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Abstract The association of osteoporosis and
nutrition has long been documented, and
nutrition is acknowledged as a major risk
factor for bone loss, affecting bone health in
distinct ways. Both biomedicine and anthro-
pology (or, more precisely, paleopathology)
have strived to fully understand the contri-
bution of diet to bone health, especially the
relationship between the physiological eco-
nomy of calcium and bone maintenance.
Taking this into consideration, the present
article is intended to summarize and com-
ment the main empirical contributions of
paleopathology to the body of knowledge

Sumdrio A associagcao entre a osteoporose e a
nutricdo tem sido bastante documentada, e a
nutricdo é reconhecida como um dos princi-
pais fatores de risco para a perda éssea, afetan-
do a saude esquelética de diferentes formas.
Tanto a biomedicina como a antropologia
(ou, mais precisamente, a paleopatologia) tém
procurado compreender de um modo global
a contribuicdo da dieta para a saude éssea,
particularmente a relacdo entre a economia
fisioldgica do calcio e a manutengdo éssea.
Tendo em consideracdo estas preocupagoes
disciplinares, o presente artigo tem o obje-
tivo de resumir e comentar as principais con-
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on bone health, specifically the relation bet-
ween bone loss and nutrition.
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tary calcium; paleopathology.

Introduction

Osteoporosis (OP) is a metabolic
pathological condition characterized by
the decline in bone mass, compromised
bone quality and ensuing increase in the
risk of fracture (Consensus Development
Conference, 1993; NIH Consensus Devel-
opment Panel, 2001). OP is an asymp-
tomatic disease prior to bone fracture
(Wylie, 2010), being typically associated
with fractures in the hip, the vertebral
body and the distal radius (Johnell and
Kanis, 2006).

This metabolic disorder has long
been associated with estrogen with-
drawal after menopause (Albright et al,
1941); and, like other chronic diseases, its
incidence follows a Gompertzian pattern,
increasing with age (Melton Ill, 1990). Al-
though sex steroids and aging are of ut-
most relevance to OP etiopathogeny, the
disease stems from a complex landscape
of risk factors, including genetics, physi-
cal activity, reproductive history, and nu-
tritional status (Burnham and Leonard,
2008; Curate et al,, 2012; Heaney, 2008;

tribuicdes empiricas da paleopatologia para
o corpo de conhecimento relativo a saude
éssea, especificamente a associacdo entre a
perda éssea e a nutricdo.
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Livshits et al., 2004; Maller et al, 2012,
Recker et al,, 2004; Zhang et al., 2009). It
is thus appropriate to consider OP the
consequence of a stochastic process, i.e.,
while risk factors for osteoporosis occur
at different levels, they are not mutually
exclusive, affecting bone health within a
reticulate network of reciprocal influence
(Heaney, 2008; Nordin, 2008).

Nutrition, as a risk factor, is unsur-
prisingly a major facet of OP heteroge-
neity and complexity, affecting bone
health by itself or interacting with other
etiological factors (Heaney, 2008). The
hypothesis that OP is caused primarily
by calcium (Ca) deficiency, particularly
in aged individuals, was originally pro-
posed in opposition to Fuller Albright’s
estrogen deficiency theory (Raisz, 2005).
Indeed, decreased calcium intake, de-
creased intestinal absorption of calcium
due to disease or senescence, and/or vi-
tamin D deficiency may elicit secondary
hyperparathyroidism, and all the harmful
consequences associated with it: high
bone turnover, bone loss, mineralization
defects, and fractures (Lips, 2001). Type



Il osteoporosis’ definition by Riggs and
Melton Il (1986) - although heuristically
significant, the Riggs and Melton Il mod-
el does not account for the convoluted
OP etiopathogenesis — acknowledge this
by stressing the mutual effects of remod-
eling incompetence, appropriateness of
dietary consumption of Ca and vitamin
D, intestinal mineral absorption and para-
thyroid hormone secretion. An adequate
intake of calcium, and other nutrients, is
recognized as essential for the acquisi-
tion and maintenance of skeletal health
(Barger-Lux et al,, 2005; Heaney, 2008).
The recent and extreme modifica-
tion of the world's demographic profile
prompted a significant increase in the
total and relative numbers of aged indi-
viduals from both sexes. OP afflicts a size-
able proportion of the world population,
causing fractures with costly human and
economic outcomes: the total number
of older individuals at high risk of osteo-
porotic fracture in 2010 was estimated at
158 million (Becker et al,, 2010; Odén et al.,
2015). In Portugal, the incidence of osteo-
porosis and associated fractures is also in-
creasing (Pina et al,, 2008; Silva et al., 1999).
OP and related sequels are recognized as
major public health concerns affecting
the elderly community (Becker et al,, 2010).
Although usually identified as a
“modern disease”, OP has a long history
(Agarwal, 2008; Curate et al., 2009; Curate
etal, 2013). The frequency of the disorder
(and derivatives) changed as its etiologi-

cal agents, such as age at menopause or
nutrition, varied throughout human his-
tory (Curate et al, 2013). Hence, the dia-
chronic study of osteoporosis and fragil-
ity fractures is critical for a clearer picture
of the epidemiology of the disease. The
discipline of paleopathology - defined
as the study of diseases in the past, both
in humans and animals, employing dif-
ferent sources (Ortner, 2003) — has been
involved in the research of age-related
bone loss since the 1960's (Dewey et al,
1969; van Gerven et al,, 1969). As such, this
article aims to recapitulate and critically
address the foremost contributions of pa-
leopathology to the body of knowledge
on bone loss, particularly those related to
the effect of nutrition on skeletal health.

Nutrition and risk for OP:
a summary of the biomedical evidence

The biomedical body of knowledge
recognizes not only a constellation of
etiologic factors that cause disease but
also identifies disease heterogeneity as
another dimension of complexity in the
etiopathogenesis of diseases. As such,
the rhizomatic association between the
causal factors of disease must be ad-
dressed when defining and evaluating
the role of any specific factor, whether
physical activity, heredity or nutrition —
as in this particular case. Hence, not only
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are diet and nutrition just two of multi-
ple interacting features of bone loss, but,
likewise, they may play different roles (or
none at all) in OP etiopathogenesis (He-
aney, 2008). Matkovic et al. (1979) first
proposed this view, showing that high
Ca intake was related with an emphatic
decrease in hip fracture risk but not with
a changed risk of distal radius fracture.
Absolute caloric intake, calcium and
vitamin D have been acknowledged as
crucial determinants of bone growth
and development. Undoubtedly, a se-
vere deficit of any nutrient impacts bone
growth and strength (Bogin, 1998; He-
aney et al,, 2000; Petit et al., 2008). The in-
vestigation efforts for the understanding
of OP and nutrition interaction has been
almost completely on Ca and vitamin D
but, in recent years, the focus has shifted
to the role of other nutrients, namely
protein, magnesium, potassium, carot-
enoids and vitamins K, B and C (Tucker,
2009). Nutrition affects skeletal health
in two different ways. The deposition,
maintenance and repair of bone tissue
result from cellular processes and, under-
standably, the cells responsible for these
actions rely on energetic inputs through
nutrition, like any other body cell. The
production of bone matrix, for example,
hinges on the synthesis and modifica-
tion of collagen and other proteins. The
nutrients involved in this process include
proteins, vitamins C, D and K, and sev-
eral minerals. Additionally, the skeleton

stores large quantities of calcium and
phosphorus, and the dimension of the
reserve depends on the daily equilib-
rium between the absorption and excre-
tion of these minerals (Calvo and Tucker,
2013; Heaney, 2008).

Calcium and vitamin D are impor-
tant nutrients for bone health. Calcium
intake in a number of modern popula-
tions is usually suboptimal, because it
does not comply to the daily minimum
requirements (Alaimo et al,, 1994; Tucker,
2009) or because of subnormal absorp-
tion and greater excretory losses (Heaney
and Recker, 1986; Nordin et al., 1987). Daily
calcium needs are rather high, while the
absorption efficiency is low, further de-
creasing between 40 and 60 years of age,
especially in women (Fishbein, 2004).
When dietary Ca absorption is inad-
equate to offset urinary and fecal losses,
calcium is resorbed from the skeletal re-
serves to maintain serum Ca at a steady
level (National Osteoporosis Foundation,
2010). The serum calcium levels are strin-
gently orchestrated by the parathyroid
hormone (PTH) and a minor decrease in
extracellular Ca stimulates the secretion
of PTH, which then mobilizes calcium
from the skeleton reserves through a
feedback mechanism and promotes the
renal reabsorption of Ca (Jorde et al,
2000; Rodriguez-Ortiz et al, 2014). PTH
also promotes, albeit indirectly, intestinal
Ca* absorption by stimulating the syn-
thesis of 1,25(0H)2D (calcitriol, the active



metabolite of vitamin D) in the kidneys. In
short, both calcium and vitamin D reduce
PTH secretion, which in turn decrease
osteocyte responsiveness and general
bone remodeling (Heaney, 2008).

After the attainment of peak bone
mass — i.e, the maximum amount of bone
mass achieved after skeletal maturation
(Bonjour et al,, 1994) —, the skeletal system
becomes reasonably insulated from many
ensuing nutritional deficiencies (Heaney,
2008; Matkovic and Landoll, 2000). An
ecological study from Croatia (Matkovic
et al, 1979; 1980) originally suggested that
peak bone mass could be modified by en-
vironmental factors, especially nutrition.
Overall, it is probable that discrepancies
in calcium intake early in life may account
for a 5-10% difference in peak adult bone
mass and, consequently, calcium intake
at a younger age greatly influences frac-
ture risk later in life (Matkovic and Landoll,
2000; Mglgaard et al,, 2011).

From birth through young adult-
hood, bone mass steadily accumulates,
with higher calcium requirements during
infancy and adolescence (Koo and Waly-
at, 2013; Matkovic and Landoll, 2000). Di-
etary calcium at (or above) the threshold
level is required throughout the bone
modeling and consolidation phase (Mat-
kovic and Landoll, 2000; Petit et al., 2008).
The higher Ca demands in infancy and
adolescence mandate a greater calcium
absorption, mediated by 1,25(0CH)2D (II-
ich et al, 1997). As such, improving vita-

min D status is one of the keystones to
optimize skeletal growth and to maxi-
mize peak bone mass (Koo and Walyat,
2013). Although vitamin D is synthesized
following skin exposure to sunlight in the
ultraviolet spectrum, in some situations
- such as living at higher latitudes or dur-
ing winter — the supply of exogenous
vitamin D through diet is required (En-
gelsen, 2010; Koo and Walyat, 2013).
Numerous nutritional factors affect
calcium demands, particularly protein,
sodium, caffeine and fiber. Sodium and
protein have a great significance in the
calcium economy, impacting its urinary
excretion, while caffeine and fiber exert
minimal influence on calcium absorp-
tion (Barger-Lux and Heaney, 1995; He-
aney, 2008). Protein intake is possibly
associated with calcium phosphate me-
tabolism, bone mass and osteoporotic
fracture risk (Metz et al, 1993). Notwith-
standing, it has been challenging to
identify any long-term effect of dietary
protein on bone metabolism and mass
(Rizzoli and Bonjour, 2010). Phosphorus
is also fundamental for the regular skel-
etal formation, playing a cardinal role in
bone development. Phosphorus is pres-
ent in almost every food consumed by
humans (Calvo and Tucker, 2013; Mat-
kovic and Landoll, 2000) and excessive
intake (especially uneven consumption
relative to calcium) is probably associ-
ated to a compromised peak bone mass,
increased bone resorption and greater
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risk of fracture (Calvo and Tucker, 2013).
At last, magnesium is associated with an
inhibition of PTH secretion (Rodriguez-
Ortiz et al, 2014), while alcohol con-
sumption probably influences bone me-
tabolism — with a controversial effect on
bone mass (Nordin, 2008).

Dietary calcium in human
phylogenetic history

In a more general approach, dietary
calcium intake has been painstakingly
considered in the anthropological litera-
ture, even though recent clinical and epi-
demiological studies have raised critical
interrogations over the specific effects of
calcium on bone loss (Agarwal, 2008).

Regular requirements of calcium are
high, mostly because of urinary and fecal
losses, which account for 150 to 250 mg
of calcium lost per day. Indeed, the body
absorbs, on average, only 25% of dietary
calcium (Hunt and Johnson, 2007). Mean
calcium absorption and intake are usu-
ally highly correlated but fractional cal-
cium absorption is inversely associated
with calcium intake when the intake is
exceedingly low (Hunt and Johnson,
2007; Ireland and Fordtran, 1973). Fur-
thermore, calcium absorption efficien-
cy declines 20-35% with age, at least
among women (Fishbein, 2004; National
Osteoporosis Foundation, 2010). When

dietary calcium is insufficient to meet
body requirements, the calcium stored
in the skeleton — which accounts for 99%
of all bodily calcium, while the remain-
der is present in blood, extracellular fluid,
muscle and other tissues - is transferred
to the blood circulatory system.

The physiology of calcium homeo-
stasis evolved in a calcium-enriched en-
vironment that prompted a conditional
inefficiency in the intestinal and renal
absorption of the element (Stini, 1995).
Furthermore, cutaneous losses are un-
regulated, and renal conservation is weak
(Heaney, 2008). This homeostatic system
performed efficiently in the past, but in
modern-day Westernized societies the
decline in calcium consumption and the
blatant demographic changes promote
a maladaptive calcium physiology (Stini,
1995). Osteoporosis occurs predominant-
ly after menopause (i.e, after the end of
the reproductive phase of a woman'’s
life) and in aged individuals from both
sexes: it is thus a pathological condition
almost freed from the selective pressures
of natural selection. Since it afflicts indi-
viduals mainly after their reproductive
period, OP does not reduce individual
fitness, being conceivably an expression
of an antagonistic pleiotropy maintained
in the human genome by selective ad-
vantage (Heaney, 2008; Stini, 1995). In
that sense, genetic traits that uphold the
inefficiency of calcium homeostasis, inci-
dentally favor bone loss.



Natural mammal diets are abundant
in calcium. The dietetic regime of the first
anatomical modern humans was also rich
in calcium, comprising between 1500 and
3000 mg of this element per day (Eaton
and Nelson, 1991; Heaney, 1986; 2008).
Nowadays, humans ingest only a third
of the calcium consumed by early Homo
sapiens (Davies et al, 1995; Heaney, 2008).
Furthermore, it can even be inferred that
the earliest hominids (according to the
traditional taxonomic classification, which
highlights the adaptative divergence of
humans from the other living members
of their clade — in this scheme only our
extinct ancestors and relatives are placed
in the family Hominidae; see for example
Marks, 2011) consumed more calcium
than modern humans. With the expan-
sion from the tropics to other environ-
ments, the earliest hominids no longer
relied on an overwhelmingly vegetarian
diet — richer in calcium. Also, dietary cal-
cium levels conceivably declined as the
first Homo developed tools and hunting
strategies, incorporating more meat in
the diet (Heaney, 2008; Nelson et al,, 2003).

Vitamin D is the major regulator of
calcium homeostasis, being essential for
the normal mineralization of bone (Feld-
man et al,, 2008). It is produced in the skin
by a photochemical reaction in which
ultraviolet light transforms 7-dehydro-
cholesterol into previtamin D. The first
hominids and early Homo sapiens prob-
ably evolved in East Africa (Klein, 2009;

Mcdougall et al.,, 2005; White et al., 2003).
With plenty solar light available, mecha-
nisms that prevent the excess accumula-
tion of vitamin D evolved and with the
expansion to northern latitudes, early
humans faced another problem: vitamin
D production in high latitudes declines
steeply (the sun is so low in the sky in
winter that ultraviolet wavelengths do
not get through the atmosphere), and
varying degrees of vitamin D deficiency
are common without dietary supplemen-
tation (Heaney, 2008; Webb et al., 1988).

The transition from hunting and
gathering to food production (the “Neo-
lithic Revolution” or the "agricultural/
pastoral revolution”) originated in inde-
pendent locations worldwide, starting
around 12,000 BP or even earlier (Barker,
2009). The transition generated striking
changes in micronutrient intake, largely
for the worse. Nutritional change during
the Neolithic Revolution is associated
with lower bone mass in the first agricul-
tural populations (Pfeiffer and Lazenby,
1994: Nelson, 1984; Nelson et al., 2003) -
a substantial modification in the sources
and quantities of calcium certainly oc-
curred (Agarwal, 2008; Brickley and lves,
2008). Agricultural societies that subsist-
ed mainly on cereal crops and legumes
would have had diets with very low calci-
um densities, insufficient to sustain bone
health (Heaney, 2008).

The sources and quantities of dietary
calcium (and other important nutrients)
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changed dramatically during the course
of human evolution. While it has been
estimated that the dietary consumption
of calcium during the Paleolithic was at
least 1500 mg per day (Eaton and Nelson,
1991; Heaney, 2008), calcium intake was
only one factor among a complex reticu-
late of causal agents that affected bone
health in the past (Nelson et al., 2003).

Bone loss and nutrition in paleopathology

A study by Dewey et al. (1969)
comprising Nubian skeletal samples
from the Meroitic (350 BC-350 AD), X-
Group (350-550 AD) and Christian (550—
1400 AD) periods probably features the
first analysis of bone loss in the past and
was of radical importance since it estab-
lished osteoporotic bone decline as an
age-related degenerative disorder with
a vast historical depth. Shortly after, van
Gerven and colleagues (1969) analyzed
the cortical bone thickness in a sample
of Native-Americans (1540-1700 AD).
Both studies highlighted the cortical
bone decline with age — steeper and ear-
lier in women — but Dewey et al. (1969)
related the earlier onset of osteoporosis
in women with extended lactation and
inadequate calcium intake. Since these
seminal works, numerous paleopatho-
logical analyses have focused on the
connection between bone mass and nu-

trition (Agarwal, 2008; Brickley and Ives,
2008). The apparent poorer nutrition in
several historical populations possibly
influenced the acquisition of bone dur-
ing growth (Mays, 2008), affecting peak
bone mass and bone mass later in life
(Rizzoli and Bonjour, 2010).

The data acquired in the Nubian os-
teological samples have been explained
as a reflex of enduring malnutrition (Dew-
ey et al, 1969; Martin and Armelagos,
1979; Martin et al,, 1985). Moreover, nutri-
tional stress has been related with other
risk factors (i.e, pregnancy, lactation and
workloads), all concurring for the marked
bone loss in a sub-sample of Nubian fe-
males (Martin and Armelagos, 1979). The
greater intracortical porosity and higher
bone turnover in younger Nubian fe-
males when compared to younger males
have been attributed to nutritional and
reproductive stress in females (Martin et
al,, 1984; Martin et al., 1985). Armelagos et
al. (1972) stated that the growth patterns
of the prehistoric Nubian population ex-
amined showed no significant evidence
of any general malnutrition or deficiency
disease; nonetheless, they suggested
that a moderate nutritional insufficiency
obstructed normal growth throughout
the earlier growth period.

In a study of osteoporosis in ancient
Egyptians of two social classes (high offi-
cials and workers) from the Old Kingdom
in Giza, Zaki et al. (2009) did not detect
a significant earlier bone loss in young



females. The authors suggest that the
“protection” against early bone loss in
females may be due to the dietary hab-
its of ancient Egyptians, which included
cereals and proteins — unlike the Nubians,
whose diet was based on grain (millet,
barley and sorghum), low in calcium, iron
and proteins.

Nutritional stress has also been as-
sociated with bone loss in numerous Na-
tive- American and Arctic skeletal sam-
ples (e.g., Bridges, 1989; Cassidy, 1984;
Cook, 1984; Ericksen, 1976; 1980; Nelson,
1984; Pfeiffer and King, 1983; Richman
et al, 1979; Stout, 1978; Thompson and
Gunness-Hey, 1981). For example, Stout
(1978) contrasted rib cortex remodeling
rates in samples from Middle and Late
Woodland (USA), ascribing the higher
remodeling rates in the latter series to
secondary hyperparathyroidism stem-
ming from low tryptophan levels asso-
ciated with a diet rich in maize. Ericksen
(1980) related the high-protein diet of
the Eskimo and the low-protein diet of
the Arikara with the observed dissimi-
larities in bone remodeling parameters
on both skeletal assemblages. Although
protein consumption possibly influenc-
es calcium phosphate metabolism and
bone mass, so far clinical studies failed
to detect any long-term effect of dietary
protein on bone metabolism (Rizzoli and
Bonjour, 2010). In their study of the Es-
kimo skeletons from St. Lawrence Island,
Kodiak Island, and Southampton Island,

Thompson and Gunness-Hey (1981)
found differences in cortical thickness
between Yupik and Inupiag Eskimos,
which they attributed to dissimilar diet
and activity patterns. Cassidy (1984) rec-
ognized that malnutrition influenced
skeletal health in an adverse way in differ-
ent samples from the Central Ohio River
Valley (USA). Also, Cook (1984) speculat-
ed that the relative early onset of cortical
involution and lack of diachronic modi-
fication reverberate the stable dietary
attributes of Joseph Caldwell's “primary
forest efficiency” in the North-American
Midwest. Bridges (1989) suggested that
most of the differences in cross-sectional
area and structure of the femur in two
Southeastern United States groups are
due to changing activities related with
the introduction of agricultural practices,
although diet probably had an effect on
cortical area in females.

Against the general trend in the re-
search of bone health in Native-Amer-
ican and Arctic communities, Perzigian
(1973) advocated that nutrition was not
a significant contributor to the mainte-
nance of cortical and trabecular bone
during aging in prehistoric samples from
Indian Knoll and Pete Klunk (USA). Al-
though archaeological and osteometric
data suggest that diet at Pete Klunk was
more adequate and reliable than at Indi-
an Knoll, both males and females at Pete
Klunk lost bone at a faster rate than their
counterparts at Indian Knoll.
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Also in North America, but in the peri-
od of the post-Reconstruction (1878-1930),
an analysis of African-American skeletons
highlighted an association between di-
etary deficiencies and features of bone
health, such as low percent cortical area
and high rates of bone resorption. More-
over, both females and males experienced
difficulties with calcium homeostasis and
normal maintenance and repair of bone.
Taken together, the data supported the
interpretation that diet and health were
subnormal in the post-Reconstruction
South of USA (Martin et al,, 1987). More re-
cently, a comparison of an African-Ameri-
can sample (St. Louis, Missouri, USA) with
an European-American sample (forensic
cases from Missouri, USA) shows compos-
ite patterns for differences in measures of
rib intracortical remodeling and cortical
area, which are explained by both genetic
and environmental factors, including diet
(Cho et al,, 2006).

In studies of European skeletal sam-
ples, diet has also been acknowledged as
an important factor in the preservation
of bone health (e.g., Cho and Stout, 2011;
Gonzélez-Reimers et al, 2007; Mays,
1996; 2001).

The high frequency of osteopenia
in prehistoric Guanche collective burials
(Gran Canaria, Spain) has been explained
by periods of food scarcity and dietetic
insufficiencies (Gonzéalez-Reimers et al,
1998; 2007). Nonetheless, age at death
in most of the Guanche samples was not

estimated (and, occasionally, the sex was
also not identified), which seriously hin-
ders any interpretation that links nutri-
tion with bone loss in these populations
(Agarwal, 2008).

In the Roman site of Ancaster (UK),
peak cortical bone levels are also re-
duced, suggesting a suboptimal acquisi-
tion of cortical bone during the growth
period that ultimately reflects a poorer
nutrition in this community (Mays, 2006).
Another radiogrammetric study, also
during the Roman Period (Velia, Italy),
relates the observed lower cortical index
with chronic malnutrition (Beauchesne
and Agarwal, 2014). The authors note that
proper nutrition was probably atypical in
the Roman world. The isotopic dietary
profile of adults at Velia displays a diet
high in cereals and legumes, with a gen-
erally low intake of animal or marine pro-
tein (Craig et al,, 2009). It is important to
note that this dietary profile is not irrec-
oncilable with good skeletal health and
normal bone mineral maintenance. Also
during the Roman period, individuals at
Isola Sacra (south of Rome, Italy) showed
normal age-related bone loss, with fe-
males exhibiting steeper intracortical po-
rosity and reduced bone mass (Cho and
Stout, 2011). The differences between the
sexes have been attributed to life events
such as lactation and menopause, in ad-
dition to lower nutritional status. The
middle class in the Portus (the majority
of the skeletal sample) probably had an



adequate diet (Garnsey, 1998). Moreover,
owingto theirlocation in the artificial har-
bor of Rome they would benefit from an
above-average diet, dominated by cere-
als and other terrestrials resources, as well
as a plethora of marine resources (Prowse
et al, 2005). Cereals, typically wheat and
barley, leguminous plants, and different
quantities and qualities of animal protein,
composed the dietary profiles of Impe-
rial Rome. Wheat and barley are high in
calories and sources of vitamins B and
E, calcium, and iron (Garnsey, 1998). Fish
was also a food resource at Portus, being
a good source of proteins, calcium, iron
and vitamins A, B and D (Prowse et al,
2005). A critical aspect of the diet at Isola
Sacra relates to the probable differential
allocation of food according to age and
sex: infants were nutritionally disadvan-
taged due to cultural behavior towards
infant feeding and inadequate weaning
foods, and females had less access to ma-
rine food resources (Cho and Stout, 2011;
Prowse et al., 2005). This nutritional dis-
crepancy probably was a major contribu-
tor to bone health later in life, especially
in females (Cho and Stout, 2011).

A study of bone mineral density
(BMD) in a medieval population from
Norway (Trondheim, St. Olav's church,
1100-1600 AD) found loss of BMD at an
early age in women that was justified by
inadequate nutrition and stresses related
with childbearing (Mays et al, 2006).
Turner-Walker et al. (2001) proposed

that, in medieval times, recovery of bone
mass ensuing gestation and breastfeed-
ing might have been decelerated by
inferior maternal nutrition. This can ex-
plain, at least partially (other factors are
certainly involved), the apparent greater
loss of bone throughout the reproduc-
tive age in medieval females.

A sequence of studies has docu-
mented osteoporosis and bone loss in the
identified skeletal sample of Christchurch,
Spitalfields (London, UK). Lees et al. (1993)
studied the patterns of bone loss in the
proximal femur of the women from Spit-
alfields and suggested that these women
lost less bone than their modern coun-
terparts. The authors, while acknowledg-
ing that milk, meat and green vegetables
were widely available, also propose that
nutritional aspects alone are not suffi-
cient to explain BMD differences between
the Spitalfields and modern women. On
the contrary, Simon Mays (2000; 2001)
unambiguously related poor childhood
nutrition and deficient appositional bone
growth in both men and women at Spit-
alfields. These individuals were less well-
nourished during the growing years than
modern subjects — thus, it is probable
that poor nutrition during the growing
years negatively affected cortical bone at
Spitalfields, with the involvement of other
unidentified factors.

The peak cortical thickness in the
Spitalfields’ young adults from both
sexes is reduced when compared with
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a more recent group, a phenomenon
also recorded in radiogrammetric stud-
ies performed in other European skeletal
samples (e.g., Beauchesne and Agarwal,
2014; Ekenman et al, 1995; Mays, 1996;
2006; Rewekant, 1994). This has been
interpreted in the context of a link be-
tween substandard childhood nutrition
and deficient cortical thickness (Garn et
al,, 1969; Himes et al.,, 1975). Albeit meta-
carpal cortical thickness was deficient
in the young adults of Wharram Percy,

a British medieval sample, the peasants’

diet was probably not deficient in cal-
cium, since the archaeological materials
found at the site are suggestive of milk
and dairy products consumption (Mays,
1996; Mays et al., 1998).

The radiogrammetric and densi-
tometric studies of a sample from the
Coimbra Identified Skeletal Collection
(CISC) exposed slightly different paleo-
epidemiological trends in the reduction
of bone mass (Curate et al., 2009; 2013).
Bone mineral density (evaluated in the
proximal femur) decline patterns in both
females and males are essentially the
same in the skeletal collection from the
CISC and in two modern Portuguese
samples (Curate et al, 2013) - in spite
of major dissimilarities in the lifestyle
(including nutritional differences) of
the three equated samples. Neverthe-
less, the radiogrammetric analysis of
the femur shows that the cortical index
is reduced in the younger age classes

when compared to a modern Finnish
sample (Curate et al, 2009). Episodes
of malnutrition during growth can be
causally linked to a reduced bone mass
in younger adults (Jessup et al, 2003).
Also, calcium relevance to the peak
bone mass seems uncontroversial (Bo-
gin, 1998; Matkovic and Landoll, 2000).
The historical records on the consump-
tion of calcium among the underprivi-
leged in Coimbra during the early 20"
century are, at least, ambiguous. Cereals
and fresh vegetables (prepared as soups
and broths), accompanied by potatoes
and some olive oil, composed the major-
ity of the dietary regime in the deprived
socioeconomic classes. Fish consump-
tion, especially codfish and sardines, was
commonplace. The bread was almost
always made from corn (Roque, 1982;
Santos, 1995). Bread and most vegeta-
bles are not good calcium sources — un-
like sardines, which are high in calcium
(Fishbein, 2004). Lopes (1999) mentions
the absence of dairy products in the diet
of the orphans at the "Misericérdia” of
Coimbra. In this social institution for or-
phaned children, the deficient calcium
intake during growth could have com-
promised skeletal health later in life. Of
course, the early 20" century Coimbra

|n

was still very “rural” — farms, pastures
and orchards were very frequent within
the city limits. Moreover, animal trade
increased in the city during the 19" and

early 20" centuries (Roque, 1982; 1988).



As such, the access to dairy products,
even for the underprivileged, was prob-
ably relatively easy. It is also important
to note that, in a sample of adults from
the CISC born in the city of Coimbra, two
individuals (i.e., 2.3%; 2/101) presented
a cause of death unequivocally related
with nutrition (Santos, 1995). Notwith-
standing, the provisional assumption is
that other factors, like age at menarche
in women, physical activity or genetics,
also played a critical role in the achieve-
ment of peak bone mass.

Nutrition and bone health:
what’s next in paleopathological studies?

In living persons, most of the nu-
tritional factors that affect bone health
can be evaluated to some extent, but an
assortment of unavoidable information
inaccuracies and gaps hinders the cor-
rect determination of dietary patterns
in modern communities — and, even
further, in past populations (Fishbein,
2004). For example, within a population,
subgroups may have contrasting dietary
profiles (Nelson et al., 2003). It is impos-
sible to acquire dynamic measurements
of physiological processes and it is chal-
lenging to assess diet in past individuals
and populations. The archeological body
is one of coincidence without develop-
ment (Curate, 2014): the skeleton func-

tions as a capsule of time, providing an
imperfect snapshot of the individual’s
health at the decisive moment of death.
As such, diet and nutrition in the past —
and their association with bone health
— must be explored through multiple
research pathways, including historical
records, material culture, archeozoology,
paleobotany, dental anthropology, ge-
netic studies or stable isotopes analysis.
The study of osteoporosis and bone
loss in the past is grounded in a different
set of methods, besides paleopathology,
that offer diverse (@and not necessarily
contradictory) views on bone health (see,
eg., Curate, 2014; Mays, 2008). Likewise,
the analysis of ancient subsistence and
diets is supported by different technical
approaches, which contribute to bolster
the knowledge about such elusive pa-
rameters of human life. The examination
of historical records and material culture
within the framework of archeology cer-
tainly give precious, albeit indirect, hints
on past diets (Garnsey, 1998; Samuel,
1996; Santos, 1995). Also, the study of the
archeological remains of food itself has
the potential to provide unique insights
into the nutrition of ancient societies
(Samuel, 1996; 2002). The latent possibili-
ties for archeozoological and paleobo-
tanical finds within the archeology of diet
are immense, especially when coupled
with isotopic evidence (Bocherens, 2002;
Boyd et al, 2008; van der Merwe et al,
2002). Archeological and documentary
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evidences have classically been used to
reconstruct paleodiets, and whilst these
sources convey us invaluable information
about the variety of available food at any
given historical moment, isotopic analy-
sis offers complementary paths of knowl-
edge, specifying what was consumed or
giving evidentiary details about the vari-
ance in intra-population access to food
resources (Prowse et al, 2005; Schwarcz
and Shoeninger, 1991, Umbelino, 2006).
Isotopic reconstructions of diet have so
far unveiled valuable information about
paleodiets in different archeological con-
texts (e.g., Ambrose et al, 2003; Katzen-
berg, 1989; Hiller et al.,, 2008; Lubell et al,,
1994; Prowse et al., 2005; Umbelino, 2006;
Umbelino and Cunha, 2012; van der Mer-
we et al, 2002). Traditionally, dental pa-
thology has also been employed in the
reconstruction of past diets (Henry et al,
2011; Lanfranco and Eggers, 2010; Wast-
erlain, 2006). More recently, a genetic
analysis of oral microbiota trapped inside
dental calculus disclosed new evidences
of dietary effects, health modifications
and oral pathogen genomic evolution in
the past (Adler et al,, 2013).

The paleopathological analysis of
the association between osteoporosis
and nutrition is thus securely substan-
tiated around a set of techniques that
allow us to create reasonable models
of bone health and diet in past human
populations. The problem is not one of
methodology but of method: these two

features of human health have rarely
been interpreted together with the ap-
propriate techniques. As such, an inte-
grated approach to osteoporosis and
nutrition, concerting relevant theoretical
questions with the available techniques,
is required for a thorough paleopatho-
logical analysis of their biological and
sociocultural relations.
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