMI), whereas relative and absolute frequencies for categor-
ical variables (weight status) were reported. The Levene test and
Bartlett test were used to verify the homogeneity of variances
in different groups. Two-way analysis of variance (ANOVA)
was performed to determine whether stature, BM, and BMI
(dependent continuous variables) differ significantly between
sex (independent categorical factor), periods (independent cat-
egorical factor) and their interaction. Tukey post hoc test was
performed to test differences within the three periods. The com-
parisons between weight status and sex and period, respectively,
were computed using the Fisher-Freeman-Halton test. Three
multiple linear regression models were performed to assess the
association between stature, BM, and BMI—inserted as depen-
dent continuous variables—and historical periods (categorical
variables) as independent variables (crude models). Each model
was then adjusted for sex (categorical variable) and age-at-death
(categorical variable), added as confounding variables (adjusted
models). The normality of the residuals and homoscedasticity
were verified using the Levene test and the Shapiro-Wilk test.
Variance Inflation Factor (VIF) and Generalized Variance
Inflation Factor (GVIF) were performed to test the collinearity.
All the assumptions for the Two-way ANOVA test and the mul-
tiple linear regression models were met for all the considered
variables (stature, BM and BMI). In all cases, values of p <0.05
were considered to indicate statistical significance.

3 | Results

Stature, BM, and BMI in the two sexes and in the three peri-
ods (Pre-Black Death, Black Death and Post-Black Death) are
presented in Table 3 and Figure 1 (A, B, C). The results of the
two-way ANOVA show a highly significant difference between
the two sexes for all variables considered. Males were taller and
heavier than females and had a higher BMI, as expected.

The mean BMI of the males fell into the overweight category
in all periods, while the mean BMI of the women was almost
overweight. When weight status categories were compared,
males showed a significantly higher frequency of overweight

mediolateral measurements of tibial plateau.

individuals in all three periods, representing more than half
of the total sample, in contrast to females, who were predom-
inantly normal weight. The differences between periods were
not statistically significant for both BMI and weight status cat-
egories, considering the total sample and each sex separately.
Regarding stature and BM, the results show a significant differ-
ence between periods. The absence of serious violations of ho-
moscedasticity and the sample size allow us to consider two-way
ANOVA results robust, even if the distribution of a few variables
is not normal.

The post hoc test revealed that stature was significantly lower
in the Black Death period (Period B) than in the periods before
and after the Black Death (A and C), whereas no significant
differences were found between the first and the last period.
BM was only significantly different between periods A and B,
with higher values in the first period. After the Black Death,
we observe an increase in both stature and BM, with values not
significantly different from the pre-Black Death period. The in-
crease in stature and weight after the Black Death, more marked
for females, also translates into changes in BMI. Indeed, BMI
values of males and females remain similar because there is a
constant increase in both weight and stature (1.3kg and 1.6cm
for males; 2.2kg and 3.2 cm for females) after the Black Death.

Using multiple linear regression models, the association be-
tween the three measures (stature, BMI and BM) and the three
periods (pre-, during and post-Black Death) was analyzed. The
absence of multicollinearity between the independent vari-
ables (VIF/GVIF =»1), along with the homoscedasticity of the
residuals, confirms the validity of the model. The time period
proved to be a good predictor of stature in both the crude and
the adjusted models (Table 4, models 1 and 2), with an explained
variance of respectively 3% and 52%. The results are similar
when BM is inserted as the dependent variable. Indeed, in the
second model, the explained variance increases to 42% in com-
parison to the first model (1%) (Table 5). Both stature and BM
resulted significantly higher in period A and lower in period B
in comparison to period C. As expected, regardless of the time
period, males resulted significantly higher and heavier than fe-
males, and no significant differences were found comparing the
age-at-death classes. Concerning BMI, the model was statisti-
cally significant only after adjusting for sex and age-at-death.
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FIGURE1 | Boxplots illustrating the difference in the three periods
separately by sex. (A) Differences in stature; (B) differences in BM; (C)
differences in BMI. 1: Males; 2: Females.

However, the period was not significantly associated with BMI
in any model (crude and adjusted). YA had a significantly lower
BMI in comparison to OA, regardless of sex and period. The
covariates of the adjusted model explained 9% of the variance
(Table 6). Looking in detail at the distribution of individuals in
the different age groups (Table S1), the trend of increasing stat-
ure for females and males after the Black Death is maintained
for almost all three adult groups considered, except for YA males
whose stature is similar in periods B and C. However, for BM, a

decrease is noted for both males and females in the Black Death
period, but the values are similar for the B and C periods for
YA males, while a very slight decrease is shown for MA males.
For the female OA age group, after the Black Death, there is a
decline in BM measures.

4 | Discussion

The aim of the study was to examine whether variations in body
size can serve as an indirect measure of changes in physical
conditions over time in relation to a specific historical context,
events, and circumstances. In particular, we considered the me-
dieval cemeteries of London before, during, and after the Black
Death, which provide a valuable framework for critically investi-
gating this matter and a direct understanding of the relationship
between epidemic diseases and changes in body size in the past.

The relationship between weight status and morbidity and mor-
tality of infectious diseases in historical times remains an open
issue in the scientific literature (Schneider 2022). Nutritional
status and disease mutually influence each other; infectious dis-
ease, regardless of the agent responsible for the infection, can
affect nutritional conditions through reduced appetite and loss
of nutrients (Katona and Katona-Apte 2008). Conversely, pre-
existing nutritional deficiencies, thus weight status, may increase
the severity of some infections by impairing immune system
functions and reducing antibody production (Schneider 2022;
Bellagio Conferees 1983). Indeed, some studies have suggested
that BM could be associated with infection risk rate and disease
outcome (Yang et al. 2021; Dobner and Kaser 2018). Malnutrition
in general increases the risk of developing more severe infec-
tions, especially in underweight children and adolescents, and
obese adults (Dobner and Kaser 2018; Krawinkel 2012).

However, it is difficult to apply estimates of modern medicine to
the past, as antibiotics and vaccinations have changed the conta-
gion probability and severity of most diseases (Schneider 2022).
Historical sources on past health practices and bioarchaeologi-
cal analysis can help obtain information and draw a picture of
the health status in the past.

This study represents the first attempt to analyze changes in
BM and BMI, to assess weight status and infer the health con-
ditions of the London population, in relation to the most severe
14th-century plague outbreak, the Black Death. The London
sample selected for the analysis is part of a larger collection cu-
rated by the London Museum, which includes human remains
from different prehistoric and historical periods, each accom-
panied by information such as chronology, the context of dis-
covery, and anthropological information, including osteometric
measurements, recorded according to professional standards
(Powers 2012). Such a large sample allowed us to understand
the change in BM before, during, and after the Black Death.

As expected, the results confirm sexual dimorphism in BM
and stature in all three periods. It is well known that sexual di-
morphism in human body size begins from fetal life; moreover,
boys enter puberty later than girls and continue the pubertal
growth spurt by increasing leg size and length and total bone
mass (Wells and Cole 2002). This prolonged growth process
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TABLE 4 | Multiple linear regression model showing the association between stature and plague periods (Model 1, crude model) and after

adjusting for covariates (Model 2, adjusted model).

Model 1 Model 2
Stature B t P B t P
Periods
A 0.111 2.051 0.041 0.124 3.263 0.001
B -0.197 —3.634 0.000 —0.187 —4.830 0.000
C ref ref ref ref ref ref
Sex (male) — — — 0.701 20.430 0.000
Age-at-death — — —
YA — — — 0.033 0.943 0.346
MA — — — 0.035 1.031 0.303
OA — — — ref ref ref
Pvalue 0.001 0.000
R2 0.032 0.529
R2 adjusted 0.027 0.523
TABLE 5 | Multiple linear regression model showing the association between BM and plague periods (Model 1, crude model) and after adjusting

for covariates (Model 2, adjusted model).

Model 1 Model 2
Body mass B t D B t P
Periods
A 0.090 1.651 0.099 0.093 2.204 0.028
B —-0.135 —2.478 0.014 —-0.111 —2.602 0.010
C ref ref ref ref ref ref
Sex (male) — — — 0.642 16.962 0.000
Age-at-death — — —
YA — — — —0.045 -1.159 0.247
MA — — — —0.025 —0.664 0.507
OA — — — ref ref ref
Pvalue 0.039 0.000
R2 0.016 0.428
R2 adjusted 0.011 0.421

also stimulates periosteal apposition, leading to increased bone
diameters, unlike in females, where estrogens inhibit the pro-
cess. Delays in puberty may interfere with sex differences
(Wells 2007; Seeman 2001).

Sexual dimorphism in stature in the London population has al-
ready been reported in previous studies (DeWitte 2018; DeWitte
and Hughes-Morey 2012; Brennan and DeWitte 2022). Among
the three periods considered, sexual dimorphism in BM, stat-
ure, and thus BMI remained more or less constant, with more
marked differences in period A and less in period C.

However, we observed that in all three periods, there is a nota-
ble frequency of overweight individuals when considering BMI.
This condition has also been reported in other attempts to es-
timate body mass using BMI, as in the study of Siegmund and
Papageorgopoulou (2011) in medieval Switzerland. However,
as Ruff (2000) and Weiss (2007) have demonstrated, high BMI
values in premodern contexts do not necessarily correspond
to modern patterns of overnutrition. Increased physical ac-
tivity likely contributed to increased muscle mass, affecting
BM without indicating poor health. We know that in the pe-
riod right before the Black Death, two main famines struck
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TABLE 6 | Multiple linear regression model showing the association between BMI and plague periods (Model 1, crude model) and after adjusting

for covariates (Model 2, adjusted model).

Model 1 Model 2
BMI B t p B t P
Periods
A —-0.027 —0.484 0.628 —0.038 —0.725 0.469
B -0.017 -0.313 0.755 0.049 0.912 0.362
C ref ref ref ref ref ref
Sex (male) — — — 0.283 5.951 0.000
Age-at-death — — —
YA — — — -0.120 —2.484 0.013
MA — — — —0.056 —-1.184 0.237
OA — — — ref ref ref
P value 0.883 0.000
R2 0.001 0.097
R2 adjusted —0.004 0.086

England: The Great Famine in 1315 and 1317, followed by the
Great Bovine Pestilence in 1319-1320 (DeWitte and Slavin 2013;
Stothers 2000). As a result of these circumstances, a significant
proportion of the English population experienced declining
living standards and a rise in social injustice. These conditions
not only led to a general decline in health status shortly before
the Black Death but also caused an important migration into
the city of London of sick and disease-prone immigrants from
the poorer countryside (DeWitte 2015, 2017; Campbell 2016;
Stothers 2000). Malnutrition, starvation, and stress during fetal
life and the early years of childhood can stunt growth, have a
long-lasting or permanent adverse impact on immune function,
and consequently raise the risk of infectious disease-related mor-
tality in adults (DeWitte 2017; Moore et al. 1999; Moore 2016;
Godde et al. 2020). Given that stature is genetically defined and
influenced by environmental factors, it is known that children
who have suffered episodes of infection could have a shorter
stature in adulthood (Rani et al. 2021; Zedda et al. 2021). On
the other hand, weight undergoes many fluctuations over a life-
time, sometimes very rapid ones, which are difficult to predict
from the skeleton. We also know that BM estimation methods
based on joint size reflect weight at the time the bone is setting
(18-20years of age for the femoral head) or when peak weight
has been reached (30-40years of age for knee joints) (Trinkaus
and Ruff 2012; Squyres and Ruff 2015; Elliott et al. 2014; Ruff
et al. 1991).

Therefore, it is conceivable that the significant decrease in
weight and stature during the period of the plague observed
in the results of our work could be explained by the fact that
some individuals who died of the plague had suffered the effects
of pestilences and famine during childhood or the fetal stage.
The victims of the plague might mirror the status of the pop-
ulation of the time, with a lower mean stature and weight due
to the previous famines: but they also may represent the frail-
est individuals who were selected by the plague because they

had suffered stress in earlier stages of life and different studies
have reported an increased susceptibility to dying of plague for
frailer individuals. Nevertheless, in plague pits a higher than ex-
pected presence of individuals with a lower level of frailty (i.e.,
healthier) was observed as well (Zedda et al. 2022; DeWitte and
Wood 2008; DeWitte and Hughes-Morey 2012).

In this study, we could observe in particular the lower weight
of the male cohort of young adults (20-35years), who had expe-
rienced periods of famine and pestilence when they still were
children, resulting in a compromised health status that might
have made them more susceptible to dying of plague. Even in
multiple linear regression models, the three measures (stature,
BMI and BM) and time period displayed a significant associa-
tion, suggesting that lower stature and lower BM were signifi-
cant predictors of individual mortality during the Black Death.

After the Black Death, we see a significant increase in mean
stature and weight in comparison to the Black Death period, and
this could mean that heavier and taller individuals had more
odds of surviving during the plague. Between the pre-Black
Death period and the post-Black Death, however, we only notice
a slight, not significant, increase in stature in female individu-
als and a decrease in males. Conversely, DeWitte and colleagues
(DeWitte 2017; Brennan and DeWitte 2022) observed a little de-
crease in female stature after the plague pandemic, compared
to the pre-Black Death period. This can be explained by a slight
difference in the sample, in particular the use by DeWitte and
colleagues of the St Mary Spital infirmary cemetery for the post-
Black Death period. For this skeletal collection, the chronologi-
cal information available on the WORD database did not allow
us to distinguish individuals buried after 1350; therefore, they
were not included in our dataset. On the other hand, the victims
at St Mary Spital, a medieval hospital, might reflect the popula-
tion's poorest health conditions. Moreover, it is important to note
that the differences in results among the studies could be due
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to the different types of statistics performed. Since both stature,
BM, and BMI are strongly influenced by age and sex, our ad-
justed multiple regression models allow a less biased picture of
the changes in the three periods, as shown also by the better R2
of the adjusted models compared with the crude models.

Previous studies have noted an improvement in the health status
of London's population after the plague (DeWitte 2017, 2014),
which the author explain as being due to selection by the plague
that killed mainly the less healthy individuals. However, after the
epidemic, a general improvement in living standards in England
was recorded. The severe labour shortages caused by the Black
Death led to higher wages and lower prices for food, goods, and
housing, as well as a decrease in social inequalities in access to
food (DeWitte 2017; Dyer 2005). Improved nutritional conditions
after the Black Death can be found in documentary sources that
refer to lower mortality after this period (Nightingale 2005), al-
though the documentary evidence does not cover all social classes.
If plague did not select only frail individuals (Zedda et al. 2022),
the general improvement in health status after the Black Death
was likely due to a combination of both phenomena: a reduction
of the most fragile part of the population and the general improve-
ment in socio-economic conditions. Improvements in stature and
BM after the Black Death are slightly more pronounced among fe-
males compared to males, aligning with evidence indicating lower
female mortality rates in medieval London (DeWitte 2010; Zedda
et al. 2022). Sex differences in health outcomes may also reflect
variations in access to healthcare. Some studies suggest a higher
frequency of caries in female individuals than in males in the me-
dieval context (Bertilsson et al. 2021; Meinl et al. 2010) as a conse-
quence of an increase in carbohydrate consumption. Furthermore,
women in medieval England prepared food and thus had preven-
tive access to caries-promoting foods (Walter et al. 2016). However,
direct evidence of dietary differences between males and females
in medieval Europe is limited (DeWitte 2017).

4.1 | Strengths and Limitations

One of the biases of this study is the nature of the sample it-
self, as the Black Death sample is a catastrophic cemetery, and
therefore inherently more heterogeneous in terms of both social
classes and ancestry of individuals (Redfern and Hefner 2019).
In contrast, the cemeteries before and after the epidemic likely
had different socio-economic compositions. Although the statis-
tics may reveal some differences due to socio-economic status
(SES), these are minimal, as we have aimed to provide a cross-
section of the entire population. Moreover, during period C,
some individuals may have died as a result of subsequent plague
epidemics. Two such cases were confirmed in this study. Given
that some research suggests that short stature, and by extension
frailty, may have been a factor in plague mortality (e.g., DeWitte
and Hughes-Morey 2012; Zedda et al. 2022), the inclusion of in-
dividuals who died in subsequent epidemics could contribute to
a homogenization of data between periods B and C. However,
when the two identified individuals were excluded, the statisti-
cal analysis produced almost identical results, with no changes
in significance values; therefore, they were retained.

Another limit is the availability in WORD of data on bone elements
useful for defining weight status, a condition which has reduced

our sample size. Furthermore, functional elements for reconstruct-
ing BM were not available for sub-adults. The latter in particular
represents a strong limitation because the scientific literature on
the relationship between infectious diseases and nutrition in chil-
dren is considerable and would enable interesting comparisons.
Indeed, the synergistic association between malnutrition and in-
fections shows that malnutrition (especially undernutrition) is a
risk factor in children for the incidence and severity of infectious
diseases (Katona and Katona-Apte 2008; Ibrahim et al. 2017).

Additionally, in this study, the methods used to estimate BM
are diverse in different individuals and employ various skele-
tal elements with a certain degree of error. The mechanical ap-
proach we applied has an accuracy which is acknowledged in
the literature. For instance, while the morphometric approach,
which relies on stature and body widths such as bi-iliac width, is
more reliable in reconstructing BM (Auerbach and Ruff 2004),
the mechanical method is more easily applied because it takes
into account joint size and geometric properties of the diaphy-
seal shaft (Lacoste Jeanson et al. 2017; Auerbach and Ruff 2004;
Niskanen et al. 2018; Ruff et al. 2012, 2018). Undoubtedly, using
both mechanical and morphometric methods encompassing dif-
ferent skeletal dimensions would have helped to better under-
stand the variations in body size and make the estimation more
accurate (Ruff et al. 2005); we would have used this approach if
all measurements were available.

Stature was calculated indirectly using regression equations
and, when not all bones were preserved, the available bone mea-
surement was used for estimation.

Furthermore, in our study, we found that BMI does not provide
significant insights, unlike stature and BM alone, for tracking
the effects of a catastrophe such as the Black Death on a popu-
lation. This suggests that, while BMI holds substantial utility in
population-level statistics to assess trends within communities,
its applicability in historical contexts must be carefully evalu-
ated (Wu et al. 2024). Such evaluation should consider not only
the nature of the studies but also the influence of secular trends
in body size and dietary changes over time. A future direction
of this work could involve examining the association between
skeletal pathologies or lesions and individuals with BMI values
above or below the weight range considered normal.

This study contributes to the open debate on the identification of
indicators that can provide insights into population conditions in
different historical periods, contexts, and circumstances as well
as the interplay between nutrition and infectious diseases (and
vice versa). The general improvement of nutritional conditions in
Western society, the disappearance of certain diseases, and the de-
velopment of preventive and control measures have made it chal-
lenging to define comparable models for the past (Mercer 2021;
Schneider 2022). Therefore, this study intends to shed new light on
this issue, with the future goal of expanding the sample or compar-
ing these data with those from similar contexts.

5 | Conclusions

In conclusion, for the first time, BM and BMI have been used
to assess the effect of a catastrophic event on a population. The
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results confirm that social upheavals before the Black Death gen-
erated a more frail and sick population who might have been in
general more susceptible to dying from plague, as was previously
theorized (DeWitte 2015, 2017; DeWitte and Hughes-Morey 2012;
DeWitte and Wood 2008); while after the extreme devastation of
the Black Death, the population was in better health conditions,
as evidenced by improvements in stature and BM.

Author Contributions

Jessica Mongillo: conceptualization (equal), data curation (lead), for-
mal analysis (equal), investigation (equal), methodology (lead), supervi-
sion (equal), validation (equal), visualization (equal), writing — original
draft (equal), writing — review and editing (equal). Anthea Cerviero:
conceptualization (equal), data curation (lead), methodology (lead),
validation (equal), writing - original draft (equal), writing — review and
editing (equal). Nicoletta Zedda: conceptualization (supporting), data
curation (equal), investigation (equal), methodology (supporting), super-
vision (equal), writing - original draft (equal), writing — review and ed-
iting (equal). Natascia Rinaldo: conceptualization (lead), data curation
(equal), formal analysis (equal), investigation (equal), methodology (sup-
porting), supervision (lead), validation (equal), writing — original draft
(equal), writing - review and editing (equal). Barbara Bramanti: concep-
tualization (lead), data curation (equal), formal analysis (equal), investiga-
tion (equal), methodology (equal), supervision (lead), validation (equal),
writing - original draft (equal), writing - review and editing (equal).

Acknowledgments

The authors express their warmest gratitude to the Centre for Human
Bioarchaeology of the Museum of London for allowing access to their
database (Wellcome Osteological Research Database) and for making
possible the use of data on cemeteries and bone remains in this re-
search. Open access publishing facilitated by Universita degli Studi di
Ferrara, as part of the Wiley - CRUI-CARE agreement.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data on the osteological collections is freely accessible for research
purposes in the Wellcome Osteological Research Database (WORD)
by the Museum of London under request at https://www.museumoflo
ndon.org.uk/collections/other-collection-databases-and-libraries/centr
e-human-bioarchaeology/osteological-database.

References

Aiello, L. C., and B. A. Wood. 1994. “Cranial Variables as Predictors of
Hominine Body Mass.” American Journal of Physical Anthropology 95,
no. 4: 409-426. https://doi.org/10.1002/ajpa.1330950405.

Auerbach, B. M., and C. B. Ruff. 2004. “Human Body Mass Estimation:
A Comparison of “Morphometric” and “Mechanical” Methods.”
American Journal of Physical Anthropology 125, no. 4: 331-342. https://
doi.org/10.1002/ajpa.20032.

Barrett, E. C. 1983. “Review of Climate, History and the Modern World
by H. H. Lamb.” Geographical Journal 149, no. 3: 367. https://doi.org/10.
2307/634024.

Bass, W. M. 1987. Human Osteology. Laboratory Field Manual. 3rd ed.
Special Publication No. 2 Columbia: Missouri Archaeological Society.

Behbehani, A. M. 1983. “The Smallpox Story: Life and Death of an Old
Disease.” Microbiological Reviews 47, no. 4: 455-509. https://doi.org/10.
1128/mmbr.47.4.455-509.1983.

Bertilsson, C., L. Nylund, M. Vretemark, and P. Lingstrom. 2021. “Dental
Markers of Biocultural Sex Differences in an Early Modern Population
From Gothenburg, Sweden: Caries and Other Oral Pathologies.” BMC
Oral Health 21: 304. https://doi.org/10.1186/s12903-021-01667-0.

Bos, K. L., A. Herbig, J. Sahl, et al. 2016. “Eighteenth Century Yersinia
pestis Genomes Reveal the Long-Term Persistence of an Historical
Plague Focus.” eLife 5: €12994. https://doi.org/10.7554/eLife.12994.001.

Bos, K. I., V. J. Schuenemann, G. B. Golding, et al. 2011. “A Draft
Genome of Yersinia pestis From Victims of the Black Death.” Nature
478, no. 7370: 506-510. https://doi.org/10.1038/nature10549.

Bowsher, D. 2007. The London Guildhall: An Archaeological History of
a Neighbourhood From Early Medieval to Modern Times. Museum of
London Archaeology Service.

Bramanti, B., N. Zedda, N. Rinaldo, and E. Gualdi-Russo. 2018.
“A Critical Review of Anthropological Studies on Skeletons From
European Plague Pits of Different Epochs.” Scientific Reports 8, no. 1:
17655. https://doi.org/10.1038/s41598-018-36201-w.

Brennan, E. J., and S. N. DeWitte. 2022. “Sexual Stature Difference
Fluctuations in Pre-And Post-Black Death London as an Indicator of
Living Standards.” American Journal of Human Biology 34, no. 10:
€23783. https://doi.org/10.1002/ajhb.23783.

Brooks, S., and J. M. Suchey. 1990. “Skeletal Age Determination Based
on the Os Pubis: A Comparison of the Acsddi-Nemeskéri and Suchey-
Brooks Methods.” Journal of Human Evolution 5: 227-238. https://doi.
org/10.1007/BF02437238.

Brothwell, D. R. 1981. Digging Up Bones: The Excavation, Treatment,
and Study of Human Skeletal Remains. Cornell University Press.

Buikstra, J. E.,and D. H. Ubelaker. 1994. “Standards For Data Collection
From Human Skeletal Remains. Arkansas Archaeological Survey
Research Series No. 44, Fayetteville, Arkansas.”

Biintgen, U., W. Tegel, K. Nicolussi, et al. 2011. “2500 Years of European
Climate Variability and Human Susceptibility.” Science 331, no. 6017:
578-582. https://doi.org/10.1126/science.1197175.

Campbell, B. M. S. 2016. The Great Transition: Climate, Disease and
Society in the Late-Medieval World. Cambridge University Press. https://
doi.org/10.1017/CB09781139031110.

Cohn, S. K. 2008. “Epidemiology of the Black Death and Successive
Waves of Plague.” Medical History 52, no. 27: 74-100. https://doi.org/10.
1017/s0025727300072100.

Conferees, B. 1983. “The Relationship of Nutrition, Disease, and Social
Conditions: A Graphical Presentation.” Journal of Interdisciplinary
History 14, no. 2: 503-506. https://doi.org/10.2307/203718.

DeWitte, S., and S. Yaussy. 2017. “Femur Length and Famine Mortality
in Medieval London.” Bioarchaeology International 1, no. 3-4: 171-182.
https://doi.org/10.5744/bi.2017.1009.

DeWitte, S., and S. Yaussy. 2019. “Sex Differences in Adult Famine
Mortality in Medieval London.” American Journal of Physical
Anthropology 171, no. 1: 164-169. https://doi.org/10.1002/ajpa.23930.

DeWitte, S. N. 2009. “The Effect of Sex on Risk of Mortality During
the Black Death in London, A.D. 1349-1350.” American Journal of
Physical Anthropology 139, no. 2: 222-234. https://doi.org/10.1002/
ajpa.20974.

DeWitte, S. N. 2010. “Age Patterns of Mortality During the Black Death
in London, A.D. 1349-1350.” Journal of Archaeological Science 37, no.
12: 3394-3400. https://doi.org/10.1016/j.jas.2010.08.006.

DeWitte, S. N. 2014. “Mortality Risk and Survival in the Aftermath of
the Medieval Black Death.” PLoS One 9, no. 5: 1-8. https://doi.org/10.
1371/journal.pone.0096513.

DeWitte, S. N. 2015. “Setting the Stage for Medieval Plague: Pre-Black
Death Trends in Survival and Mortality.” American Journal of Physical
Anthropology 158, no. 3: 441-445. https://doi.org/10.1002/ajpa.22806.

11 of 15


https://www.museumoflondon.org.uk/collections/other-collection-databases-and-libraries/centre-human-bioarchaeology/osteological-database
https://www.museumoflondon.org.uk/collections/other-collection-databases-and-libraries/centre-human-bioarchaeology/osteological-database
https://www.museumoflondon.org.uk/collections/other-collection-databases-and-libraries/centre-human-bioarchaeology/osteological-database
https://doi.org/10.1002/ajpa.1330950405
https://doi.org/10.1002/ajpa.20032
https://doi.org/10.1002/ajpa.20032
https://doi.org/10.2307/634024
https://doi.org/10.2307/634024
https://doi.org/10.1128/mmbr.47.4.455-509.1983
https://doi.org/10.1128/mmbr.47.4.455-509.1983
https://doi.org/10.1186/s12903-021-01667-0
https://doi.org/10.7554/eLife.12994.001
https://doi.org/10.1038/nature10549
https://doi.org/10.1038/s41598-018-36201-w
https://doi.org/10.1002/ajhb.23783
https://doi.org/10.1007/BF02437238
https://doi.org/10.1007/BF02437238
https://doi.org/10.1126/science.1197175
https://doi.org/10.1017/CBO9781139031110
https://doi.org/10.1017/CBO9781139031110
https://doi.org/10.1017/s0025727300072100
https://doi.org/10.1017/s0025727300072100
https://doi.org/10.2307/203718
https://doi.org/10.5744/bi.2017.1009
https://doi.org/10.1002/ajpa.23930
https://doi.org/10.1002/ajpa.20974
https://doi.org/10.1002/ajpa.20974
https://doi.org/10.1016/j.jas.2010.08.006
https://doi.org/10.1371/journal.pone.0096513
https://doi.org/10.1371/journal.pone.0096513
https://doi.org/10.1002/ajpa.22806

DeWitte, S. N. 2017. “Sex and Frailty in Medieval Europe: Patterns
From Catastrophic and Attritional Assemblages in Medieval Europe.”
In Exploring Sex and Gender in Bioarchaeology, edited by S. Agarwal
and J. Wesp, 189-222. University of New Mexico Press.

DeWitte, S. N. 2018. “Stress, Sex, and Plague: Patterns of Developmental
Stress and Survival in Pre- and Post-Black Death London.” American
Journal of Human Biology: The Official Journal of the Human Biology
Council 30, no. 1: €23073. https://doi.org/10.1002/ajhb.23073.

DeWitte, S. N., and J. Bekvalac. 2010. “Oral Health and Frailty in the
Medieval English Cemetery of St Mary Graces.” American Journal of
Physical Anthropology 142, no. 3: 341-354. https://doi.org/10.1002/ajpa.
21228.

DeWitte, S. N., and G. Hughes-Morey. 2012. “Stature and Frailty During
the Black Death: The Effect of Stature on Risks of Epidemic Mortality
in London, A.D. 1348-1350.” Journal of Archaeological Science 39, no. 5:
1412-1419. https://doi.org/10.1016/j.jas.2012.01.019.

DeWitte, S. N.,and P. Slavin. 2013. “Between Famine and Death: England
on the Eve of the Black Death — Evidence From Paleoepidemiology
and Manorial Accounts.” Journal of Interdisciplinary History 44: 37-60.
https://doi.org/10.1162/JINH_a_00500.

DeWitte, S. N., and J. W. Wood. 2008. “Selectivity of Black Death
Mortality With Respect to Preexisting Health.” Proceedings of the
National Academy of Sciences of The United States of America 105, no. 5:
1436-1441. https://doi.org/10.1073/pnas.0705460105.

Dobner, J., and S. Kaser. 2018. “Body Mass Index and the Risk of
Infection - From Underweight to Obesity.” Clinical Microbiology and
Infection: The Official Publication of the European Society of Clinical
Microbiology and Infectious Diseases 24, no. 1: 24-28. https://doi.org/10.
1016/j.cmi.2017.02.013.

Donoghue, H. D., A. Marcsik, C. Matheson, et al. 2005. “Co-Infection
of Mycobacterium tuberculosis and Mycobacterium leprae in Human
Archaeological Samples: A Possible Explanation for the Historical
Decline of Leprosy.” Proceedings of the Royal Society B: Biological
Sciences 272, mno. 1561: 389-394. https://doi.org/10.1098/rspb.
2004.2966.

Duncan, C. J., and S. Scott. 2005. “What Caused the Black Death?”
Postgraduate Medical Journal 81, no. 955: 315-320. https://doi.org/10.
1136/pgmj.2004.024075.

Dyer, C. 2005. An Age of Transition? Economy and Society in England in
the Later Middle Ages. Oxford University Press, UK.

Elliott, M., H. Kurki, D. A. Weston, and M. Collard. 2014. “Estimating
Fossil Hominin Body Mass From Cranial Variables: An Assessment
Using CT Data From Modern Humans of Known Body Mass.” American
Journal of Physical Anthropology 154, no. 2: 201-214. https://doi.org/10.
1002/ajpa.22493.

Ferembach, D.,I. Schwindezky,and M. Stoukal. 1980. “Recommendation
for Age and Sex Diagnoses of Skeletons.” Journal of Human Evolution 9,
no. 7: 517-549. https://doi.org/10.1016/0047-2484(80)90061-5.

Giannecchini, M., and J. Moggi-Cecchi. 2008. “Stature in Archeological
Samples From Central Italy: Methodological Issues and Diachronic
Changes.” American Journal of Physical Anthropology 135, no. 3: 284-
292. https://doi.org/10.1002/ajpa.20742.

Gilchrist, R., and B. Sloane. 2006. “Medieval Monastic Cemeteries of
Britain (1050-1600): A Digital Resource And Database of Excavated
Samples [Data Set].” Archaeology Data Service. https://doi.org/10.5284/
1000273.

Giuffra, V., S. Giusiani, A. Fornaciari, N. Villari, A. Vitiello, and G.
Fornaciari. 2010. “Diffuse Idiopathic Skeletal Hyperostosis in the
Medici, Grand Dukes of Florence (XVI Century).” European Spine
Journal: Official Publication of the European Spine Society, the European
Spinal Deformity Society, and the European Section of the Cervical Spine
Research Society 19 Suppl 2, no. Suppl 2: S103-S107. https://doi.org/10.
1007/s00586-009-1125-3.

Godde, K., V. Pasillas, and A. Sanchez. 2020. “Survival Analysis of the
Black Death: Social Inequality of Women and the Perils of Life and Death
in Medieval London.” American Journal of Biological Anthropology 173,
no. 1: 168-178. https://doi.org/10.1002/ajpa.24081.

Grainger, I., D. Hawkins, L. Cowal, and R. Mikulski. 2008. The Black
Death Cemetery, East Smithfield, 43. Museum of London Archaeology
Service, Monograph.

Grainger, I., D. Hawkins, P. Falcini, and P.J. E. Mills. 1988. “Excavations
at the Royal Mint Site 1986-88.” London Archaeologist 5, no. 16: 429-
436. https://doi.org/10.5284/1070759.

Grainger, 1., and C. Phillpotts. 2011. The Cistercian Abbey of St Mary
Graces, East Smithfield, London. Museum of London Archaeology
Service, Monograph 44. Museum of London Archaeology.

Grine, F. E., W. L. Jungers, P. V. Tobias, and O. M. Pearson. 1995. “Fossil
Homo Femur From Berg Aukas, Northern Namibia.” American Journal
of Physical Anthropology 97, no. 2: 151-185. https://doi.org/10.1002/ajpa.
1330970207.

Guellil, M., N. Rinaldo, N. Zedda, et al. 2021. “Bioarchaeological
Insights Into the Last Plague of Imola (1630-1632).” Scientific Reports
11, no. 1: 22253. https://doi.org/10.1038/s41598-021-98214-2.

Haensch, S., R. Bianucci, M. Signoli, et al. 2010. “Distinct Clones of
Yersinia pestis Caused the Black Death.” PLoS Pathogens 6, no. 10:
€1001134. https://doi.org/10.1371/journal.ppat.1001134.

Hawkins, D. 1990. “The Black Death and the New London Cemeteries
of 1348.” Antiquity 64, no. 244: 637-642. https://doi.org/10.1017/S0003
598X0007856X.

Houghton, P. 1991. “Selective Influences and Morphological Variation
Amongst Pacific Homo sapiens.” Journal of Human Evolution 21, no. 1:
49-59. https://doi.org/10.1016/0047-2484(91)90035-T.

Ibrahim, M. K., M. Zambruni, C. L. Melby, and P. C. Melby. 2017.
“Impact of Childhood Malnutrition on Host Defense and Infection.”
Clinical Microbiology Reviews 30, no. 4: 919-971. https://doi.org/10.
1128/CMR.00119-16.

Iscan, M. Y., S. R. Loth, and R. K. Wright. 1984. “Age Estimation From
the Rib by Phase Analysis: White Males.” Journal of Forensic Sciences
29, no. 4:1094-1104.

Iscan, M. Y, S. R. Loth, and R. K. Wright. 1985. “Age Estimation From
the Rib by Phase Analysis: White Females.” Journal of Forensic Sciences
30, no. 3: 853-863.

James, P. T. 2004. “Obesity: The Worldwide Epidemic.” Clinics in
Dermatology 22, no. 4: 276-280. https://doi.org/10.1016/j.clindermatol.
2004.01.010.

Jiang, L., W. Tian, Y. Wang, et al. 2012. “Body Mass Index And
Susceptibility To Knee Osteoarthritis: A Systematic Review And Meta-
Analysis.” Joint Bone Spine 79, no. 3: 291-297. https://doi.org/10.1016/j.
jbspin.2011.05.015.

Katona, P., and J. Katona-Apte. 2008. “The Interaction Between
Nutrition and Infection.” Clinical Infectious Diseases: An Official
Publication of the Infectious Diseases Society of America 46, no. 10: 1582-
1588. https://doi.org/10.1086/587658.

Keisu, A., P. Oura, M. Niskanen, et al. 2019. “The Association Between
Knee Breadth and Body Mass: The Northern Finland Birth Cohort 1966
Case Study.” American Journal of Biological Anthropology 170, no. 2:
196-206. https://doi.org/10.1002/ajpa.23905.

Krawinkel, M. B. 2012. “Interaction of Nutrition and Infections
Globally: An Overview.” Annals of Nutrition & Metabolism 61, no. 1:
39-45. https://doi.org/10.1159/000345162.

Kueper, J., S. Beyth, M. Liebergall, L. Kaplan, and J. E. Schroeder. 2015.
“Evidence for the Adverse Effect of Starvation on Bone Quality: A
Review of the Literature.” International Journal of Endocrinology 2015:
628740. https://doi.org/10.1155/2015/628740.

12 of 15

American Journal of Biological Anthropology, 2025


https://doi.org/10.1002/ajhb.23073
https://doi.org/10.1002/ajpa.21228
https://doi.org/10.1002/ajpa.21228
https://doi.org/10.1016/j.jas.2012.01.019
https://doi.org/10.1162/JINH_a_00500
https://doi.org/10.1073/pnas.0705460105
https://doi.org/10.1016/j.cmi.2017.02.013
https://doi.org/10.1016/j.cmi.2017.02.013
https://doi.org/10.1098/rspb.2004.2966
https://doi.org/10.1098/rspb.2004.2966
https://doi.org/10.1136/pgmj.2004.024075
https://doi.org/10.1136/pgmj.2004.024075
https://doi.org/10.1002/ajpa.22493
https://doi.org/10.1002/ajpa.22493
https://doi.org/10.1016/0047-2484(80)90061-5
https://doi.org/10.1002/ajpa.20742
https://doi.org/10.5284/1000273
https://doi.org/10.5284/1000273
https://doi.org/10.1007/s00586-009-1125-3
https://doi.org/10.1007/s00586-009-1125-3
https://doi.org/10.1002/ajpa.24081
https://doi.org/10.5284/1070759
https://doi.org/10.1002/ajpa.1330970207
https://doi.org/10.1002/ajpa.1330970207
https://doi.org/10.1038/s41598-021-98214-2
https://doi.org/10.1371/journal.ppat.1001134
https://doi.org/10.1017/S0003598X0007856X
https://doi.org/10.1017/S0003598X0007856X
https://doi.org/10.1016/0047-2484(91)90035-T
https://doi.org/10.1128/CMR.00119-16
https://doi.org/10.1128/CMR.00119-16
https://doi.org/10.1016/j.clindermatol.2004.01.010
https://doi.org/10.1016/j.clindermatol.2004.01.010
https://doi.org/10.1016/j.jbspin.2011.05.015
https://doi.org/10.1016/j.jbspin.2011.05.015
https://doi.org/10.1086/587658
https://doi.org/10.1002/ajpa.23905
https://doi.org/10.1159/000345162
https://doi.org/10.1155/2015/628740

Lacoste Jeanson, A., F. Santos, C. Villa, J. Dupej, N. Lynnerup, and J.
Brizek. 2017. “Body Mass Estimation From the Skeleton: An Evaluation
of 11 Methods.” Forensic Science International 281: 183.e1-183.e8.
https://doi.org/10.1016/j.forsciint.2017.10.026.

Lee, M. R. 2009. “The History of Ergot of Rye (Claviceps Purpurea) I:
From Antiquity to 1900.” Journal of the Royal College of Physicians of
Edinburgh 39, no. 2: 179-184.

Lieberman, D. E., M. J. Devlin, and O. M. Pearson. 2001. “Articular
Area Responses to Mechanical Loading: Effects of Exercise, Age, and
Skeletal Location.” American Journal of Physical Anthropology 116, no.
4:266-277. https://doi.org/10.1002/ajpa.1123.

Lorkiewicz-Muszynska, D., A. Przystaniska, W. Kociemba, et al. 2013.
“Body Mass Estimation in Modern Population Using Anthropometric
Measurements From Computed Tomography.” Forensic Science
International 231, no. 1-3: 405.e1-405.e6. https://doi.org/10.1016/j.forsc
iint.2013.05.017.

Lovejoy, C. O., R. S. Meindl, T. R. Pryzbeck, and R. P. Mensforth. 1985.
“Chronological Metamorphosis of the Auricular Surface of the Ilium:
A New Method for the Determination of Adult Skeletal Age at Death.”
American Journal of Physical Anthropology 68, no. 1: 15-28. https://doi.
org/10.1002/ajpa.1330680103.

Manchester, K. 1984. “Tuberculosis and Leprosy in Antiquity: An
Interpretation.” Medical History 28, no. 2: 162-173. https://doi.org/10.
1017/S0025727300035705.

McClearn, G. E. 2004. “Nature and Nurture: Interaction and Coaction.”
AmericanJournal of Medical Genetics. Part B, Neuropsychiatric Genetics:
The Official Publication of the International Society of Psychiatric
Genetics 124B, no. 1: 124-130. https://doi.org/10.1002/ajmg.b.20044.

McHenry, H. M. 1992. “Body Size and Proportions in Early Hominids.”
American Journal of Biological Anthropology 87, no. 4: 407-431. https://
doi.org/10.1002/ajpa.1330870404.

Meinl, A., G. M. Rottensteiner, C. D. Huber, S. Tangl, G. Watzak, and G.
Watzek. 2010. “Caries Frequency and Distribution in an Early Medieval
Avar Population From Austria.” Oral Diseases 16, no. 1: 108-116. https://
doi.org/10.1111/j.1601-0825.2009.01624.x.

Mercer, A. 2021. “Protection Against Severe Infectious Disease in the
Past.” Pathogens and Global Health 115, no. 3: 151-167. https://doi.org/
10.1080/20477724.2021.1878443.

Miller, P., and D. Saxby. 2007. The Augustinian Priory of St. Mary Merton,
Surrey: Excavations 1976-90, 34. Museum of London Archaeology
Services, MOLAS Monograph.

Mongillo, J., G. Vescovo, and B. Bramanti. 2021. “Belly Fat or Bloating?
New Insights Into the Physical Appearance of St Anthony of Padua.” PLoS
One 16, no. 12: €0260505. https://doi.org/10.1371/journal.pone.0260505.

Moore, S. E. 2016. “Early Life Nutritional Programming of Health and
Disease in The Gambia.” Journal of Developmental Origins of Health and
Disease 7, no. 2: 123-131. https://doi.org/10.1017/S2040174415007199.

Moore, S. E., T. J. Cole, A. C. Collinson, E. M. Poskitt, I. A. McGregor,
and A. M. Prentice. 1999. “Prenatal or Early Postnatal Events Predict
Infectious Deaths in Young Adulthood in Rural Africa.” International
Journal of Epidemiology 28, no. 6: 1088-1095. https://doi.org/10.1093/
ije/28.6.1088.

Namouchi, A., M. Guellil, O. Kersten, et al. 2018. “Integrative Approach
Using Yersinia pestis Genomes to Revisit the Historical Landscape
of Plague During the Medieval Period.” Proceedings of the National
Academy of Sciences of The United States of America 115, no. 50:
E11790-E11797. https://doi.org/10.1073/pnas.1812865115.

Nightingale, P. 2005. “Some New Evidence of Crises and Trends of
Mortality in Late Medieval England.” Past Present 187, no. 1: 33-68.
https://doi.org/10.1093/pastj/gti009.

Niskanen, M., J. A. Junno, H. Maijanen, B. Holt, V. Sladék, and M.
Berner. 2018. “Can We Refine Body Mass Estimations Based on Femoral

Head Breadth?” Journal of Human Evolution 115: 112-121. https://doi.
0rg/10.1016/j.jhevol.2017.10.015.

Oreskovic, N. M., K. A. Kuhlthau, D. Room, and J. M. Perrin. 2009.
“Built Environment and Weight Disparities Among Children in High-
and Low-Income Towns.” Academic Pediatrics 9, no. 5: 315-321. https://
doi.org/10.1016/j.acap.2009.02.009.

Pearson, K. 1899. “IV. Mathematical Contributions to the Theory of
Evolution. V. On the Reconstruction of the Stature of Prehistoric Races.
Philosophical Transactions of the Royal Society of London.” Series A,
Containing Papers of a Mathematical or Physical Character 192: 169-
244. https://doi.org/10.1098/rsta.1899.0004.

Phenice, T. W. 1969. “A Newly Developed Visual Method of Sexing the
Os Pubis.” American Journal of Biological Anthropology 30, no. 2: 297-
301. https://doi.org/10.1002/ajpa.1330300214.

Poos, L. R. 1991. “A Rural Society After the Black Death: Essex 1350-1525.”
In Cambridge Studies in Population, Economy and Society in Past Time.
Cambridge University Press. https://doi.org/10.1017/CB09780511522437.

Powers, N. 2012. “Human Osteology Method Statement, Museum of
London Archaeology.” Accessed March 27, 2023. https://www.museu
moflondon.org.uk/application/files/4814/5633/5269/osteology-method-
statement-revised-2012.pdf.

Rani, D, K. Krishan, A. Kumar, and T. Kanchan. 2021. “Assessment of Body
Weight From Percutaneous Widths of the Bones and Joints-Implications
in Forensic and Clinical Examinations.” Acta Bio-Medica: Atenei Parmensis
92, no. 3: €2021225. https://doi.org/10.23750/abm.v92i3.10274.

Redfern, R., and J. T. Hefner. 2019. “‘Officially Absent but Actually
Present: Bioarchaeological Evidence for Population Diversity in
London During the Black Death, AD 1348-50.” In Bioarchaeology of
Marginalized People, edited by M. L. Mant and A. J. Holland, 69-114.
Academic Press.

Reyes, C., K. M. Leyland, G. Peat, C. Cooper, N. K. Arden, and D. Prieto-
Alhambra. 2016. “Association Between Overweight and Obesity and
Risk of Clinically Diagnosed Knee, Hip, and Hand Osteoarthritis: A
Population-Based Cohort Study.” Arthritis & Rheumatology (Hoboken,
N.J.) 68, no. 8: 1869-1875. https://doi.org/10.1002/art.39707.

Ruff, C. B. 2000. “Body Mass Prediction From Skeletal Frame Size
in Elite Athletes.” American Journal of Physical Anthropology 113, no.
4: 507-517. https://doi.org/10.1002/1096-8644(200012)113:4(507::AID-
AJPA5)3.0.CO;2-F.

Ruff, C. B. 2002. “Long Bone Articular and Diaphyseal Structure in Old
World Monkeys and Apes. I: Locomotor Effects.” American Journal of
Physical Anthropology 119, no. 4: 305-342. https://doi.org/10.1002/ajpa.
10117.

Ruff, C. B., M. L. Burgess, N. Squyres, J. A. Junno, and E. Trinkaus.
2018. “Lower Limb Articular Scaling and Body Mass Estimation in
Pliocene and Pleistocene Hominins.” Journal of Human Evolution 115:
85-111. https://doi.org/10.1016/j.jhevol.2017.10.014.

Ruff, C. B., B. M. Holt, M. Niskanen, et al. 2012. “Stature and Body
Mass Estimation From Skeletal Remains in the European Holocene.”
American Journal of Physical Anthropology 148, no. 4: 601-617. https://
doi.org/10.1002/ajpa.22087.

Ruff, C. B., M. Niskanen, J. A. Junno, and P. Jamison. 2005. “Body Mass
Prediction From Stature and Bi-Iliac Breadth in Two High Latitude
Populations, With Application to Earlier Higher Latitude Humans.”
Journal of Human Evolution 48, no. 4: 381-392. https://doi.org/10.
1016/j.,jhevol.2004.11.009.

Ruff, C. B.,, W. W. Scott,and A. Y. C. Liu. 1991. “Articular and Diaphyseal
Remodeling of the Proximal Femur With Changes in Body Mass in
Adults.” American Journal of Physical Anthropology 86, no. 3: 397-413.
https://doi.org/10.1002/ajpa.1330860306.

13 0of 15


https://doi.org/10.1016/j.forsciint.2017.10.026
https://doi.org/10.1002/ajpa.1123
https://doi.org/10.1016/j.forsciint.2013.05.017
https://doi.org/10.1016/j.forsciint.2013.05.017
https://doi.org/10.1002/ajpa.1330680103
https://doi.org/10.1002/ajpa.1330680103
https://doi.org/10.1017/S0025727300035705
https://doi.org/10.1017/S0025727300035705
https://doi.org/10.1002/ajmg.b.20044
https://doi.org/10.1002/ajpa.1330870404
https://doi.org/10.1002/ajpa.1330870404
https://doi.org/10.1111/j.1601-0825.2009.01624.x
https://doi.org/10.1111/j.1601-0825.2009.01624.x
https://doi.org/10.1080/20477724.2021.1878443
https://doi.org/10.1080/20477724.2021.1878443
https://doi.org/10.1371/journal.pone.0260505
https://doi.org/10.1017/S2040174415007199
https://doi.org/10.1093/ije/28.6.1088
https://doi.org/10.1093/ije/28.6.1088
https://doi.org/10.1073/pnas.1812865115
https://doi.org/10.1093/pastj/gti009
https://doi.org/10.1016/j.jhevol.2017.10.015
https://doi.org/10.1016/j.jhevol.2017.10.015
https://doi.org/10.1016/j.acap.2009.02.009
https://doi.org/10.1016/j.acap.2009.02.009
https://doi.org/10.1098/rsta.1899.0004
https://doi.org/10.1002/ajpa.1330300214
https://doi.org/10.1017/CBO9780511522437
https://www.museumoflondon.org.uk/application/files/4814/5633/5269/osteology-method-statement-revised-2012.pdf
https://www.museumoflondon.org.uk/application/files/4814/5633/5269/osteology-method-statement-revised-2012.pdf
https://www.museumoflondon.org.uk/application/files/4814/5633/5269/osteology-method-statement-revised-2012.pdf
https://doi.org/10.23750/abm.v92i3.10274
https://doi.org/10.1002/art.39707
https://doi.org/10.1002/1096-8644(200012)113:4%e2%8c%a9507::AID-AJPA5%e2%8c%aa3.0.CO;2-F
https://doi.org/10.1002/1096-8644(200012)113:4%e2%8c%a9507::AID-AJPA5%e2%8c%aa3.0.CO;2-F
https://doi.org/10.1002/ajpa.10117
https://doi.org/10.1002/ajpa.10117
https://doi.org/10.1016/j.jhevol.2017.10.014
https://doi.org/10.1002/ajpa.22087
https://doi.org/10.1002/ajpa.22087
https://doi.org/10.1016/j.jhevol.2004.11.009
https://doi.org/10.1016/j.jhevol.2004.11.009
https://doi.org/10.1002/ajpa.1330860306

Russell, J. C. 1966. “Effects of Pestilence and Plague, 1315-1385.”
Comparative Studies in Society and History 8, no. 4: 464-473. https://
doi.org/10.1017/S0010417500004230.

Schneider, E. B. 2022. “The Effect of Nutritional Status on Historical
Infectious Disease Morbidity: Evidence From the London Foundling
Hospital, 1892-1919.” History of the Family 28, no. 2: 198-228. https://
doi.org/10.1080/1081602X.2021.2007499.

Schuenemann, V. J., K. Bos, S. N. DeWitte, et al. 2011. “Targeted
Enrichment of Ancient Pathogens Yielding the pPCP1 Plasmid of
Yersinia pestis From Victims of the Black Death.” Proceedings of the
National Academy of Sciences of The United States of America 108, no.
38: E746-E752. https://doi.org/10.1073/pnas.1105107108.

Schug, G. R., and H. M. Goldman. 2014. “Birth Is but Our Death Begun:
A Bioarchaeological Assessment of Skeletal Emaciation in Immature
Human Skeletons in the Context of Environmental, Social, and
Subsistence Transition.” American Journal of Physical Anthropology
155, no. 2: 243-259. https://doi.org/10.1002/ajpa.22536.

Seeman, E. 2001. “Sexual Dimorphism in Skeletal Size, Density, and
Strength.” Journal of Clinical Endocrinology and Metabolism 86, no. 10:
4576-4584. https://doi.org/10.1210/jcem.86.10.7960.

Siegmund, F., and C. Papageorgopoulou. 2011. “Body Mass and
Body Mass Index Estimation in Medieval Switzerland.” Bulletin Der
Schweizerischen Gesellschaft fiir Anthropologie 17, no. 1-2: 35-44.

Serensen, T. I. A., P. Frederiksen, and B. L. Heitmann. 2020. “Levels
and Changes in Body Mass Index Decomposed Into Fat and Fat-Free
Mass Index: Relation to Long-Term All-Cause Mortality in the General
Population.” International Journal of Obesity 44, no. 10: 2092-2100.
https://doi.org/10.1038/s41366-020-0613-8.

Spyrou, M. A., L. Musralina, G. A. Gnecchi Ruscone, et al. 2022. “The
Source of the Black Death in Fourteenth-Century Central Eurasia.”
Nature 606, no. 7915: 718-724. https://doi.org/10.1038/s41586-022-
04800-3.

Spyrou, M. A., R. I. Tukhbatova, M. Feldman, et al. 2016. “Historical
Y. pestis Genomes Reveal the European Black Death as the Source of
Ancient and Modern Plague Pandemics.” Cell Host & Microbe 19, no. 6:
874-881. https://doi.org/10.1016/j.chom.2016.05.012.

Squyres, N., and C. B. Ruff. 2015. “Body Mass Estimation From Knee
Breadth, With Application to Early Hominins.” American Journal of
Physical Anthropology 158, no. 2: 198-208. https://doi.org/10.1002/ajpa.
22789.

Sternbach, G. 2003. “The History of Anthrax.” Journal of Emergency
Medicine 24, no. 4: 463-467. https://doi.org/10.1016/S0736-4679(03)
00079-9.

Stothers, R. B. 2000. “Climatic and Demographic Consequences of
the Massive Volcanic Eruption of 1258.” Climatic Change 45: 361-374.
https://doi.org/10.1023/A:1005523330643.

Temple, D. H., V. 1. Bazaliiskii, O. I. Goriunova, and A. W. Weber.
2014. “Skeletal Growth in Early and Late Neolithic Foragers From the
Cis-Baikal Region of Eastern Siberia.” American Journal of Physical
Anthropology 153, no. 3: 377-386. https://doi.org/10.1002/ajpa.22436.

Trinkaus, E., and C. B. Ruff. 2012. “Femoral and Tibial Diaphyseal
Cross-Sectional Geometry in Pleistocene Homo.” PaleoAnthropology
2012:13-62.

Trotter, M., and G. Gleser. 1951. “The Effect of Ageing on Stature.”
American Journal of Physical Anthropology 9, no. 3: 311-324. https://doi.
org/10.1002/ajpa.1330090307.

Trotter, M., and G. C. Gleser. 1952. “Estimation of Stature From Long
Bones of American Whites and Negroes.” American Journal of Physical
Anthropology 10, no. 4: 463-514. https://doi.org/10.1002/ajpa.13301
00407.

Trotter, M., and G. C. Gleser. 1958. “A Re-Evaluation of Estimation of
Stature Based on Measurements of Stature Taken During Life and of
Long Bones After Death.” American Journal of Physical Anthropology
16, no. 1: 79-123. https://doi.org/10.1002/ajpa.1330160106.

Trotter, M., and G. C. Gleser. 1977. “Corrigenda to “Estimation of
Stature From Long Limb Bones of American Whites and Negroes,”
American Journal Physical Anthropology (1952).” American Journal of
Physical Anthropology 47, no. 2: 355-356. https://doi.org/10.1002/ajpa.
1330470216.

Vilcins, D., P. D. Sly, and P. Jagals. 2018. “Environmental Risk Factors
Associated With Child Stunting: A Systematic Review of the Literature.”
Annals of Global Health 84, no. 4: 551-562. https://doi.org/10.9204/
aogh.2361.

Wallace, I. J., S. Worthington, D. T. Felson, et al. 2017. “Knee
Osteoarthritis Has Doubled in Prevalence Since the Mid-20th Century.”
Proceedings of the National Academy of Sciences of The United States
of America 114, no. 35: 9332-9336. https://doi.org/10.1073/pnas.17038
56114.

Walter, B. S., S. N. DeWitte, and R. C. Redfern. 2016. “Sex Differentials
in Caries Frequencies in Medieval London.” Archives of Oral Biology 63:
32-39. https://doi.org/10.1016/j.archoralbio.2015.11.024.

Weiss, E. 2007. “Muscle Markers Revisited: Activity Pattern
Reconstruction With Controls in a Central California Amerind
Population.” American Journal of Physical Anthropology 133, no. 3: 931-
940. https://doi.org/10.1002/ajpa.20607.

Wells, J. C. K. 2007. “Sexual Dimorphism of Body Composition.” Best
Practice & Research Clinical Endocrinology & Metabolism 21, no. 3: 415-
430. https://doi.org/10.1016/j.beem.2007.04.007.

Wells, J. C. K. 2012a. “Ecogeographical Associations Between Climate
and Human Body Composition: Analyses Based on Anthropometry
and Skinfolds.” American Journal of Physical Anthropology 147, no. 2:
169-186. https://doi.org/10.1002/ajpa.21591.

Wells, J. C. K. 2012b. “Sexual Dimorphism in Body Composition Across
Human Populations: Associations With Climate and Proxies for Short-
and Long-Term Energy Supply.” American Journal of Human Biology
24, no. 4: 411-419. https://doi.org/10.1002/ajhb.22223.

Wells, J. C. K., and T. J. Cole. 2002. “Birth Weight and Environmental
Heat Load: A Between-Population Analysis.” American Journal of
Physical Anthropology 119, no. 3: 276-282. https://doi.org/10.1002/ajpa.
10137.

Wells, J. C. K., and M. Cortina-Borja. 2013. “Different Associations of
Subscapular and Triceps Skinfold Thicknesses With Pathogen Load: An
Ecogeographical Analysis.” American Journal of Human Biology 25, no.
5: 594-605. https://doi.org/10.1002/ajhb.22418.

Wood, J. W., R. J. Ferrell, and S. N. Dewitte-Avifia. 2003. “The Temporal
Dynamics of the Fourteenth-Century Black Death: New Evidence From
English Ecclesiastical Records.” Human Biology 75, no. 4: 427-448.
https://doi.org/10.1353/hub.2003.0067.

Wray, S. K. 2005. “Ole J. Benedictow. The Black Death, 1346-1353:
The Complete History. Woodbridge, Suffolk, United Kingdom, Boydell
Press, 2004. Xvi, 433 Pp., Illus. (No Price Given).” Journal of the History
of Medicine and Allied Sciences 60, no. 4: 514-516. https://doi.org/10.
1093/jhmas/jri064.

Wu, Y., D. Li, and S. H. Vermund. 2024. “Advantages and Limitations
of the Body Mass Index (BMI) to Assess Adult Obesity.” International
Journal of Environmental Research and Public Health 21, no. 6: 757.
https://doi.org/10.3390/ijerph21060757.

Yang, F., Y. Yang, L. Zeng, Y. Chen, and G. Zeng. 2021. “Nutrition
Metabolism and Infections.” Infectious Microbes & Diseases 3, no. 3:
134-141. https://doi.org/10.1097/IM9.0000000000000061.

Yaussy, S., and S. DeWitte. 2019. “Calculus and Survivorship in Medieval
London: The Association Between Dental Disease and a Demographic

14 of 15

American Journal of Biological Anthropology, 2025


https://doi.org/10.1017/S0010417500004230
https://doi.org/10.1017/S0010417500004230
https://doi.org/10.1080/1081602X.2021.2007499
https://doi.org/10.1080/1081602X.2021.2007499
https://doi.org/10.1073/pnas.1105107108
https://doi.org/10.1002/ajpa.22536
https://doi.org/10.1210/jcem.86.10.7960
https://doi.org/10.1038/s41366-020-0613-8
https://doi.org/10.1038/s41586-022-04800-3
https://doi.org/10.1038/s41586-022-04800-3
https://doi.org/10.1016/j.chom.2016.05.012
https://doi.org/10.1002/ajpa.22789
https://doi.org/10.1002/ajpa.22789
https://doi.org/10.1016/S0736-4679(03)00079-9
https://doi.org/10.1016/S0736-4679(03)00079-9
https://doi.org/10.1023/A:1005523330643
https://doi.org/10.1002/ajpa.22436
https://doi.org/10.1002/ajpa.1330090307
https://doi.org/10.1002/ajpa.1330090307
https://doi.org/10.1002/ajpa.1330100407
https://doi.org/10.1002/ajpa.1330100407
https://doi.org/10.1002/ajpa.1330160106
https://doi.org/10.1002/ajpa.1330470216
https://doi.org/10.1002/ajpa.1330470216
https://doi.org/10.9204/aogh.2361
https://doi.org/10.9204/aogh.2361
https://doi.org/10.1073/pnas.1703856114
https://doi.org/10.1073/pnas.1703856114
https://doi.org/10.1016/j.archoralbio.2015.11.024
https://doi.org/10.1002/ajpa.20607
https://doi.org/10.1016/j.beem.2007.04.007
https://doi.org/10.1002/ajpa.21591
https://doi.org/10.1002/ajhb.22223
https://doi.org/10.1002/ajpa.10137
https://doi.org/10.1002/ajpa.10137
https://doi.org/10.1002/ajhb.22418
https://doi.org/10.1353/hub.2003.0067
https://doi.org/10.1093/jhmas/jri064
https://doi.org/10.1093/jhmas/jri064
https://doi.org/10.3390/ijerph21060757
https://doi.org/10.1097/IM9.0000000000000061

Measure of General Health.” American Journal of Physical Anthropology
168, no. 3: 552-565. https://doi.org/10.1002/ajpa.23772.

Yaussy, S., S. DeWitte, and R. Redfern. 2016. “Frailty and Famine:
Patterns of Mortality and Physiological Stress Among Victims of Famine
in Medieval London.” American Journal of Physical Anthropology 160,
no. 2: 272-283. https://doi.org/10.1002/ajpa.22954.

Zedda, N., B. Bramanti, E. Gualdi-Russo, E. Ceraico, and N. Rinaldo.
2021. “The Biological Index of Frailty: A New Index for the Assessment
of Frailty in Human Skeletal Remains.” American Journal of Physical
Anthropology 176, no. 3: 459-473. https://doi.org/10.1002/ajpa.24394.

Zedda, N., N. Rinaldo, E. Gualdi-Russo, and B. Bramanti. 2022. “Overall
Frailty Gauged in Victims of the Italian Plague (Imola, 1630-1632): Was
Plague an Indiscriminate Killer?” Archaeological and Anthropological
Sciences 14: 199. https://doi.org/10.1007/s12520-022-01670-8.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section.

150f 15


https://doi.org/10.1002/ajpa.23772
https://doi.org/10.1002/ajpa.22954
https://doi.org/10.1002/ajpa.24394
https://doi.org/10.1007/s12520-022-01670-8

	A Heavy Issue: Changes in Body Size in London Before, During and After the Black Death
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	2.1   |   The Osteological Sample
	2.1.1   |   Pre-Black Death Cemeteries (Period A)
	2.1.1.1   |   Guildhall Yard.  
	2.1.1.2   |   Merton Priory.  
	2.1.1.3   |   Spital Square.  

	2.1.2   |   Black Death Cemeteries (Period B)
	2.1.3   |   Post-Black Death Cemeteries (Period C)

	2.2   |   Sex and Age-at-Death Estimation
	2.3   |   Stature Estimation
	2.4   |   BM and BMI Estimation
	2.5   |   Statistical Analysis

	3   |   Results
	4   |   Discussion
	4.1   |   Strengths and Limitations

	5   |   Conclusions
	Author Contributions
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement
	References


