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ABSTRACT From the twelfth to the sixteenth century, London was one of Europe’s largest urban centers and suffered from 
frequent cereal shortages that were capable of instigating massive famine-related mortality. To assess biological 
susceptibility to these crises, this study examines the association between femur length (as a proxy for stature) 
and interment in famine burials in London during this period using a sample of 858 individuals buried in the 
St. Mary Spital cemetery (SRP98, c. 1120–1539). SRP98 includes both single and multiple interments, and the 
dating and demographic profiles of the latter suggest they were used during famines. Hierarchical log-linear 
analysis reveals a significantly higher proportion of individuals with short femora in putative famine burials 
compared to contemporaneous attritional burials; this association exists independent of an age or sex effect. 
These results suggest that people who experienced nutritional deprivations or other deleterious conditions 
during development severe enough to interfere with growth were more likely to die during conditions of famine 
than was true under normal conditions of mortality. These results might reflect an exacerbation of underly-
ing vulnerabilities in the face of starvation and attendant infectious diseases during times of medieval famine 
that elevated the mortality risks of relatively frail individuals even higher than they would have been during 
non-famine years.
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 Durante los siglos XII a XVI d.C., Londres, Inglaterra fue uno de los centros urbanos más grandes de Europa, y 
la ciudad sufrió frecuentemente de una escasez de los cereales, que contribuyó a la gran mortalidad por hambre. 
Para evaluar la susceptibilidad biológica a estas crisis de hambre, este estudio examina la asociación entre la lon-
gitud del fémur (como representación de estatura) y los entierros de las mujeres que fueron enterradas entre los 
siglos XII a XVI en Londres. El estudio usa un muestreo de 858 individuos del cementerio St. Mary Spital (SRP98 
c. 1120–1539). SRP98 incluye los entierros individuales y múltiples. La datación y los perfiles demográficos de los 
entierros múltiples sugieren que fueron utilizados durante las épocas de hambruna. Los análisis jerárquicos del 
modelo log-linear revelan que hay más individuos con fémures cortos en los entierros asociados con el hambre, 
comparado con los entierros más contemporáneos; esta asociación existe independiente del efecto de la edad o 
el sexo. Los resultados sugieren que las personas que sufrían de una falta de nutrición o cualquier otro detri-
mento de salud que ocurrió durante del desarrollo natural humano estaban en más riesgo de la muerte durante 
los periodos de hambre que durante las condiciones normales. Los resultados podrían reflejar una exacerbación 
de las vulnerabilidades a la hambruna y otras enfermedades infecciosas durante los tiempos de hambruna, que 
contribuyó a un riesgo de muerte en los individuos débiles que era más alto que en los tiempos sin la hambruna.
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Achieved stature in adults is the result of a combina-
tion of both genetic and environmental influences 
throughout life. Although genetic factors account for 
the majority of variation in body height, at least some 
of this variation is attributable to environmental 
factors (Preece 1996; Silventoinen 2003; Silventoinen 
et al. 2000). Exposure to adverse environmental con-
ditions early in life can reduce growth velocity signi-
ficantly, with the most profound impacts stemming 
from childhood malnutrition, infection, and disease 
(Bozzoli et al. 2009; Katona and Katona-Apte 2008; 
Steckel 1995). When one is confronted with malnutri-
tion or infection, energy and nutrients typically de-
voted to growth and development must instead be 
diverted to tissue maintenance and immune response. 
As a result, frequent or chronic adverse conditions 
during development can lead to decreased stature in 
adulthood (Steckel 1995).

Because body height is considered a reliable indi-
cator of childhood living conditions, scholars fre-
quently use stature as an indirect measure of living 
standards in past populations (Koepke and Baten 
2005; Macintosh et al. 2016; Steckel 2004) or in mod-
ern populations for which there is little direct infor-
mation (Jenkins 1981; Micklewright and Ismail 2001). 
Previous research has demonstrated a negative rela-
tionship between adult stature and health-related 
quality of life in contemporary England (Christensen 
et al. 2007). In general, stature is inversely associated 
with risk of mortality in modern populations (Gage 
and Zansky 1995; Onat et al. 2012; Schmidt et al. 2014), 
and a negative association between stature and mor-
tality from a variety of causes has been demonstrated 
in epidemiological studies, even when adjustments 
are made for behavioral and socioeconomic factors 
(see, e.g., Cook et al. 1994; Hebert et al. 1993; Nyström 
Peck and Vågerö 1989; J. R. Palmer et al. 1990; Song 
et al. 2003; Yarnell et al. 1992). The relationship between 
risk of mortality and stature has also been explored 
bio archae ol o gi cally, with some studies supporting 
the inverse association seen in living populations 
(DeWitte and Hughes-Morey 2012; Gunnell et al. 2001; 
Hughes-Morey 2016; Kemkes-Grottenthaler 2005; 
Steckel 2005; Watts 2011) and others refuting it (De-
Witte and Hughes-Morey 2012; DeWitte and Wood 
2008; Hughes-Morey 2016; Watts 2011).

Gunnell et al. (2001) provided some of the first evi-
dence from an archaeological sample of the associa-
tion between height and mortality risk. Their study 
measured the long bones of individuals from the site 
of St. Peter’s Church, Barton on Humber, which dates 
from the ninth century through the mid-nineteenth 
century. The authors found, across all long bones ex-
amined and for both sexes, that the odds ratio of pre-
mature mortality (defined as death before 30 years of 

age) decreased as stature increased, with one standard 
deviation increase in bone length resulting in a 10–
20% decline in premature mortality risk. Similarly, 
Kemkes-Grottenthaler (2005) analyzed data on 2,923 
individuals from the Database for Prehistorical and 
Historical Anthropology archived at the Institute of 
Anthropology, Mainz, collectively spanning a period 
from A.D. 500–1900. The author found, for both sexes 
and all long bones except the radius, the odds ratio of 
survival beyond age 40 improved by 15–16% with one 
standard deviation increase in bone length. Another 
study (Steckel 2005) used a pooled sample of individ-
uals from the Western Hemisphere, dating from 4500 
B.C. to the early twentieth century, and found that a 
20 cm deficit in stature (based on femur length) in-
creased the chances of death between ages 15 and 30 
by 4.6%.

However, studies of archaeological samples do not 
universally confirm the inverse association between 
stature and mortality risk, suggesting that the associ-
ation is not consistent across all contexts. For example, 
DeWitte and Hughes-Morey (2012) found that shorter 
adults (as indicated by long bone length) were at an 
elevated risk of dying compared to those of average or 
above-average height during the fourteenth- century 
Black Death in England; however, no significant effect 
of stature on risk of mortality was found in a pre–
Black Death attritional (non-epidemic) sample from 
Denmark. Other studies reveal that the relation-
ship between stature and mortality is not necessar-
ily consistent between the sexes. Using a sample of 61 
individuals from York, England, dated to the tenth 
through fifteenth centuries, Watts (2011) found that, 
although individuals of both sexes who died between 
17 and 25 years of age were generally shorter than 
individuals who survived beyond the age of 25, only 
females showed a statistically significant relation-
ship between short stature and earlier mortality. 
Hughes-Morey’s (2016) analysis of the associations 
among sex, stature, and socioeconomic status among 
adults in industrial-era (1742–1849) London revealed 
significantly elevated risks of mortality for short 
high-status females (using tibia length as a proxy for 
stature) but no significant association between stature 
and risk of mortality for any other sex/status group. 
This variation in the effect of short stature on adult 
mortality might reflect the disproportionate number 
of deaths of frail low-status children. If the frailest 
low-status children were also the shortest, their deaths 
in childhood might have produced a surviving cohort 
of low-status adults among whom there was little to 
no association between stature and risk of mortality. 
With respect to the high-status individuals, the re-
sults might indicate elevated risk of exposure to 
physiological disturbances for female children. Such 
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exposure could have increased their frailty, but phys-
iological buffering associated with high status might 
have allowed relatively frail (and presumably short) 
females to survive to adulthood. In adulthood, frail 
high-status females might have faced elevated risks of 
adult causes of mortality. High-status males might 
have experienced continued and better physiological 
buffering throughout their lives compared to both 
high-status females and low-status individuals of both 
sexes.

The previous studies of skeletal samples from 
 medieval England demonstrate the potential for 
the relationship between stature and mortality risk 
to vary with context. Particularly, the DeWitte and 
Hughes-Morey (2012) example suggests that burial 
contexts reflecting catastrophic death may exhibit dif-
ferent patterns than those found in attritional mor-
tality samples. We are particularly interested in the 
association between stature and famine mortality, 
given that, although scholars have repeatedly found 
evidence of stunted adult stature produced by famine 
conditions during fetal development or childhood 
(e.g., Huang et al. 2010; P. X. Wang et al. 2012; Y. Wang 
et al. 2010), few studies (described below) have exam-
ined the adverse conditions and life events that occur 
prior to famines and potentially influence famine 
mortality patterns. Our interest is further heightened 
by our previous finding that developmental distur-
bance as indicated by linear enamel hypoplasia was 
positively associated with famine burial in medieval 
London (Yaussy et al. 2016). Our goal is to determine 
whether patterns of adult stature are consistent with 
this finding that suggests previous developmental dis-
turbances made people more likely to die during me-
dieval famines. Examination of this phenomenon will 
improve our understanding of the context and conse-
quences of famine in medieval England, in particular, 
and will add to the existing research on the associa-
tion between famine and stature.

Such research has thus far revealed several differ-
ent possible associations between famine mortality 
and stature in a variety of contexts. Stature estimates 
for mass burials in the Kilkenny Union Workhouse 
cemetery (dating to famine years of 1847–1851 in 
Kilkenny City, Ireland) fall within normal ranges for 
nineteenth-century Britain, suggesting that these in-
dividuals were not stunted as a result of poor health 
in childhood (Geber and Murphy 2012). However, 
analysis of long bone length variation among those 
born before, during, and after the Great Famine of 
1315–1317 in England who later succumbed to the 
mid- fourteenth-century Black Death suggests that, 
at  least for females, the Great Famine of 1315–1317 
might have disproportionately killed short individuals 
(DeWitte and Slavin 2012). Similarly, Gørgens et  al. 

(2012) found that taller children were more likely to 
survive the Great Chinese Famine (1959–1961; Great 
Leap Forward Famine). The lack of a consistent asso-
ciation between short stature and famine mortality 
observed in the small number of studies done to date 
demands further examination of this phenomenon 
in other contexts.

More generally, we are motivated by an interest in 
the phenomenon of selective mortality and how it 
might occur under a variety of mortality conditions. 
Mortality is expected to be selective with respect to 
frailty under normal, non-crisis (non-catastrophic) 
conditions (Wood et al. 1992). It is often assumed that 
catastrophic mortality kills indiscriminately. How-
ever, researchers have found that mortality during a 
variety of crises behaves selectively. Examples include 
disproportionate increases in mortality among those 
aged 20–59 during cholera crisis mortality in Russia 
(Hoch 1998), higher mortality for males in floods and 
landslides (Jonkman and Kelman 2005; Pereira et al. 
2015), and higher risks of Ebola mortality in males 
(WHO Ebola Response Team 2016) and in patients 
also infected with malaria (Waxman et al. 2017). In 
summary, the assumption that crisis mortality will 
not be selective is not necessarily valid in all contexts. 
With respect to medieval catastrophic mortality, pre-
vious research in the context of medieval London has 
suggested that Black Death mortality was selective. In 
particular, older adults faced elevated risks of death 
during the epidemic compared to younger adults (De-
Witte 2010a). Further, people with skeletal lesions 
and signs of developmental disturbance (which under 
conditions of normal mortality were found to be as-
sociated with elevated risks of mortality, and thus can 
be used as reasonable indicators of frailty) were at 
higher risks of mortality during the Black Death 
than their age peers who lacked them (DeWitte and 
Hughes-Morey 2012; DeWitte and Wood 2008). 
 Importantly, for this article, DeWitte and Hughes- 
Morey (2012) previously found below-average long 
bone length to be associated with elevated risks of 
mortality during the Black Death (i.e., a period of 
crisis), which suggests that we might expect to find 
similar associations between bone length and other 
forms of crisis mortality such as famine.

This study examines the association between short 
femora (as a proxy for short stature) and famine mor-
tality in London between the twelfth and sixteenth 
centuries. At the time, London was one of Europe’s 
largest urban centers and suffered from frequent 
cereal shortages that were capable of instigating 
massive famine-related catastrophic mortality. To 
examine biological susceptibility to famine mortality 
and to test the hypothesis that early-life developmental 
disturbance increases risks of mortality from famine 
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during adulthood, this study examines skeletal mate-
rial from the St. Mary Spital cemetery (SRP98, A.D. 
1120–1539). Previous analyses of data from St. Mary 
Spital by the Museum of London led to conclusions 
that there was little difference in adult stature be-
tween mass (putative famine) burials and normal 
mortality (attritional) burials across all four periods 
of use of the cemetery (Jones 2012). Generally, aver-
age female height was very similar in the attritional 
and mass burials across all periods; the greatest dif-
ference in estimated adult female height was observed 
in A.D. 1200–1250, when females in mass burials were 
an estimated 1.7 cm taller on average than females in 
the attritional burials. In contrast, males in the mass 
burials were estimated to be slightly shorter than 
their counterparts in the attritional burials for all pe-
riods (Jones 2012; Redfern 2012). However, for these 
previous analyses, stature was estimated from femur 
measurements using regression formulae derived by 
Trotter (1970) from known-stature reference samples. 
This is potentially problematic because of between- 
population differences in body proportion and stat-
ure. Further, these previous analyses did not control 
for age. Given that some studies have found an asso-
ciation between short stature and early age at death 
(described above) (e.g., Gunnell et al. 2001; Kemkes- 
Grottenthaler 2005), comparisons of stature between 
populations or subpopulations should control for po-
tential variation in age distributions that can mask 
(or falsely produce estimates of) between- group vari-
ation in stature. The approaches taken in this study 
(transformation of long bone length data into cate-
gories of short vs. average/long and hierarchical 
log- linear analysis) allow us to avoid the potential 
limitations of previous studies and simultaneously 
control for both age and sex in our evaluation of bone 
length as a proxy for stature. We examine the asso-
ciation between femur length and famine burial for 
a pooled-sex sample, as well as for males and female 
separately, as previous analyses have suggested differ-
ences in frailty and risk of mortality between the 
sexes (DeWitte 2010b; Yaussy et al. 2016), which might 
reflect sex differences in physiological disturbances 
during development.

Materials and Methods

Skeletal samples

From its founding in A.D. 1197 to its dissolution in 
A.D. 1539, St. Mary Spital priory and hospital catered 
to the poor, pilgrims, and pregnant women in need of 
care (Connell et  al. 2012). St. Mary Spital cemetery 
(SRP98), the bulk of which was excavated by Museum 

of London Archaeology (MOLA) between 1998 and 
2001, was associated with the hospital and priory 
throughout the medieval period and received inmates 
who had expired while in the hospital’s care, as well 
as hospital officials, benefactors, and laypeople from 
the City of London and surrounding areas (Connell 
et al. 2012). In conjunction with site context, Bayes-
ian radiometric dating on the stratigraphy of SRP98 
facilitated the division of the burials into chronologi-
cally distinct phases: period 14 (A.D. 1120–1200), pe-
riod 15 (A.D. 1200–1250), period 16 (A.D. 1250–1400), 
and period 17 (A.D. 1400–1539) (Connell et al. 2012; 
Sidell et al. 2007).

The available samples from each period can be 
subdivided into different burial types (see diagrams 
in Connell et al. 2012:13), which are believed to cor-
respond to periods of attritional mortality and cata-
strophic mortality. The first burial type (type A) 
accounts for the majority of the burials and consists 
of single-individual interments. Type B and type C 
burials are composed of small groups of individuals 
arranged horizontally (type B) or vertically (type C) 
within the grave cut. The fourth burial type (type D) 
is known as “the catastrophic group” and consists of 
much larger groups of bodies stacked in multiple hor-
izontally arranged layers. Type D burials are unique 
because they appear to have been dug to accommo-
date many bodies within a short time period (Con-
nell et al. 2012; Jones 2012). Additionally, an earlier 
analysis of the type D burials conducted by Jones 
(2012) demonstrates that those burials do not show 
higher levels of trauma than type A, B, or C burials, 
suggesting that they are not the result of interpersonal 
violence or warfare. Instead, MOLA researchers argue 
that the type D burials are associated with known in-
stances of famine throughout the medieval period 
(Connell et al. 2012; Jones 2012). Maps of the St. Mary 
Spital site and images of the various burial types 
therein are available in Connell et al. (2012). Further 
details supporting the conclusion that the type D 
burials are likely famine burials and regarding the 
historical context of medieval London are found in 
Connell et al. (2012) and Yaussy et al. (2016).

Although the full St. Mary Spital collection encom-
passes 10,516 individuals (Connell 2012), the sample 
used for this study is derived from only that material 
available in the Museum of London’s Wellcome Oste-
ological Research Database (WORD). Data-collection 
protocols for WORD dictate that individuals must be 
35% complete and have skeletal features necessary for 
estimating age and determining sex for inclusion in 
the database, limiting the analyzable sample to 5,387 
individuals. The sample size used for this study (N = 
858) was, for reasons specified below, further limited 
to individuals in burials types A and D from periods 
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14, 15, and 17 for whom adult age and sex could be de-
termined and for whom the maximum length of the 
femur could be measured.

Because the goal of this study is to examine how 
early-life adverse conditions (reflected in long bone 
measurements) influence risk of famine mortality 
in later life, the chronological period associated with 
the Black Death (A.D. 1349–1350) must be removed 
from the analyses. The Black Death caused wide-
spread catastrophic mortality in London, potentially 
obfuscating the patterns of frailty and mortality pro-
duced by famines during period 16. Though some of 
the type D (catastrophic) burials included in period 
16 are not associated with the epidemic, it is currently 
impossible to distinguish between those interments 
associated with the Black Death and those associated 
with famines unrelated to the plague. As a result, 
period 16 has been omitted, and only data from the 
periods that predate (periods 14 and 15) or post-
date (period 17) the Black Death are included in these 
analyses. For this study, we take a conservative ap-
proach of comparing only type A attritional burials 
(n = 419) from periods 14, 15, and 17 to the type D 
burials from those same periods (n = 439). All data 
used in this study come from the WORD and were 
collected by investigators at MOLA. Analyses were re-
stricted to adults to assess the association between 
bone length and famine only among those individu-
als who had completed their growth at the time of 
death. Further, because the samples used in these 
analyses are subsamples of the larger SRP98 collection 
and St. Mary Spital cemetery, the results may reflect 
hidden biases and should be viewed with appropriate 
caution.

Age and sex estimation

Age estimates and sex determinations were obtained 
from WORD and reflect evaluations made by MOLA 
researchers using traditional methods (Powers 2012). 
Ages were estimated based on age-related changes to 
the pubic symphysis (Brooks and Suchey 1990), auric-
ular surface (Lovejoy et al. 1985), and costochondral 
junction (Işcan et al. 1984, 1985), as well as dental wear 
(Brothwell 1981). Adults were then placed into one 
of four age-interval categories: 18–25, 26–35, 36–45, 
and ≥ 46 years. Sex determinations were made using 
standard methods emphasizing sexually dimorphic 
features of the pelvis and cranium (Bass 1995; Broth-
well 1981; Ferembach et al. 1980; Phenice 1969), result-
ing in all individuals being assigned a sex of male, 
probable male, indeterminate, probable female, or fe-
male. The categories of female and probable female 
and male and probable male were further consoli-
dated for the purposes of this study. Skeletal remains 

assigned to the indeterminate category, as well as any 
truncated, poorly preserved, or incomplete individu-
als whose sex could not be determined, were excluded 
from this analysis.

Femur length

Bio archae ol o gi cal studies of stature often involve the 
estimation of stature from bone measurements using 
regression functions derived from known-stature 
reference samples. However, this approach is compli-
cated by between-population differences in body pro-
portion and stature. Because we are using stature as 
an indicator of developmental disturbance and thus 
are less concerned with stature per se, we avoid the 
potential problems associated with estimating stat-
ure by directly comparing long bone lengths across 
subgroups in the St. Mary Spital cemetery. For this 
study, we use adult femur length as a proxy for stature. 
The maximum length of the femur was measured in 
centimeters using an osteometric board (all measure-
ments were obtained from WORD; maximum length 
measurements substantially outnumbered bicondy-
lar length measurements). Left femora measurements 
were used when available, but measurements from 
right femora were used in cases where left measure-
ments were missing. In order to maximize the sam-
ples size available and to use hierarchical log-linear 
analysis to control for age and sex, we dichotomized 
the femur length data in order to pool the sexes. Indi-
viduals were assigned a score of 1 (“short”) if their fe-
mur measurements were more than one standard 
deviation below the mean for their sex; individuals 
whose measurements were less than one standard de-
viation below the mean or were higher than the mean 
for their sex were assigned a score of 0 (“average/
long”). We note that this definition of “short” does not 
conform to the World Health Organization definition 
of growth stunting (height-for-age that is less than 
two standard deviations below the growth standards 
median [WHO 2017]), but it is consistent with previ-
ous work on the association between long bone length 
and Black Death mortality in London (DeWitte and 
Hughes-Morey 2012).

Hierarchical log-linear and chi-square 
analyses

We use hierarchical log-linear analysis to assess the 
four-way interaction of sex, age, burial type (famine vs. 
attritional), and femur length (short vs. average/long), 
as well as all other lower-level interactions, such as the 
three-way interaction between femur length, burial 
type, and age or the two-way interaction between 
burial type and femur length. Hierarchical log-linear 
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Table 1. Femur Length Data (in millimeters) for Adult Males and 
Females by Burial Type

Males Females

Famine 
(N = 234)

Attritional 
(N = 246)

Famine 
(N = 205)

Attritional 
(N = 173)

Minimum 380 395 350 365
Maximum 516 515 495 488
Mean 446 453 419 422
Std. Deviation 24.4 22.5 24.5 23.9

Table 2. Results of Hierarchical Log-Linear Analysis 
of the Association among Age, Sex, Burial Type, and 
Femur Length

Variables p

Burial type × age × sex × stature 0.75
Burial type × age × sex 0.32
Burial type × age × stature 0.73
Burial type × sex × stature 0.46
Age × sex × stature 0.40
Burial type × age 0.57
Burial type × sex 0.20
Burial type × stature 0.03
Age × sex 0.05
Age × stature 0.15
Sex × stature 0.34

Table 3. Frequencies of Short versus Average/Long Individuals (pooled 
sexes) by Burial Type

Famine Attritional

Short 79 (18.0%) 53 (12.6%)
Average/Long 360 (82.0%) 366 (87.4%)

analysis accommodates categorical variables (such as 
age-interval in this study) and binary variables (sex, 
femur length, and burial type). This approach allows 
us to assess whether there is a significant association 
between short femora and interment in famine burials 
and whether that association exists in the absence of 
an age or sex effect. Backwards elimination was used 
to remove non-significant interactions among vari-
ables with a statistical significance criterion of 0.01. 
This particular significance criterion was used only 
to run the hierarchical log-linear analysis in SPSS. In 
general, we view p-values below 0.1 to be suggestive 
of a trend; however, we selected a much more con-
servative criterion for elimination in the hierarchical 
log-linear analysis in order to reveal the maximum 
number of significant associations (e.g., if we set the 
elimination criterion to 0.05, the model would poten-
tially fail to reveal lower-order associations signifi-
cant at values less than 0.05).

To examine whether associations between femur 
length and burial type are consistent between the 
sexes, we also performed chi-square analyses of the 
association between femur length and burial type 
separately for males and females.

Results

A summary of the femur length data by sex is pre-
sented in Table 1. The results of the hierarchical log- 
linear analysis are presented in Table 2. There is no 
significant association among all four variables (i.e., 
age, sex, burial type, and femur length), nor are there 
any significant three-way associations among any 
of these variables. The only significant associations 
revealed are between femur length and burial type 
(p = 0.03) and between age and sex (p = 0.05). There is 
a higher frequency of individuals with short femora 
in the famine burials than in the attritional burials. 
There is a higher proportion of females below the age 
of 35 years compared to males, and more males than 
females above the age of 35 years. The frequencies of 
short versus average/long individuals by burial type 
in St. Mary Spital are shown in Table 3. The results of 

chi-square analyses of the association between burial 
type and femur length by sex are shown in Table 4. 
There is a higher frequency of males with short fem-
ora in famine burials compared to attritional burials; 
however, among females there is no significant differ-
ence between famine and attritional burials with re-
spect to femur length. The age distributions by sex in 
the combined (pooled burial types) sample are shown 
in Table 5.

Discussion

In this sample, the lack of a significant three-way as-
sociation among age, femur length, and burial type 
and the lack of a significant association between age 
and femur length suggests that the observed associa-
tion between femur length and burial type (i.e., a 
higher proportion of individuals with short femora in 
the famine burials compared to the attritional buri-
als) is not an artifact of an age effect. Similarly, the 
results of this study do not indicate that the associa-
tion between femur length and burial type is an arti-
fact of a sex effect. These results are consistent with 
findings from a previous study (Yaussy et al. 2016) of 
higher frequencies of linear enamel hypoplasia in 
famine burials compared to attritional burials in 
St. Mary Spital. The results of this study suggest that 
males (but not females) who experienced develop-
ment disturbance severe enough to interfere with 
growth were more likely to die during conditions of 
famine than was true under normal conditions of 
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Table 4. Results of Chi-square Analysis of the Association between 
Burial Type and Femur Length, by Sex

Famine Attritional

Chi-square 
p-valueShort

Average/
Long Short

Average/
Long

Female 32 
(15.6%)

173 
(84.4%)

22 
(12.7%)

151 
(87.3%)

0.42

Male 47 
(20.1%)

187 
(79.9%)

31 
(12.6%)

215 
(87.4%)

0.03

Table 5. Age Distributions by Sex in Pooled Burial Type Samples

Age (years) Male Female

18–25 100 (20.8%) 98 (25.92%)
26–35 174 (36.3%) 150 (39.68%)
36–45 143 (29.8%) 83 (21.96%)
46+ 59 (12.3%) 43 (11.38%)
Adult 4 (0.8%) 4 (1.06%)
Total 480 378

mortality. This does not refute the possibility of selec-
tive mortality operating on short femoral length 
among males under normal, non-famine conditions. 
Rather, these results might reflect an exacerbation of 
underlying vulnerabilities for males in the face of 
starvation and attendant infectious disease. Such ex-
periences elevated the mortality risks of relatively frail 
males even higher than they would have been during 
non-famine years.

The lack of a significant association between femur 
length and famine burial for adult females observed 
in this study might reflect better physiological buffer-
ing for females in this population. Better buffering of 
females relative to males has been suggested previ-
ously to explain sex differences observed among liv-
ing individuals and in skeletal samples (e.g., King 
et al. 2005; Relethford and Lees 1981; Vercellotti et al. 
2011; Zakrzewski 2003; also see reviews by Guatelli- 
Steinberg and Lukacs 1999; and Stinson 1985).

The results of this study provide additional evidence 
suggesting that in medieval London, catastrophes 
(famine, as in this case, or plague) disproportionately 
killed individuals who had experienced adverse 
conditions during childhood (DeWitte and Hughes- 
Morey 2012; Yaussy et al. 2016). Previously, DeWitte 
and Hughes-Morey (2012) observed an association 
between below-average bone length and heightened 
risk of medieval Black Death mortality, which they 
suggested might reflect the long-term deleterious ef-
fects of in utero or early childhood nutritional depri-
vation on immune function. The higher frequency of 
males with short femora in the St. Mary Spital fam-
ine burials compared to contemporaneous attritional 

burials observed in our study might also reflect the 
long-term negative effects of early-life nutritional 
deprivations. Thus, the results presented in this study 
are consistent with the Barker hypothesis (alterna-
tively described as the fetal origins, fetal program-
ming, or developmental origins of health and disease 
hypotheses), which recognizes that experiences in fe-
tal development or early childhood can have persistent 
effects on later morbidity and mortality (Barker and 
Osmond 1986; Barker et  al. 1993). Since its original 
formulation, evidence from a variety of disciplines 
has supported the hypothesis, including immunol-
ogy (Avitsur et al. 2006; Azad et al. 2012; Cohen et al. 
2004), epidemiology (Galobardes et  al. 2004; Hei-
jmans et al. 2008; Tobi et al. 2012), psychiatry (Miller 
et al. 2008; Pace et al. 2006), and bioarchaeology (Am-
oroso et al. 2014; Armelagos et al. 2009; Boldsen 2007; 
Temple 2014).

Additionally, numerous studies have revealed an 
association between malnutrition and immune sup-
pression (see, e.g., McDade 2005; Moore 2016; Moore 
et al. 1999; A. C. Palmer 2011; Scrimshaw 2003; Spencer 
2013). In our study population, malnutrition during 
development might have resulted in individuals who 
both failed to achieve their femoral length (and thus 
stature) potential and had permanently compromised 
immune function. This might have made individuals 
with short femora more vulnerable to death from in-
fectious disease during times of medieval famine (in-
fectious disease is a primary cause of death during 
famines; Ó Gráda 2007; Scrimshaw 1987; Walter and 
Schofield 1989). Alternatively, rather than malnutri-
tion during development being the cause of compro-
mised immune responses, individuals with inherently 
compromised immune systems might have been more 
vulnerable to infectious disease during childhood; 
episodes of disease would have interfered with their 
growth (McDade 2005; McDade et al. 2008). Such in-
herently compromised immune systems would sub-
sequently have put these individuals, who had short 
femora as adults, at greater risk of death from infec-
tious disease during famine in adulthood.

The findings from this study contrast with the re-
sults of studies from other contexts. In Ireland, the 
estimated stature of individuals from mass burials in 
the nineteenth-century Kilkenny Union Workhouse 
cemetery fell within the range of living stature esti-
mates from contemporaneous British skeletal collec-
tions (Geber and Murphy 2012). This suggests that 
victims of the Great Irish Famine (1845–1852) buried 
in Kilkenny “were not generally stunted due to previ-
ous poor health” (Geber and Murphy 2012:517), and 
thus might indicate that during this famine, individ-
uals with shorter adult stature resulting from poor 
health or poor diet during development were not at 
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greater risk of death than other individuals admitted 
to the workhouse. The differences between Geber and 
Murphy’s findings and those from our study highlight 
how important cultural context is in mediating mor-
tality outcomes. The Kilkenny cemetery sample is ex-
clusively composed of people who lived and died in a 
workhouse and were provisioned with rations. Al-
though our sample likely contains poor individuals 
who received shelter and care at St. Mary Spital hos-
pital, such individuals are not the only people who 
were interred in the cemetery, as detailed above. The 
potential effects of provisioning, at least on patterns of 
health, in Kilkenny are apparent in Geber and Mur-
phy’s sample, as males with skeletal signs of scurvy 
were significantly taller than those without them. The 
authors posit that this pattern may exist because the 
available workhouse rations were sufficient for males 
with relatively small body size but not for larger males. 
That is, larger males did not receive proportionately 
larger rations, and as a result, taller, “well-built” indi-
viduals might have been more nutritionally deprived 
relative to their smaller counterparts (Geber and 
Murphy 2012:520). Perhaps provisioning of work-
house inhabitants might have buffered some individ-
uals who might otherwise have been at higher risk of 
mortality, uncoupling an association between stat-
ure and famine mortality that might have existed in 
the general population. Of course, it is possible that 
there really was no significant association between 
stature and famine mortality in the larger nineteenth- 
century Irish population.

Though not the primary focus of this study, the ob-
served significant association between sex and age (a 
higher frequency of females below the age of 35 com-
pared to males and a higher frequency of males above 
the age of 35 compared to females) might reflect dif-
ferences in mortality patterns between the sexes. We 
are wary of interpreting differences in age distribu-
tions as straightforward indications of mortality pat-
terns. However, in this case the observed association 
between age and sex is consistent with results from a 
previous study (Yaussy et  al. 2016) suggesting that 
males faced lower risks of mortality compared to fe-
males in the St. Mary Spital period 17 attritional buri-
als. Further, Lewis’s (2016) study of urban versus rural 
childhood and adolescent (6.6–25 years of age) mor-
bidity and mortality in medieval England (c. 900–
1550) indicates that urban females suffered from the 
highest frequencies of skeletal indicators of respiratory 
and infectious disease. This suggests that urban fe-
males (including those in London, from which a large 
proportion of Lewis’s urban sample was obtained) may 
have been the most vulnerable segment of the popula-
tion, at least during childhood and adolescent ages. 

These previous findings might suggest that females 
were not, in fact, better buffered against physiological 
disturbances compared to males, as suggested above. 
Further examination of this phenomenon requires 
larger samples sizes, leveraging of chronological data, 
and additional lines of evidence and is planned as part 
of a future, larger study.

The association between age and sex found in this 
study may also reflect patterns of medieval migration 
into London, in particular the immigration of young 
females into London in pursuit of economic opportu-
nities (Goldberg 1992; Kowaleski 2013, 2014; Lewis 
2016). According to Sullivan (2004), substantial differ-
ences in migration between the sexes resulting from 
a lack of economic opportunities for women in rural 
areas might explain relatively low ages at death for 
low-status females (but not for moderate-status fe-
males) in medieval York (St. Andrew’s Fishergate), 
though she argues based on contextual evidence that 
the age distributions at least partially reflect variation 
in risk of death by sex and status. Grauer (2003) found 
significantly higher proportions of females than males 
aged 25–35 years in the St. Helen-on-the-Walls ceme-
tery (also from York), which might reflect the immi-
gration of young females for work and their relatively 
delayed age at marriage and subsequent maternal 
mortality. The possibility that migration might affect 
the results found in our study will be assessed in the 
future using isotopic signatures of mobility.

Conclusion

An assessment of the association between femur 
length and famine burial in the medieval St. Mary 
Spital cemetery from London reveals a higher propor-
tion of adult males with short femora (and by infer-
ence, short stature) in famine burials compared to 
contemporaneous attritional burials, but no associa-
tion between short femora and famine burial for fe-
males. Below-average adult height can be indicative of 
adverse conditions during development, so these re-
sults suggest that males who experienced such condi-
tions early in life were more likely to succumb during 
medieval famines than was true during times of nor-
mal, non-catastrophic mortality in London. The re-
sults for females might reflect greater physiological 
buffering for females in this population, but assessing 
this possibility requires additional research using 
other lines of evidence. The findings of this study are 
consistent with those from a previous investigation of 
developmental disturbance and famine mortality 
(Yaussy et al. 2016). They also add to our understand-
ing of the variable inferences that might be drawn 
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from stature (or its proxies) and further emphasize 
the importance of considering historical and socio-
cultural context when making those inferences.

Acknowledgments

The authors are grateful to Dr. Gillian Crane-Kramer 
and Dr. Kristina Killgrove for organizing the “Paleo-
pathology of Feasts and Famines: Foregrounding 
the Interaction between Humans and Their Envi-
ronment” session at the Paleopathology Association 
meeting in 2016, in which we participated and which 
motivated us to undertake the analyses reported 
here. We thank Caroline Watson for translating our 
abstract into Spanish, and Dr. Killgrove, two anony-
mous reviewers, the journal’s co–editor in chief, Dr. 
Sabrina Agarwal, and the associate editor for provid-
ing helpful comments on an earlier version of this 
article. We also thank Jelena Bekvalac and Rebecca 
Redfern at the Museum of London Centre for Human 
Bioarchaeology for providing access to the data from 
St. Mary Spital cemetery, as well as all those involved 
with the data collection and previous research on the 
SRP98 sample. Funding for this research was pro-
vided the NSF (BCS-1539502, REG supplement).

References

Amoroso, Alexandra, Susana J. Garcia, and Hugo F. V. Cardoso. 
2014. Age at death and linear enamel hypoplas1ias: Testing the 
effects of childhood stress and adult socioeconomic circum-
stances in premature mortality. American Journal of Human 
Biology 26(4):461–468. DOI:10  .1002  /ajhb  .22547.

Armelagos, George J., Alan H. Goodman, Kristin N. Harper, and 
Michael L. Blakey. 2009. Enamel hypoplasia and early mortality: 
Bio archae ol o gi cal support for the Barker hypothesis. Evolu-
tionary Anthropology 18(6):261–271. DOI:10  .1002  /evan  .20239.

Avitsur, Ronit, John Hunzeker, and John F. Sheridan. 2006. Role 
of early stress in the individual differences in host response to 
viral infection. Brain, Behavior, and Immunity 20(4):339–348. 
DOI:10  .1016  /j  .bbi  .2005  .09  .006.

Azad, Meghan B., Yuri Lissitsyn, Gregory E. Miller, Allan B. 
Becker, Kent T. HayGlass, and Anita L. Kozyrskyj. 2012. Influ-
ence of socioeconomic status trajectories on innate immune 
responsiveness in children. PLoS One 7(6):e38669. DOI: 10  .1371 
 /journal  .pone  .0038669.

Barker, D. J. P., P. D. Gluckman, K. M. Godfrey, J. E. Harding, J. A. 
Owens, and J. S. Robinson. 1993. Fetal nutrition and cardiovas-
cular disease in adult life. The Lancet 341(8850):938–941. DOI: 
10  .1016  /0140  -6736(93)91224  -A.

Barker, D. J. P., and C. Osmond. 1986. Infant mortality, child-
hood nutrition, and ischaemic heart disease in England and 
Wales. The Lancet 327(8489):1077–1081. DOI: 10  .1016  /S0140 
 -6736(86)91340  -1.

Bass, William M. 1995. Human Osteology: A Laboratory and 
Field Manual. Missouri Archaeological Society, Springfield.

Boldsen, Jesper L. 2007. Early childhood stress and adult age 
mortality: A study of dental enamel hypoplasia in the medie-
val Danish village of Tirup. American Journal of Physical An-
thropology 132(1):59–66. DOI: 10  .1002  /ajpa  .20467.

Bozzoli, Carlos, Angus Deaton, and Climent Quintana- 
Domeque. 2009. Adult height and childhood disease. Demog-
raphy 46(4):647–669. DOI:10  .1353  /dem  .0  .0079.

Brooks, S., and J. M. Suchey. 1990. Skeletal age determination 
based on the os pubis: A comparison of the Ascádi-Nemeskéri 
and Suchey-Brooks methods. Journal of Human Evolution 5(3): 
227–238.

Brothwell, Don R. 1981. Digging up Bones: The Excavation, Treat-
ment and Study of Human Skeletal Remains. 3rd ed. Cornell 
University Press, Ithaca, NY.

Christensen, T. L., C. B. Djurhuus, P. Clayton, and J. S. Christian-
sen. 2007. An evaluation of the relationship between adult 
height and health-related quality of life in the general UK pop-
ulation. Clinical Endocrinology 67(3):407–412. DOI: 10  .1111  /j 
 .1365  -2265  .2007  .02901  .x.

Cohen, Sheldon, William J. Doyle, Ronald B. Turner, Cuneyt M. 
Alper, and David P. Skoner. 2004. Childhood socioeconomic 
status and host resistance to infectious illness in adulthood. 
Psychosomatic Medicine 66:553–558. DOI: 10  .1097  /01  .psy  .00 
00126200  .05189  .D3.

Connell, Brian. 2012. Materials and methods. In A Bio archae ol o-
gi cal Study of Medieval Burials on the Site of St Mary Spital, 
edited by Brian Connell, Amy Gray Jones, Rebecca Redfern, 
and Don Walker. Lavenham Press, London, pp. 19–24.

Connell, Brian, Rebecca Redfern, and Christopher Thomas. 2012. 
Introduction. In A Bio archae ol o gi cal Study of Medieval Buri-
als on the Site of St Mary Spital, edited by Brian Connell, Amy 
Gray Jones, Rebecca Redfern, and Don Walker. Lavenham 
Press, London, pp. 1–18.

Cook, Nancy R., Patricia R. Hebert, Suzanne Satterfield, James 
O. Taylor, Julie E. Buring, and Charles H. Hennekens. 1994. 
Height, lung function, and mortality from cardiovascular dis-
ease among the elderly. American Journal of Epidemiology 
139(11):1066–1076. DOI: 10  .1093  /oxfordjournals  .aje  .a116950.

DeWitte, Sharon N. 2010a. Age patterns of mortality during the 
Black Death in London, A.D. 1349–1350. Journal of Archaeolog-
ical Science 37(12):3394–3400. DOI: 10  .1016  /j  .jas  .2010  .08  .006.

DeWitte, Sharon N. 2010b. Sex differentials in frailty in medieval 
England. American Journal of Physical Anthropology 143(2): 
285–297. DOI: 10  .1002  /ajpa  .21316.

DeWitte, Sharon N., and Gail 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 Ar-
chaeological Science 39(5):1412–1419. DOI: 10  .1016  /j  .jas  .2012  .01  .019.

DeWitte, Sharon N., and Philip Slavin. Between famine and 
death. Physiological stress and dairy deficiency in England on 
the eve of the Black Death (1315–50): New evidence from paleo-
epidemiology and manorial accounts. Journal of Interdisciplin-
ary History 44(1):37–61. DOI: 10  .1162  /JINH_a_00500.

DeWitte, Sharon N., and James W. Wood. 2008. Selectivity of the 
Black Death with respect to preexisting health. Proceedings of 
the National Academy of Sciences USA 105(5):1436–1441. DOI: 
10  .1073  /pnas  .0705460105.

Ferembach, D., I. Schwidetzky, and M. Stoukal. 1980. Recom-
mendations for age and sex diagnoses of skeletons. Journal of 
Human Evolution 9(7):517–549. DOI: 10  .1016  /0047  -2484(80) 
90061  -5.

Gage, Timothy B., and Shelly M. Zansky. 1995. Anthropometric 
indicators of nutritional status and level of mortality. Ameri-
can Journal of Human Biology 7(6):679–691. DOI: 10  .1002  /ajhb 
 .1310070602.



Short Femora and Famine Mortality180

Galobardes, Bruna, John W. Lynch, and George Davey Smith. 
2004. Childhood socioeconomic circumstances and cause- 
specific mortality in adulthood: Systematic review and inter-
pretation. Epidemiologic Reviews 26(1):7–21. DOI: 10  .1093  /epirev 
 /mxh008.

Geber, Jonny, and Eileen Murphy. 2012. Scurvy in the Great Irish 
Famine: Evidence of vitamin C deficiency from a mid-19th 
century skeletal population. American Journal of Physical An-
thropology 148(4):512–524. DOI: 10  .1002  /ajpa  .22066.

Goldberg, P. J. P. 1992. Women, Work and Life Cycle in a Medieval 
Economy: Women in York and Yorkshire c. 1300–1520. Claren-
don Press, London.

Gørgens, Tue, Xin Meng, and Rhema Vaithianathan. 2012. Stunt-
ing and selection effects of famine: A case study of the Great 
Chinese Famine. Journal of Development Economics 97(1):99–111. 
DOI: 10  .1016  /j  .jdeveco  .2010  .12  .005.

Grauer, Anne L. 2003. Where were the women? In Human Biol-
ogists in the Archives: Demography, Health, Nutrition, and Ge-
netics in Historical Populations, edited by D. Ann Herring and 
Alan C. Swedlund. Cambridge University Press, Cambridge, 
pp. 266–287.

Guatelli-Steinberg, Debbie, and John R. Lukacs. 1999. Interpreting 
sex differences in enamel hypoplasia in human and non- 
human primates: Developmental, environmental, and cultural 
considerations. American Journal of Physical Anthropology 
Supplement: Yearbook of Physical Anthropology 110(S29): 
73–126. DOI: 10  .1002  /(SICI)1096  -8644(1999)110:29+<73::AID 
 -AJPA4>3  .0  .CO;2  -K.

Gunnell D., J. Rogers, and P. Dieppe. 2001. Height and health: 
Predicting longevity from bone length in archaeological re-
mains. Journal of Epidemiology and Community Health 55(7): 
505–507. DOI: 10  .1136  /jech  .55  .7  .505.

Hebert, P. R., J. W. Rich-Edwards, J. E. Manson, P. M. Ridker, N. R. 
Cook, G. T. O’Connor, J. E. Buring, and C. H. Hennekens. 1993. 
Height and incidence of cardiovascular disease in male physi-
cians. Circulation 88(4):1437–1443. DOI: 10  .1161  /01  .CIR  .88  .4  .1437.

Heijmans, Bastiaan T., Elmar W. Tobi, Aryeh D. Stein, Hein Putter, 
Gerald J. Blauw, Ezra S. Susser, P. Eline Slagboom, and L. H. 
Lumey. 2008. Persistent epigenetic differences associated with 
prenatal exposure to famine in humans. Proceedings of the 
National Academy of Sciences USA 105(44):17046–17049. DOI: 
10  .1073  /pnas  .0806560105.

Hoch, Steven L. 1998. Famine, disease, and mortality patterns in 
the parish of Borshevka, Russia, 1830–1912. Population Studies 
52(3):357–368.

Huang, Cheng, Zhu Li, Meng Wang, and Reynaldo Martorell. 
2010. Early life exposure to the 1959–1961 Chinese famine has 
long-term health consequences. Journal of Nutrition 140(10): 
1874–1878. DOI: 10  .3945  /jn  .110  .121293.

Hughes-Morey, Gail. 2016. Interpreting adult stature in indus-
trial London. American Journal of Physical Anthropology 159(1): 
126–134. DOI: 10  .1002  /ajpa  .22840.

Işcan, M. Yaşar, S. R. Loth, and R. K. Wright. 1984. Age estima-
tion from the rib by phase analysis: White males. Journal of 
Forensic Sciences 29(4):1094–1104. DOI: 10  .1520  /JFS11776J.

Işcan, M. Yaşar, S. R. Loth, and R. K. Wright. 1985. Age estima-
tion from the rib by phase analysis: White females. Journal of 
Forensic Sciences 30(3):853–863. DOI: 10  .1520  /JFS11018J.

Jenkins, Carol L. 1981. Patterns of growth and malnutrition 
among preschoolers in Belize. American Journal of Physical 
Anthropology 56(2):169–178. DOI: 10  .1002  /ajpa  .1330560208.

Jones, Amy G. 2012. Defining catastrophe: Mass burial at St Mary 
Spital. In A Bio archae ol o gi cal Study of Medieval Burials on the 
Site of St Mary Spital, edited by Brian Connell, Amy Gray 
Jones, Rebecca Redfern, and Don Walker. Lavenham Press, 
London, pp. 217–231.

Jonkman, Sebastiaan N., and Ilan Kelman. 2005. An analysis of 
the causes and circumstances of flood disaster deaths. Disas-
ters 29(1):75–97. DOI:10  .1111  /j  .0361  -3666  .2005  .00275  .x.

Katona, Peter, and Judit Katona-Apte. 2008. The interaction be-
tween nutrition and infection. Clinical Infectious Diseases 
46(10):1582–1588. DOI: 10  .1086  /587658.

Kemkes-Grottenthaler, Ariane. 2005. The short die young: The 
interrelationship between stature and longevity—evidence 
from skeletal remains. American Journal of Physical Anthro-
pology 128(2):340–347. DOI 10.1002/ajpa.20146.

King, T., L. T. Humphrey, and S. Hillson. 2005. Linear enamel 
hypoplasias as indicators of systemic physiological stress: Ev-
idence from two known age-at-death and sex populations 
from postmedieval London. American Journal of Physical An-
thropology 128(3):547–559. DOI: 10  .1002  /ajpa  .20232.

Koepke, Nikola, and Joerg Baten. 2005. The biological standard 
of living in Europe during the last two millennia. European 
Review of Economic History 9(1):61–95. DOI: 10  .1017  /S13614916 
04001388.

Kowaleski, Maryanne. 2013. Gendering demographic change in 
the Middle Ages. In The Oxford Handbook of Women and Gen-
der in Medieval Europe, edited by Judith Bennett and Ruth 
Karras. Oxford University Press, Oxford, pp. 181–196.

Kowaleski, Maryanne. 2014. Medieval people in town and coun-
try: New perspectives from demography and bioarchaeology. 
Speculum 89(3):573–600. DOI: 10  .1017  /S0038713414000815.

Lewis, Mary. 2016. Work and the adolescent in medieval England, 
AD 900–1550: The osteological evidence. Medieval Archaeol-
ogy 60:138–171. DOI: 10  .1080  /00766097  .2016  .1147787.

Lovejoy, C. Owen, Richard S. Meindl, Thomas R. Pryzbeck, and 
Robert P. Mensforth. 1985. Chronological metamorphosis of the 
auricular surface of the ilium: A new method for the determi-
nation of adult skeletal age at death. American Journal of Physi-
cal Anthropology 68(1):15–28. DOI: 10  .1002  /ajpa  .13306 80103.

Macintosh, Alison A., Ron Pinhasi, and Jay T. Stock. 2016. Early 
life conditions and physiological stress following the transi-
tion to farming in central/southeast Europe: Skeletal growth 
impairment and 6000 years of gradual recovery. PLoS ONE 
11(2):e0148468. DOI: 10  .1371  /journal  .pone  .0148468.

McDade, Thomas W. 2005. The ecologies of human immune 
function. Annual Review of Anthropology 34:495–521. DOI: 10 
 .1146  /annurev  .anthro  .34  .081804  .120348.

McDade, T. W., V. Reyes-García, S. Tanner, T. Huanca, and W. R. 
Leonard. 2008. Maintenance versus growth: Investigating the 
costs of immune activation among children in lowland Bolivia. 
American Journal of Physical Anthropology 136(4):478–484. 
DOI: 10  .1002  /ajpa  .20831.

Micklewright, John, and Suraiya Ismail. 2001. What can child 
anthropometry reveal about living standards and public pol-
icy? An illustration from central Asia. Review of Income and 
Wealth 47(1):65–80. DOI: 10  .1111  /1475  -4991  .00004.

Miller, Gregory E., Edith Chen, Jasmen Sze, Teresa Marin, Jesusa 
M. G. Arevalo, Richard Doll, Roy Ma, and Steve W. Cole. 2008. 
A functional genomic fingerprint of chronic stress in humans: 
Blunted glucocorticoid and increased NF-кB signaling. Bio-
logical Psychiatry 64(4):266–272. DOI: 10  .1016  /j  .biopsych  .2008 
 .03  .017.

Moore, S. E. 2016. Early life nutritional programming of health 
and disease in The Gambia. Journal of Developmental Origins 
of Health and Disease 7(2):123–131. DOI: 10  .1017  /S204017441 
5007199.

Moore, S. E., T. J. Cole, A. C. Collinson, E. M. Poskitt, I. A. Mc-
Gregor, and A. M. Prentice. 1999. Prenatal or early postnatal 
events predict infectious deaths in young adulthood in rural 
Africa. International Journal of Epidemiology 28(6):1088–1095. 
DOI: 10  .1093  /ije  /28  .6  .1088.



DeWitte and Yaussy 181

Nyström Peck, A. M., and D. H. Vågerö. 1989. Adult body height, 
self-perceived health and mortality in the Swedish population. 
Journal of Epidemiology and Community Health 43(4):380–384. 
DOI: 10  .1136  /jech  .43  .4  .380.

Ó Gráda, Cormac. 2007. Making famine history. Journal of Eco-
nomic Literature 45(1):5–38.

Onat, Altan, Ender Ödemis, Günay Can, Gökhan Çiçek, and 
Sani Murat. 2012. Short stature is an independent risk marker 
for mortality and incident coronary heart disease only in 
women: A structural relationship? Anatolian Journal of Cardi-
ology 12(4):289–297. DOI: 10  .5152  /akd  .2012  .091.

Pace, Thaddeus W. W., Tanja C. Mletzko, Oyetunde Alagbe, 
Dominique L. Musselman, Charles B. Nemeroff, Andrew H. 
Miller, and Christine M. Heim. 2006. Increased stress- 
induced inflammatory responses in male patients with major 
depression and increased early life stress. American Journal 
of Psychiatry 163(9):1630–1633. DOI: 10  .1176  /ajp  .2006  .163  .9 
 .1630.

Palmer, Amanda C. 2011. Nutritionally mediated programming 
of the developing immune system. Advances in Nutrition 
2:377–395. DOI: 10  .3945  /an  .111  .000570.

Palmer, Julie R., Lynn Rosenberg, and Samuel Shapiro. 1990. 
Stature and risk of myocardial infarction in women. American 
Journal of Epidemiology 132(1):27–32. DOI: 10  .1093  /oxfordjour 
nals  .aje  .a115639.

Pereira, S., J. L. Zêzere, I. Quaresma, P. P. Santos, and M. Santos. 
2016. Mortality patterns of hydro-geomorphologic disasters. 
Risk Analysis 36(6):1188–1210. DOI: 10  .1111  /risa  .12516.

Phenice, T. W. 1969. A newly developed visual method of sexing 
the os pubis. American Journal of Physical Anthropology 30(2): 
297–302. DOI: 10  .1002  /ajpa  .1330300214.

Powers, N., ed. 2012. Human Osteology Method Statement. http:// 
archive  .museumoflondon  .org  .uk  /NR  /rdonlyres  /3A7B0C25  -FD 
36  -4D43  -863E  -B2FDC5A86FB7  /0  /OsteologyMethodStatement 
revised2012  .pdf.

Preece, M. A. 1996. The genetic contribution to stature. Hormone 
Research 45:56–58. DOI: 10  .1159  /000184849.

Redfern, Rebecca. 2012. Adult stature. In A Bio archae ol o gi cal 
Study of Medieval Burials on the Site of St Mary Spital, edited 
by Brian Connell, Amy Gray Jones, Rebecca Redfern, and Don 
Walker. Lavenham Press, London, pp. 36–38.

Relethford, John H., and Francis C. Lees. 1981. The effects of ag-
ing and secular trend on adult stature in rural western Ireland. 
American Journal of Physical Anthropology 55(1):81–88. DOI: 
10  .1002  /ajpa  .1330550111.

Schmidt, Morten, Hans Erik Bøtker, Lars Pedersen, and Henrik 
Toft Sørensen. 2014. Adult height and risk of ischemic heart 
disease, atrial fibrillation, stroke, venous thromboembolism, 
and premature death: A population based 36-year follow-up 
study. European Journal of Epidemiology 29(2):111–118. DOI: 10 
 .1007  /s10654  -013  -9867  -y.

Scrimshaw, Nevin S. 1987. The phenomenon of famine. Annual 
Review of Nutrition 7(1):1–22.

Scrimshaw, Nevin S. 2003. Historical concepts of interactions, 
synergism and antagonism between nutrition and infection. 
Journal of Nutrition 133:316S–321S.

Sidell, Jane, Christopher Thomas, and Alex Bayliss. 2007. Vali-
dating and improving archaeological phasing at St. Mary 
Spital, London. Radiocarbon 49(2):593–610. DOI: 10  .1017  /S00 
33822200042491.

Silventoinen, Karri. 2003. Determinants of variation in adult 
body height. Journal of Biosocial Science 35(2):263–285. DOI: 
10  .1017  /S0021932003002633.

Silventoinen, Karri, Jaakko Kaprio, Eero Lahelma, and Markku 
Koskenvuo. 2000. Relative effect of genetic and environmen-
tal factors on body height: Differences across birth cohorts 

among Finnish men and women. American Journal of Public 
Health 90(4):627–630.

Song, Yun-Mi, George Davey Smith, and Joohon Sung. 2003. 
Adult height and cause-specific mortality: A large prospective 
study of South Korean men. American Journal of Epidemiology 
158(5):479–485. DOI: 10  .1093  /aje  /kwg173.

Spencer, Sarah J. 2013. Perinatal nutrition programs neuroim-
mune function long-term: Mechanisms and implications. 
Frontiers in Neuroscience 7:144. DOI: 10  .3389  /fnins  .2013  .00144.

Steckel, Richard H. 1995. Stature and the standard of living. Jour-
nal of Economic Literature 33(4):1903–1940.

Steckel, Richard H. 2004. New light on the “Dark Ages”: The re-
markably tall stature of northern European men during the 
medieval era. Social Science History 28(2):211–229.

Steckel, Richard H. 2005. Young adult mortality following severe 
physiological stress in childhood: Skeletal evidence. Econom-
ics and Human Biology 3:314–328. DOI: 10  .1016  /j  .ehb  .2005  .05 
 .006.

Stinson, Sara. 1985. Sex differences in environmental sensitivity 
during growth and development. American Journal of Physical 
Anthropology Supplement: Yearbook of Physical Anthropol-
ogy 28(S6):123–147. DOI: 10  .1002  /ajpa  .1330280507.

Sullivan, Amy. 2004. Reconstructing relationships among mor-
tality, status, and gender at the medieval Gilbertine Priory of 
St. Andrew, Fishergate, York. American Journal of Physical An-
thropology 124(4):330–345. DOI: 10  .1002  /ajpa  .10271.

Temple, Daniel H. 2014. Plasticity and constraint in response to 
early-life stressors among Late/Final Jomon period foragers 
from Japan: Evidence for life history trade-offs from incre-
mental microstructures of enamel. American Journal of Physi-
cal Anthropology 155(4):537–545. DOI: 10  .1002  /ajpa  .22606.

Tobi, Elmar W., P. Eline Slagboom, Jenny van Dongen, Dennis 
Kremer, Aryeh D. Stein, Hein Putter, Bastiaan T. Heijmans, 
and L. H. Lumey. 2012. Prenatal famine and genetic variation 
are independently and additively associated with DNA meth-
ylation at regulatory loci within IGF2/H19. PLoS ONE 7:e37933. 
DOI: 10  .1371  /journal  .pone  .0037933.

Trotter, Mildred. 1970. Estimation of stature from intact long 
limb bones. In Personal Identification in Mass Disasters, edited 
by T. D. Stewart. Smithsonian Institution, Washington, D.C., 
pp. 71–83.

Vercellotti, Giuseppe, Sam D. Stout, Rosa Boano, and Paul W. 
Sciulli. 2011. Intrapopulation variation in stature and body 
proportions: Social status and sex differences in an Italian 
medieval population (Trino Vercellese, VC). American Jour-
nal of Physical Anthropology 145(2):203–214. DOI: 10  .1002  /ajpa 
 .21486.

Walter, John, and Roger Schofield, eds. 1989. Famine, Disease, 
and the Social Order in Early Modern Society. Cambridge: 
Cambridge University Press.

Wang, Pei-Xi, Jia-Ji Wang, Yi-Xiong Lei, Lin Xiao, and Zhong-
Cheng Luo. 2012. Impact of fetal and infant exposure to the Chi-
nese Great Famine on the risk of hypertension in adulthood. 
PLoS ONE 7(11):e49720. DOI: 10  .1371  /journal  .pone  .0049720.

Wang, Yonghong, Xiaolin Wang, Yuhan Kong, John H. Zhang, 
and Qing Zeng. 2010. The Great Chinese Famine leads to 
shorter and overweight females in Chongqing Chinese popu-
lation after 50 years. Obesity 18(3):588–592. DOI: 10  .1038  /oby 
 .2009  .296.

Watts, R. 2011. Non-specific indicators of stress and their associa-
tion with age at death in medieval York: Using stature and verte-
bral neural canal size to examine the effects of stress occurring 
during different periods of development. International Journal 
of Osteoarchaeology 21(5):568–576. DOI: 10  .1002  /oa  .1158.

Waxman, Matthew, Adam R. Aluisio, Soham Rege, and Adam C. 
Levine. 2017. Characteristics and survival of patients with 

http://archive.museumoflondon.org.uk/NR/rdonlyres/3A7B0C25-FD36-4D43-863E-B2FDC5A86FB7/0/OsteologyMethodStatementrevised2012.pdf
http://archive.museumoflondon.org.uk/NR/rdonlyres/3A7B0C25-FD36-4D43-863E-B2FDC5A86FB7/0/OsteologyMethodStatementrevised2012.pdf
http://archive.museumoflondon.org.uk/NR/rdonlyres/3A7B0C25-FD36-4D43-863E-B2FDC5A86FB7/0/OsteologyMethodStatementrevised2012.pdf
http://archive.museumoflondon.org.uk/NR/rdonlyres/3A7B0C25-FD36-4D43-863E-B2FDC5A86FB7/0/OsteologyMethodStatementrevised2012.pdf


Short Femora and Famine Mortality182

Ebola virus infection, malaria, or both in Sierra Leone: A ret-
rospective cohort study. The Lancet Infectious Diseases 17(6): 
654–660. DOI: 10  .1016  /S1473  -3099(17)30112  -3.

WHO (World Health Organization). 2017. Stunting in a nutshell. 
http:  //www  .who  .int  /nutrition  /healthygrowthproj_stunted_
videos  /en  /. Accessed May 31, 2017.

WHO Ebola Response Team. 2016. Ebola virus disease among 
male and female persons in West Africa. New England Journal 
of Medicine 374:96–98. DOI: 10  .1056  /NEJMc1510305.

Wood, James W., George R. Milner, Henry C. Harpending, and 
Kenneth M. Weiss. 1992. The osteological paradox: Problems 
of inferring prehistoric health from skeletal samples. Current 
Anthropology 33(4):343–370.

Yarnell, J. W. G., E. S. Limb, J. M. Layzell, and I. A. Baker. 1992. 
Height: A risk marker for ischaemic heart disease: Prospec-
tive results from the Caerphilly and Speedwell heart disease 
studies. European Heart Journal 13(12):1602–1605. DOI: 10  .1093 
 /oxfordjournals  .eurheartj  .a060111.

Yaussy, Samantha L., Sharon N. DeWitte, and Rebecca C. Red-
fern. 2016. Frailty and famine: Patterns of mortality and phys-
iological stress among victims of famine in medieval London. 
American Journal of Physical Anthropology 160(2):272–283. 
DOI: 10  .1002  /ajpa  .22954.

Zakrzewski, Sonia R. 2003. Variation in ancient Egyptian stature 
and body proportions. American Journal of Physical Anthro-
pology 121(3):219–229. DOI: 10  .1002  /ajpa  .10223.

http://www.who.int/nutrition/healthygrowthproj_stunted_videos/en/
http://www.who.int/nutrition/healthygrowthproj_stunted_videos/en/

