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Abstract: Gout has been part of human history for thousands of years. Skeletal evidence of the
disease among past people in Europe is often associated with high-status individuals whose lifestyles
comprised risk factors for gout, including increased sedentism and greater access to rich, high-caloric,
food. A growing body of evidence, however, has shown that multiple factors other than lifestyle also
contribute to gout development. In 2011, Buckley presented a review of modern and pre-modern
gout cases in which she proposed that selective pressures may partly underlie the high prevalence of
gout in the population history of the Pacific region. In this paper, we provide an update on Buckley’s
2011 review of gout in human history. We also review early life stress as a potential underlying factor
to consider for gout development, particularly among small prehistoric communities where opulent
lifestyles traditionally associated with gout were unlikely to have occurred.

Keywords: gout; hyperuricaemia; prehistory; archaeology; paleopathology; early life stress; metabolic
syndrome

1. Introduction

Over the past several decades, gout cases have risen at an alarming rate causing a
significant global health burden [1,2]. However, more than just a recent phenomenon, gout
is an erosive arthropathy that has afflicted humanity since ancient times, and assessing
the history of this disease can be informative of the etiology of this issue today. Gout is a
monosodium urate crystal deposit disease resulting in inflammation and, in the absence
of modern treatment (that has been considered curative by dissolving the crystals), can
cause joint damage and early death [3,4]. Given that gout is such a painful and debilitating
disease [5], its impact would have been similarly detrimental in the past, with potential
social and economic consequences for individuals suffering from this disease and also
for the wider community. In 2011, Buckley [6] reported on the long history of gout by
synthesizing published paleopathological studies of the disease from various parts of
the world. In this review, she suggested that selective pressures could influence the
high occurrence of gout among modern and ancient populations in the Pacific, thereby
challenging the conventional view of gout purely as a lifestyle disease often linked with
affluent groups in European history [7–9].

The purpose of this current paper is to update Buckley’s [6] review of gout in pale-
opathology. We extend this review by offering several points of discussion that relate to
gout etiology in the past and the criteria used to identify gouty erosive lesions. Specifically,
we consider gout cases in the prehistory of the Asian mainland whose inhabitants are
ancestrally connected to Pacific groups through the Austronesian expansion with a high
prevalence of gout [10]. We consider the role of early life stress in gout susceptibility, partic-
ularly among small prehistoric communities where skeletal evidence for the disease cannot
be explained by affluent living. In past European societies, affluence was widely associated
with greater access and consumption of rich, high-caloric, food and alcohol, as well as
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increased sedentism. Finally, we reflect on the challenges of diagnosing gout in the skeleton
and offer some ways to develop the methods used to identify gouty erosive lesions.

2. Epidemiology of Gout in Brief

Affecting mainly adults, gout is a condition that is considered part of a cluster of
chronic metabolic disorders that tend to co-occur [11,12]. Metabolic disorders associated
with gout include the Metabolic Syndrome (MetS) and its individual components [13–15],
cardiovascular diseases [16–18], type 2 diabetes [19–22], psoriasis [23], chronic kidney
disease [24,25], and diffuse idiopathic skeletal hyperostosis (DISH) [26]. Gout primarily
occurs in older males and postmenopausal females [27]. Gout in children is rare and caused
by genetic disorders such as Lesch-Nyhan syndrome [28] and Von Gierke disease [29].
Children and pre-menopausal women have lower serum urate levels compared with
men [30]. These levels increase as children age. From puberty, levels continue to rise among
men, but only slightly among women until menopause when their values become more
comparable with men.

Hyperuricaemia, or an elevated serum urate level, is a prerequisite for gout [31], but
having hyperuricaemia does not necessarily lead to gout [32]. The hallmark of the condition
is the presence of urate crystals in the body, which can form into chalk-like nodules called
tophi, primarily in the joints [31]. Initial urate crystal deposits occur on the surface of the
cartilage of affected joints and tendons, which can develop into large tophi with advanced
gout. Over time, significant bone damage can occur where a tophus comes into contact
with bone. Chhana and colleagues [33] found that monosodium urate crystals reduce
osteoblastic formation, while greater osteoclastic activity causes bone erosion at the joint
site. For gout sufferers, inflammation of affected joints can cause disability, negatively
impacting overall quality of life [5].

Although gout prevalence is increasing globally, this varies among regions. In a
recent review of the Global Burden of Disease Study data from 1990 to 2019, Jeong and
colleagues [1] found greater frequencies of gout cases in Australasia, high-income North
America, and countries with high socioeconomic indices. In contrast, regions such as Asia,
Africa, and Central and South America reported low to mid-range prevalence rates for
the condition [2]. According to Dehlin and colleagues [2], review of gout prevalence rates
range from <1% up to 6.8% across multiple countries, with even higher prevalence in some
ethnic groups, particularly in the Asia-Pacific [34–36].

Within the Asia-Pacific region, high prevalence rates are observed among the in-
digenous peoples of Taiwan [35,37] and Polynesians [36,38]. In Taiwan, Chang and col-
leagues [37] reported a three-fold greater prevalence of gout among indigenous groups
compared with non-indigenous groups. Moreover, family history of gout among the gen-
eral Taiwanese population and indigenous groups also increases the risk of gout [39,40].
In the Pacific, studies have historically shown that some Polynesian groups, such as New
Zealand Māori, are more susceptible to gout than other ethnic groups living in the same
region [38,41]. Winnard and colleagues [42] found a significantly higher prevalence of gout
cases among Māori and Pacific peoples compared with Europeans and Asians, residing in
the same country based on the 2009 data from the Aotearoa New Zealand Health Tracker.
These studies also report the high prevalence of hyperuricaemia in Polynesian groups from
other regions of the Pacific [43,44].

Genetic predisposition for gout is one factor contributing to its high prevalence within
these ethnic groups such as Polynesians and indigenous Taiwanese [45]. The recent prolifer-
ation of genetic studies has led to the discovery of population-specific variants that appear
to increase the risk for hyperuricemia or gout in Polynesians. For example, Tanner and col-
leagues [46] identified ABCC4 rs4148500 as a risk factor for gout among Polynesians, which
is absent in New Zealand Europeans. The same study also identified a population-specific
variant, ABCC4 P1036L, in a small group of Western Polynesians with hyperuricaemia [46].
Among Pacific Islanders of Western Polynesian ancestry, hyperuricaemia and gout are also
associated with genetic variants associated with urate transporter proteins, such as ABCG2
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rs2231142, which reduces uric acid clearance from the body [47]. In another study, Phipps-
Green and colleagues [48] reported associations between four known genetic variants with
gout, in addition to two genetic variants that may protect against gout in individuals of
Polynesian ancestry. Genetic variants associated with early gout onset (<40 years old) and
tophi development have been found among indigenous Taiwanese [49], New Zealand
Europeans, and Polynesian groups [50].

In addition to genetics, a diet high in purines and alcohol consumption are well-
known risk factors for gout. Ancient Greek documents, for example, describe treatments
that include increasing the amount of vegetables consumed and decreasing alcohol intake to
manage the condition [9]. Modern studies have confirmed this association, demonstrating
that excessive consumption of food, particularly meat and seafood products that are high
in purines, as well as alcohol, can lead to gout [51,52]. Obesity is also associated with
increased serum urate levels, which increases the risk for the condition in some groups [40].
Related to this, current strategies to decrease risk include dietary changes, in combination
with weight loss [53–55].

A special form of gout, termed saturnine gout, is caused by chronic lead exposure [56].
Saturnine gout was primarily thought to occur from drinking tainted alcoholic beverages
stored in lead vessels. Cases of lead poisoning have been mentioned in European history,
such as in ancient Rome, but have also occurred in more recent times, particularly among
groups that tend to brew homemade alcohol [56,57]. In a clinical study of lead toxicity,
Emmerson [58] found there were no age or sex differences in affected individuals chronically
exposed to lead.

3. Gout among Pre-Modern Populations
3.1. Criteria for Diagnosing Gout in the Skeleton

Paleopathologists primarily rely on the examination of skeletal material to identify
gout in past populations. The presence of abnormal bone proliferation or erosion indicates a
pathological state, which arises due to the disruption of normal physiological processes [59].
Skeletal evidence for gout is characterized primarily by lytic bone lesions (Figure 1) with
well-defined erosions that form at the margins of synovial joints often along the long axis of
the bone [60,61]. These erosive lesions appear punched-out or scooped out and are round
or ovoid in shape on the cortical surface of the bone. These lesions also feature a layer
of remodeled, dense, bone, lining the internal lytic cavity (sclerosis on radiographs) that
distinguishes gouty lesions from other erosive arthropathies such as rheumatoid arthritis
(RA). The overhanging edges that extend from the cortex around the lesion opening are
also characteristic of bone changes with gout. With time, the erosive lesions can extend into
the subchondral bone or move into the diaphysis [62,63].

Standard recording practices are conducted as part of assessing individual skeletons
for disease in paleopathology (see [64]). A skeletal inventory, for example, is taken to
determine the completeness of each individual skeleton. To assess gouty erosive lesions, an
inventory of skeletal regions that are part of the synovial joints is most relevant. Estimates
of biological age (young, mid, and old adults) and sex are also assessed using morphologi-
cal landmarks on the skeleton. For sex estimation, this is conducted most reliably using the
skull and os coxae (pelvis) because they demonstrate strong sexual dimorphic features [64].
Given gout is an adult-onset disease, only adults are included in the assessment for the con-
dition. Individual skeletons are considered adults when their skeletal growth is complete
([65]; see also [64,66] for age estimation methods). Bones showing severe degenerative
pathology and postmortem taphonomic changes alternations that have compromised the
structural integrity of the bone are omitted from the analysis. In addition to these bone
recording/inventory methods, gout prevalence data can be presented by ‘individual’ or
by bone type. An ‘individual’ is defined by a bone count threshold (e.g., a minimum
of five complete metacarpals and five complete metatarsals [67]). Conducting the initial
recording outlined above, in concert with an accepted paleopathological assessment of
erosive lesions, provides more comprehensive knowledge of each individual and how
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pathology has affected the skeleton, increasing the probability of a true gout diagnosis
and prevalence at an archaeological site. Prevalence of differentially diagnosed disease at
archaeological sites, however, is based on the number of recovered skeletal individuals (a
cemetery sample) which does not represent the total cemetery sample. In addition to gross
assessment of erosive lesions, methods to diagnose gout from the presence of urate crystals
are used in paleopathology. These methods include microscopic or biochemical techniques
that require additional parameters of preparation, of which the details are beyond the scope
of this review but are described in other studies [68–70].

Gout Urate Cryst. Depos. Dis. 2023, 1, FOR PEER REVIEW 4 
 

 

 
Figure 1. Examples of gouty lesions from a modern male individual from the Anatomy Museum, 
University of Otago. (A,B): Photograph and radiograph of right first metatarsal showing an erosive 
lesion (black arrow) with scooped-out appearance and evidence for sclerosis. (C,D): Photograph 
and microCT image of the distal end of left second metacarpal showing erosive lesion (black arrow) 
and evidence for overhanging edge (white arrow) on palmer side. 
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Figure 1. Examples of gouty lesions from a modern male individual from the Anatomy Museum,
University of Otago. (A,B): Photograph and radiograph of right first metatarsal showing an erosive
lesion (black arrow) with scooped-out appearance and evidence for sclerosis. (C,D): Photograph and
microCT image of the distal end of left second metacarpal showing erosive lesion (black arrow) and
evidence for overhanging edge (white arrow) on palmer side.

Bone affected by tophaceous gout can be polyarticular but the condition is usually
monoarticular [63]. The first metatarsophalangeal joint is most frequently affected [31,32,71],
though crystal deposition can build up around other joints in the body [72]. Gouty lesions
have a predilection for the lower half of the body, but to a lesser extent, in the lower spine and
hips. The elbow and hand joints are also commonly involved [63]. Asymmetrical expression
of lesions is characteristic of the disease, however, more joints can be affected when the disease
is severe, increasing the likelihood of symmetrical patterning [73,74]. Asymmetry, however,
is an important feature to consider for differential diagnosis because it is not characteristic
of RA. Differential diagnosis of erosive lesions in paleopathology also includes seronegative
spondyloarthropathies, osteoarthritis, and hallux valgus.

On rare occasions, urate crystals have been found in archaeological assemblages mak-
ing it possible for a definitive gout diagnosis. These crystals, for example, have been
identified as white chalky masses on bone, as well as in the soft tissue of mummified
remains [68,75]. As mentioned above, methods using polarized light microscopy [69],
scanning electron microscopy [68], biochemical analysis using uricase [68], and high-
performance liquid chromatography [70] have been used to confirm the presence of urate
crystals in skeletal remains. Often, however, paleopathologists are restricted to diagnosing
gout by assessing the characteristics of erosive lesions around the joints and their distribu-
tion in the skeleton and as a result, a diagnosis of gout is much less certain. When visual
observation of the bone is limited, radiographs can offer essential information [76–78]. In
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these images, sclerosis and overhanging edges can be seen more clearly. Further still, in our
experience, microCT can help to identify gouty features on very small erosive lesions not
shown on radiographs. These erosive lesions are often associated with the small bones of
the hands and feet.

3.2. Gout in the ‘Old World’

Paleopathological studies of gout in the ‘Old World’ primarily involve skeletal assem-
blages from parts of Europe where the archaeological record has been well documented.
Many of these studies highlight the association between gout and high social status, the
latter often being linked to individuals whose lifestyle allows for a rich, high-purine diet
and sedentary living. Individual case studies of gout often describe prominent figures
in history, such as the Holy Roman Emperor Charles V (1516–1556 AD) [68], Federico of
Montefeltro, Duke of Urbino (1422–1482 AD) [79], and Ferdinand I, Grand Duke of Tuscany
(1549–1609 AD) [77], all of whom suffered from gout. In these studies, Charles V’s fifth
distal phalanx contained urate crystals, while the Dukes, Federico and Ferdinand, had
erosive lesions characteristic of gout on the first proximal metatarsal of the right foot, and
at the fourth distal interphalangeal joint of the left foot, respectively. Historical documents
written by or about these men describe the impacts that painful acute gout attacks had on
their lives.

Evidence for gout has also been found in skeletal assemblages from European ceme-
teries post-BC. Particularly representative are studies from British sites dating from the 1st
century AD onwards where many reports from these sites have also drawn a connection
between gout and lifestyle. Dittmar and colleagues [80] identified six individuals with gout
associated with an Augustinian friary, a parish church, and a hospital from the medieval
period in Cambridge. Half of these cases came from the Augustinian friary, which is a
cemetery associated with clergymen and high-status members of the community. Two cases
came from the hospital and one from the parish church. The same study, however, did not
find evidence for gout at a parish cemetery described to be for the rural poor. An osteobio-
graphical report of an old man from the same hospital in Cambridge included an isotopic
analysis that suggested that he had a richer diet, probably of meat or fish, compared with
the average person from the medieval period [81]. In the Romano-British archaeological site
of Cirencester, Wells [82] found skeletal evidence for gout in three individuals and wrote a
case report on one of the individuals who displayed the most severe skeletal manifestation
of this disease [83]. This individual was described as an old adult male who lived around
AD 150, exhibiting gouty lesions in numerous regions of the upper and lower limbs, with
large osteolytic lesions, particularly around his ankles and feet. Wells [83] speculated, based
on the man being entombed within a stone sarcophagus (one of only two from the site),
that this person might have been wealthy, and that his lifestyle, which may have included
a rich diet, may have contributed to the development of gout.

Waldron [84] found high lead concentrations at Cirencester. Despite this, the low
number of gout cases found here suggests lead poisoning may not have been a contributing
factor as we would expect that this would have been evident in the wider community.
Rothschild and colleagues [85] also investigated the possibility of lead poisoning at several
archaeological sites in Italy dating from the 1st to 3rd centuries AD. Among these sites,
however, it was found that only two individuals with possible evidence for gout among
several hundred skeletal individuals. Evidence for gout in prehistoric Europe is scarce.
One case from the Middle Bronze Age (4000–3600 Before Present [BP]) from Lerna, Greece,
has been found in a young to middle-aged male [86].

Few published studies have explored gout outside of Europe. From Egypt, Smith
and Dawson [75] describe an elderly man from an Early Christian burial (exact date not
known) near the temple of Philae, who was found with large amounts of urate crystals in
his upper and lower limbs. In Asia, skeletal evidence for gout was discovered in people
who do not have the type of indulgent lifestyle as some individuals found in Medieval
Europe. For example, Inoue and colleagues [87] encountered one individual with evidence
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for gout from the Middle Jomon period (4500–3500 BP) in Japan. The Jomon were sedentary
hunter-gatherers who lived prior to the transition to intensive agriculture [88]. In another
study, Pietrusewsky and Douglas [89] identified gouty lesions in two individuals from the
late Bronze Age (2900–2400 BP) at Ban Chiang, an archaeological site in Thailand.

3.3. Gout in the Pacific

Of the small number of studies that have explored gout in the prehistory of the Pacific
region, a common thread among them is the high number of individuals who have been
found with evidence for this disease (Table 1). One exception is a study by Suzuki [90]
that reported only one individual with possible evidence for gout from 349 individuals
from the Mokapu site in Hawai’i. Rothschild and Heathcote [78] reported fifteen cases
of gout from a skeletal assemblage dating between 950–1450 AD in Guam. Specifically,
gouty lesions were recorded in the upper and/or lower limbs of seven females and eight
males. Those who could be assigned an age estimate were mostly young to middle-aged
adults. Similarly, Buckley and colleagues [76] found skeletal evidence for gout in seven of
twenty adults from a 3000-year-old Lapita period site from Teouma, Vanuatu. At this site,
all affected individuals were male. A later study by Buckley and colleagues [91] reported
six of 42 individuals with evidence for gout from a settlement dating from 1288–1300 AD
from Wairau Bar, New Zealand. These affected individuals were all males ranging in age
from young to old adults.

Table 1. Reported cases of gout in ancient skeletal samples.

Location Study Date/Period Gout Cases (n/N *) Individual/s References

El Escorial, Spain Individual 1516–1556 AD 1 Holy Roman Emperor
Charles V [68]

Rome, Italy Individual Roman Imperial
Period 1 Tomb 75, old

adult female [92]

Urbino, Italy Individual 1422–1482 AD 1 Federico of Montefeltro,
Duke of Urbino [79]

Florence, Italy Individual 1549–1609 AD 1 Ferdinand I, 3rd Grand
Duke of Tuscany [77]

Florence, Italy Individual/also
collection 1618–1659 AD 1 Anton Francesco Maria,

adult male [93]

Rome, Italy Individual 1st–2nd century
AD 1 Adult female, 35–45 yo [94]

Cambridge, UK Individual 1195–1511 AD 1 Old male [81]

Herculaneum,
Italy Collection 1st century AD 1/75 No information [85]

Porto Recanati,
Italy Collection 1st century BC–3rd

century AD 1/79 No information [85]

Cirencester, UK Collection Romano-British
period, ~150 AD 3/384 Males [82,83]

Trowbridge, UK Collection Saxon period,
9–11th century AD 1/50 Male [95]

Poundbury, UK Collection Roman Period 5 3 males, 2 females [96]

St. Peters’ Church,
Barton-on-
Humber

UK
Collection 950–1855 AD 10/1938

(15 yo+)
4 males, 3 females,

3 unknowns [97]

Various, UK Individuals 14th–19th
century AD 5 4 old adult males, 1 old

adult female [70]
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Table 1. Cont.

Location Study Date/Period Gout Cases (n/N *) Individual/s References

Cambridge, UK Collection Medieval 6/177

4 young to old adult
males, 1 female middle

adult, 1 adult
unknown sex

[80]

Hartlepool, UK Collection 13th to 16th
century AD 1/93 Middle-aged male [98]

Northallerton, UK Collection,
Carmelite Priory

14th to 16th
century AD 1–2/7 2 adult males [99]

Messene, Greece Collection 5th–7th century
AD 2/74 2 young adults,

unknown sex [100]

Lerna, Greece Collection Middle Bronze
Age, 2000–1600 BC 1/102 35 yo, Male; 70 LER,

Burial BE-18 [86]

Egypt Individual Early Christian 1 Old adult, Male [75]

Ohta, Western
Japan Collection, Kiyono 4500–3500 BP,

Middle Jomon 1/45 Middle-aged, adult male [87]

Ban Chiang,
Thailand Collection 2100 BC to 200 AD 2/104 (15 yo+) 20–25 yo female,

45–50 yo male [89]

Mokapu, Hawai’i Collection “pre-European” 1/349 Male, mid-thirties [90]

Teouma site,
Vanuatu Collection, Lapita ~3000 BP 7/20 Males [76]

Chamorro, Guam Collection 950–1450 AD 15/268 7 females, 8 males [78]

Wairau Bar,
New Zealand Collection ~1288–1300 AD 6/42

3 young to middle
adult males,

3 middle to old
adult males

[91]

* Total number of individuals assessed (if data are available).

If we consider that the skeletal assemblage from an archaeological site is demograph-
ically representative of the population who inhabited it, then it appears that gout was
prevalent at the settlements in Teouma, Wairau Bar, and Guam. Rothschild and Heath-
cote [78] suggest that the high prevalence of gout in Guam could be related to genetic
factors, rather than solely to dietary factors. This is because the gout cases were distributed
equally among both males and females and included individuals from younger adult age
groups rather than the more at-risk group comprising older males and post-menopausal
females. Buckley and colleagues [76,91] also discuss the possible genetic predisposition
for hyperuricaemia and gout for the individuals at Teouma and Wairau Bar, combined
with a diet that included purine-rich seafood, which may have provided the appropriate
conditions for gout development in this community.

4. Discussion
4.1. Gout Etiology in Past Populations

The paleopathological literature reviewed in the previous section considers genetic
predisposition and the environment as etiological factors underlying gout development in
the various regions and chronological periods of human history. However, the environment
appears to be a primary trigger for gout [101–103]. By studying gout among male twins,
Krishnan and colleagues [104] found gout prevalence was similar between monozygotic
twins and dizygotic twins, suggesting that although genes may primarily determine the risk
for hyperuricaemia, it is the environment that largely determines the onset of the condition.

The traditional association of gout with lifestyle indicates the importance of locality
as a driver for the condition. In the medieval period, wealthy individuals from urban
societies were at greater risk for gout because only the wealthy could afford rich, high-
caloric food, such as meat and alcohol. Supporting this connection are the case studies
of past European nobility who suffered from gout [68,77,79] and gout cases being linked
to high-status and wealthy burials, particularly from medieval cemeteries [80,83]. The
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association between wealth and increased gout risk, however, does not occur in all instances.
Minozzi and colleagues [94] described a small 35–45-year-old female with a simple burial
who had skeletal evidence for polyarticular gout from Imperial Rome between the 1st
to 2nd centuries AD. The authors proposed hypothyroidism as the underlying cause of
her gout, a condition that may also explain her remarkably small size compared with the
average stature (15–20 cm shorter) of the other women buried in the cemetery. If her lack of
funerary assemblage is considered a marker of status, then she does not appear to have been
a high-status member of her community. Compared with Imperial Rome, early farming
settlements were smaller and less stratified, making it less likely that gout was caused by
affluent living in these communities. Hunter-gatherer and horticulturalist communities
with skeletal evidence for gout make the link between lifestyle (e.g., overeating, and
sedentary living) and gout even less compelling.

In 2011, Buckley [6] proposed a genetic predisposition to hyperuricaemia as a potential
risk factor to explain the high prevalence of gout found thus far in the prehistory of the
Pacific [76,78,91]. Buckley [6] considered genetic predisposition within the context of the
‘Thrifty Genotype Hypothesis’, which proposes that in past times the body increased insulin
production to process and store energy during periods of food abundance in preparation for
times of famine [105]. Although the human body’s ability to store energy during times of
food scarcity was a crucial survival mechanism in our human history, it can have negative
consequences for health when food becomes more readily available. This shift towards
a more stable food environment has led to an increased risk of diseases such as obesity,
diabetes, and hypertension. The high prevalence of gout among Pacific groups today may
be explained by the mismatch between the challenges faced by their ancestors and the
relative ease with which their descendants can access food [106]. However, it should be
noted that modern groups residing in the locality today may not share the same genetics
as groups who also resided there in the past. Gosling and colleagues [107] built on this
proposal by considering other factors, such as founder effects from inter-island voyages
and infectious diseases, that may have driven the selective pressures for hyperuricaemia
in the region. Gosling and colleagues [108] have argued that high levels of serum urate
can increase the rate of inflammatory response and clearance of malaria-infected cells that
increase the likelihood of survival, but this hypothesis remains untested. In support of a
genetic basis for metabolic disorders in the history of the Pacific, a study by Knapp and
colleagues [109] found a genetic variant associated with insulin resistance in an individual
from the early prehistoric New Zealand site of Wairau Bar who also demonstrated skeletal
evidence of gout.

Although gout can provide a proxy to investigate metabolic disorders in past pop-
ulations, DISH is another condition that has also been used for a similar purpose in
paleopathology ([6]; see also [110,111]). Understanding the epidemiology of DISH can
potentially tell us more about gout. DISH is a proliferative state and presents on dry bone
as abnormal flowing, bulbous ossifications along the vertebral column, accompanied by
extraspinal enthesophytes [63]. Evidence for gout and DISH comorbidity has been found
in several individuals in history [70,76,77,80]. Although the skeletal manifestations of
gout and DISH are different, the two conditions have some similarities epidemiologically.
For example, gout and DISH are considered diseases of lifestyle in Europe. Among Me-
dieval groups, a high frequency of DISH cases is associated with high-status burials and
monks [112,113]. Monastic life was thought to have been very comfortable in many ways,
particularly with access to high-caloric foods among the clergy of high rank [112,114,115].
Although the Lapita people from the site of Teouma in the Pacific relied on both marine
and terrestrial resources, the result of stable isotope analyses does not support the link
between DISH and a high protein diet at the site [116]. Stable isotope analyses, however,
do support this relationship in medieval Europeans [117]. Skeletal evidence for DISH in
hunter-gatherer communities such as a man who lived 7500–6500 years ago from Lake
Baikal in Russia [118], and two Jomon individuals (one male and one of unknown sex)
dating to 3500 to 2300 years ago from Rebun Island, Japan [119], present some of the earliest
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cases of the condition. These individuals would have relied on terrestrial resources and
aquatic species from nearby lakes or sea. In the latter study of the Jomon, the researchers
considered maternal stress as a risk factor for DISH, albeit briefly. DISH development
appears to have various pathways, some of which likely overlap with gout. Similar to gout,
Polynesians today also have a high prevalence of DISH [120]. In comparison with gout,
DISH is not clinically significant and has received less attention in the literature. The condi-
tion, however, is particularly relevant because it can be identified in the archaeology record.
More research of DISH in antiquity can help to understand the history of the condition and
its underlying mechanisms, and by extension MetS and other related conditions.

4.2. Gout and the Austronesian Link

If a genetic predisposition to hyperuricemia in the Pacific is accepted as a legacy of
the past, then it is possible that this susceptibility may extend further back in antiquity,
especially when the population history of the larger Asia-Pacific region is considered. As
mentioned above, indigenous Taiwanese and Polynesians both demonstrate high frequen-
cies of gout today. These two groups are part of the Austronesian-speaking language
family and are considered descendants of the early farmers who migrated from East Asia
approximately 4000 years ago [10]. From East Asia, they expanded into Taiwan, moving
into Island Southeast Asia and the Pacific. At the same time, farming groups also moved
from East Asia southwards into Mainland Southeast. The migratory routes were complex,
but genetic studies of modern-day populations support a close ancestral link between
people from mainland Asia and the Pacific [121,122].

Given this ancestral link, we may expect similar high frequencies of hyperuricemia
or gout in the Asian mainland today. Current reports do not show a high prevalence
of gout among modern groups in Mainland Southeast Asia compared with those from
the Pacific [1]. These data, however, do not consider the possible variation in prevalence
rates within countries and if studies were to be conducted among ethnic groups, these
prevalence rates may look different from the national statistics. To date, Pietrusewsky and
Douglas’ [89] skeletal report of Ban Chiang contains the only two published cases of gout in
prehistoric Mainland Southeast Asia. Based on this limited information, the susceptibility
to hyperuricemia and gout observed in Island Southeast Asia and the Pacific is not similarly
reflected in the Asian mainland. Rather, the high prevalence of gout among Taiwanese
aboriginals and some Pacific groups could be a health legacy of the Austronesian expansion
from East Asia. Alternatively, selective pressures for hyperuricemia and gout may have
occurred separately in Taiwan and the Pacific, and not at the beginning of the so-called
Austronesian expansion. That said, published information on gout in the archaeology of
mainland Asia is limited. More research into this topic may help to clarify the condition’s
history in this region and its possible connections to other places in the Asia-Pacific.

4.3. Early Life Stress as a Contributor to Gout Development

The Developmental Origins of Health and Disease hypothesis refers to the relationship
between early life stress and the increased risk for chronic metabolic disorders in adult-
hood. Within this field, Hales and Barker [123] proposed one of the earlier explanations
for this relationship that they termed the Thrifty Phenotype Hypothesis. They hypothe-
sized that during periods of chronic fetal and/or infant stress from undernutrition, the
body will allocate the limited resources to important organs, particularly the brain while
compromising the growth of other organs. Hales and Barker [123] used the pancreas as
an example of an organ that could be compromised, arguing that restrictions placed on its
growth can permanently impair its function, increasing susceptibility to type 2 diabetes
in later life. Alternative models were later established that build on the Thrifty Pheno-
type Hypothesis. Gluckman and colleagues [124], for example, proposed the Predictive
Adaptive Response, which focuses on the ability of the fetus to adapt to its most likely
postnatal surroundings based on cues taken from the intrauterine environment. If the
fetus adapts to a resource-poor environment, but the opposite is true and they experi-
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ence a resource-rich environment, they are at greater risk of chronic metabolic diseases in
adulthood. More recently, Wells [125] proposed the metabolic capacity-load model that
centers around the concept of metabolic equilibrium, a state where the body is functioning
optimally. Metabolic capacity is defined as the theoretical amount of nutrition (metabolic
load) a body can process without disrupting the metabolic equilibrium. This capacity-load
model posits that a person whose growth is impaired is at greater risk for disease because
they have a small metabolic capacity and therefore can only process a smaller metabolic
load in later life than a person who experienced normal growth.

Famines in recent history have provided opportunities to investigate the long-term
consequences of early life stress. For example, Roseboom and colleagues [126] found
that individuals who were gestationally exposed to the Dutch Famine (1943–1947) were
at greater risk of developing one or more metabolic disorders in later life, including
glucose intolerance, dyslipidemia, obesity, and cardiovascular disease with individuals
who were exposed to the famine in early gestation having a risk of the development of more
metabolic disorders. Similar findings have also been reported among individuals exposed
to the Chinese Great Famine (1959–1961) who demonstrated a greater risk of developing
cardiovascular disease [127,128], chronic kidney disease [129], and non-alcoholic fatty liver
disease [130].

A study conducted by Eriksson and colleagues [131] on the Helsinki Birth Cohort, born
between 1934 and 1944, found that individuals with low birth weight or who were small in
infancy, both used as a measure of early life stress, demonstrated a greater risk of coronary
heart disease in adulthood. Poor growth and dysfunction of the liver from early life stress
was considered one underlying risk factor for later disease development given the role of
the liver in lipid metabolism [132]. Studies have also found that individuals born small, who
then experienced rapid growth in childhood, were more likely to develop metabolic-related
disorders as adults compared with those who maintained a consistent size throughout
their growth [131,133]. Evidence of rapid growth suggests that these individuals were
experiencing better postnatal environments and potentially more nutrition than their bodies
could process.

During later postnatal development, the body is also vulnerable to growth restrictions,
which can be linked to morbidity in adulthood. In a Guatemalan cohort, for example,
childhood morbidity appears to be a predictor of elevated glucose levels and central
obesity among young adults [134]. Stunting among children in Ethiopia has been linked
to seasonal and temperature changes which determine food availability and disease risk
among agricultural groups [135]. Children from poor families in lowland Nepal were
more likely to be stunted, and had smaller and weaker organs, compared with children
who had grown up in better socioeconomic conditions [136]. Among animal studies, it
was found that undernourished pups weighed less, had smaller organs, and were more
likely to develop impaired glucose intolerance and obesity in later life [137,138]. Smallness
from stress also extends to linear growth. For example, rural children from the Peruvian
highlands who grew up more stressed had shorter limbs than urban children living on the
coast [139]. Poor growth and function of the body appear to be a biological cost of chronic
stress exposure.

Given the connection between early life stress and chronic metabolic disorders [140], as
well as the connection between gout and the same disorders [11], it is reasonable to consider
a possible connection between early life stress and gout. This is because chronic stress
exposure can compromise organ growth and function, such as the liver, kidney, and gut,
which are responsible for purine and uric acid metabolism [141]. This scenario may explain
gout cases where a rich lifestyle or genetic predisposition may be unlikely factors. The small
woman from Imperial Rome [94] is one example where stunted growth, thought to be from
hyperthyroidism, may also have increased her risk for gout. It is also possible that early
life stress events might have contributed to the development of gout present in the small
number of cases present among the small communities of Jomon hunter-gatherers [87], and
the early farmers of Ban Chiang [89]. Jomon foragers [142] and Ban Chiang farmers [143]



Gout Urate Cryst. Depos. Dis. 2023, 1 227

both showed evidence for multiple skeletal indicators of childhood stress. Although these
indicators are non-specific and could have a variety of causes, the researchers considered
events such as infectious diseases and seasonal food shortages (specifically among the
forager groups) which are linked to nutritional deficiencies and elevated physiological
stress exposure in these groups. Individuals with smaller, compromised, metabolic capacity
are at greater risk of disease such as gout if their metabolic load surpasses what their body
could process [125].

4.4. Difficulties of Diagnosing Gout in the Skeleton

Unlike clinicians who can draw on a broad range of methods to diagnose gout [31],
paleopathologists are limited to a narrow set of criteria that relates to the skeleton [60].
Assessing archaeological material for gout comes with additional challenges. First, a full
assessment may not be possible because skeletal remains can come in different states of
completeness and preservation. This increases the probability of misdiagnosis. Second,
individuals with skeletal evidence for gout represent only a subset of cases. These are
individuals who suffered from chronic tophaceous gout resulting in erosive lesions whereas
gouty individuals with no skeletal manifestations cannot be considered in paleopathological
assessment. Lastly, small erosive lesions may be overlooked or mistaken for foramina (or
vice versa). Consequently, large erosive lesions with clear gouty features are often recorded.
Although these types of lesions present strong evidence for gout in the skeleton, not
accounting for early-stage lesions further reduces the quantification of the true number of
gout cases in an archaeological population.

A stronger set of diagnostic criteria for gout in bone is essential to address the chal-
lenges of assessing skeletal assemblages in the field. Imaging techniques (e.g., radiographs,
microcomputed tomography) can help broaden the scope of analysis in archaeology. How-
ever, access to these technologies can be limited or difficult to access if skeletal remains are
kept in remote repositories. The high costs to use some of the equipment can also limit
the number of individuals that can be assessed. This becomes challenging when analysis
involves large or multi-site skeletal collections. In addition to these tools, gout has been
definitively diagnosed from the presence of urate crystal deposition using technologies
such as double energy computed tomography [32,144,145], ultrasound [144,145], and Ra-
man spectroscopy [146], in a modern clinical and research setting. These technologies
could potentially be applicable in the archaeological context, particularly in well-preserved
bodies with soft and skeletal tissues intact. Finding crystal deposits in human remains,
however, has not received much attention because the skeleton (dry bone) is usually what
is recovered from archaeological sites. Assessing bone for the presence of urate crystals
requires additional processes for approval given a sample must be extracted for analysis.
Non-destructive methods are generally preferred to maintain the preservation of skeletal
material in archaeology. That said, multi-technique approaches have been applied to in-
dividual gout cases, which can provide a more nuanced assessment of gout in skeletal or
mummified remains [68].

Given that paleopathologists often rely on the analysis of dry bone for evidence of gout,
lesion appearance, and distribution become essential features for diagnosing the disease.
Little, however, is yet known about the different stages of osseous gout development.
Specifically, the early formation of gouty lesions before they become large enough for visual
or radiographic identification by paleopathologists is unclear. For this reason, it is difficult
to identify erosive lesions associated with tophaceous gout at an early stage. It is also
unclear if there are any changes in patterns in lesion distribution in the skeleton with disease
progression. To date, clinical research has explored in-depth how gout manifests in the
skeleton from a cross-sectional sample, but not with disease progression [32,71,72,74,147].
More information on how tophaceous gout affects bone over time, from early to late stage,
can help build stronger diagnostic criteria for gout in the skeleton, while also reducing the
probability of misdiagnosis.
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5. Conclusions

Today, gout is a common condition with prevalence rates that are increasing globally.
In this review, we provided a synthesis of paleopathological studies that highlight the
long history of gout worldwide. From this synthesis, we consider how variations in gout
prevalence and etiology can vary between regions. These studies have identified lifestyle
and genetics as risk factors for gout. There is a significant body of evidence that has linked
early life stress with several metabolic-related disorders, indicating a potential association
with gout, though no direct evidence has been found. We can investigate this potential
association by considering the biocultural context of an archaeological site in combination
with skeletal evidence of gout and skeletal markers of specific and non-specific stress
experienced during growth. Knowing the type and degree of stress a person experienced
growing up, as well as their surrounding environment (cultural and physical) in adulthood,
can help us understand the underlying factors that may have led to gout development.

By improving the diagnostic criteria for gout in the skeleton, paleopathologists can
strengthen their assessments and better account for the different stages of gout in these
ancient groups. It is well known that gout is a debilitating condition, and we expect
that prehistoric people with the disease were faced with similar experiences of pain and
suffering. With further studies of gout in the past, we may learn more about the impact
of this disease on the lives of people in ancient communities. These studies could also tell
us more about how gout has progressed over the course of human history to become the
widespread condition it is today, and what risk factors may underlie gout development at
different places and times.
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not Māori, case and control sample sets. Hum. Mol. Genet. 2010, 19, 4813–4819. [CrossRef] [PubMed]

48. Phipps-Green, A.J.; Merriman, M.E.; Topless, R.; Altaf, S.; Montgomery, G.W.; Franklin, C.; Jones, G.T.; van Rij, A.M.; White, D.;
Stamp, L.K.; et al. Twenty-eight loci that influence serum urate levels: Analysis of association with gout. Ann. Rheum. Dis. 2016,
75, 124–130. [CrossRef] [PubMed]

49. Tu, H.-P.; Ko, A.M.-S.; Chiang, S.-L.; Lee, S.-S.; Lai, H.-M.; Chung, C.-M.; Huang, C.-M.; Lee, C.-H.; Kuo, T.-M.; Hsieh, M.-J.; et al.
Joint Effects of Alcohol Consumption and ABCG2 Q141K on Chronic Tophaceous Gout Risk. J. Rheumatol. 2014, 41, 749–758.
[CrossRef]

50. Zaidi, F.; Narang, R.K.; Phipps-Green, A.; Gamble, G.G.; Tausche, A.-K.; So, A.; Riches, P.; Andres, M.; Perez-Ruiz, F.;
Doherty, M.; et al. Systematic genetic analysis of early-onset gout: ABCG2 is the only associated locus. Rheumatology 2020, 59,
2544–2549. [CrossRef]

51. Nielsen, S.M.; Zobbe, K.; Kristensen, L.E.; Christensen, R. Nutritional Recommendations for Gout: An Update from Clinical
Epi-demiology. Autoimmun. Rev. 2018, 17, 1090–1096. [CrossRef]

52. Choi, H.K.; Liu, S.; Curhan, G. Intake of purine-rich foods, protein, and dairy products and relationship to serum levels of uric
acid: The Third National Health and Nutrition Examination Survey. Arthritis Rheum. 2005, 52, 283–289. [CrossRef]

53. Arthritis Society Home Page. Available online: https://arthritis.ca/ (accessed on 7 July 2022).
54. UK Gout Society. All about Gout and Diet. Available online: http://www.ukgoutsociety.org/PDFs/goutsociety-

allaboutgoutanddiet-0917.pdf (accessed on 5 July 2022).
55. Ministry of Health New Zealand. Food and Nutrition Guidelines for Healthy Adults: A Background Paper; Ministry of Health:

Wellington, New Zealand, 2003.
56. Dalvi, S.R.; Pillinger, M.H. Saturnine Gout, Redux: A Review. Am. J. Med. 2013, 126, 450.e1–450.e8. [CrossRef]
57. Halla, J.T.; Ball, G.V. Saturnine gout: A review of 42 patients. Semin. Arthritis Rheum. 1982, 11, 307–314. [CrossRef] [PubMed]
58. Emmerson, B.T. The Clinical Differentiation of Lead Gout from Primary Gout. Arthritis Rheum. 1968, 11, 623–634. [CrossRef]

[PubMed]
59. Klaus, H.D.; Lynnerup, N. Abnormal Bone: Considerations for Documentation, Disease Process Identification, and Differential

Diagnosis. In Ortner’s Identification of Pathological Conditions in Human Skeletal Remains, 2nd ed.; Buikstra, J.E., Ed.; Academic Press:
London, UK, 2019; pp. 59–89.

60. Waldron, T. Joint diseases. In Ortner’s Identification of Pathological Conditions in Human Skeletal Remains, 2nd ed.; Buikstra, J.E., Ed.;
Academic Press: London, UK, 2019; pp. 719–748.

61. Waldron, T. Palaeopathology; Cambridge University Press: New York, NY, USA, 2009.
62. Brower, A.C.; Flemming, D.J. Arthritis in Black and White, 3rd ed.; Elsevier/Saunders: Philadelphia, PA, USA, 2012. [CrossRef]
63. Resnick, D.; Niwayama, G. Diagnosis of Bone and Joint Disorders, 3rd ed.; Saunders: Philadelphia, PA, USA, 1995.
64. Buikstra, J.E.; Ubelaker, D.H. Standards for Data Collection from Human Skeletal Remains: Proceedings of a Seminar at the Field Museum

of Natural History, Organized by Jonathan Haas; Arkansas Archeological Survey: Fayetteville, AR, USA, 1994.
65. Bogin, B. Patterns of Human Growth, 3rd ed.; Cambridge University Press: Cambridge, UK, 2020.
66. O’Connell, L. Guidance on Recording Age at Death in Adult Human Skeletal Remains. In Updated Guidelines to the Standards for

Recording Human Remains; Mitchell, P.D., Brickley, M., Eds.; Chartered Institute for Archaeologists: Reading, UK, 2017.
67. Ling, N.Y. Skeletal Evidence of the Metabolic Syndrome and Early Life Stress in Mainland Asia. Ph.D. Thesis, University of

Otago, Dunedin, New Zealand, 2022.

https://doi.org/10.1136/ard.56.1.22
https://doi.org/10.1136/annrheumdis-2013-204067
https://doi.org/10.1093/rheumatology/37.3.258
https://doi.org/10.1136/ard.19.2.120
https://doi.org/10.1093/rheumatology/ker361
https://doi.org/10.1016/S0140-6736(66)91320-1
https://doi.org/10.1016/0021-9681(81)90052-7
https://www.ncbi.nlm.nih.gov/pubmed/7462382
https://doi.org/10.1038/s41584-018-0004-x
https://www.ncbi.nlm.nih.gov/pubmed/29740155
https://doi.org/10.1002/art.40110
https://www.ncbi.nlm.nih.gov/pubmed/28371506
https://doi.org/10.1093/hmg/ddq412
https://www.ncbi.nlm.nih.gov/pubmed/20858603
https://doi.org/10.1136/annrheumdis-2014-205877
https://www.ncbi.nlm.nih.gov/pubmed/25187157
https://doi.org/10.3899/jrheum.130870
https://doi.org/10.1093/rheumatology/kez685
https://doi.org/10.1016/j.autrev.2018.05.008
https://doi.org/10.1002/art.20761
https://arthritis.ca/
http://www.ukgoutsociety.org/PDFs/goutsociety-allaboutgoutanddiet-0917.pdf
http://www.ukgoutsociety.org/PDFs/goutsociety-allaboutgoutanddiet-0917.pdf
https://doi.org/10.1016/j.amjmed.2012.09.015
https://doi.org/10.1016/0049-0172(82)90053-1
https://www.ncbi.nlm.nih.gov/pubmed/6821383
https://doi.org/10.1002/art.1780110504
https://www.ncbi.nlm.nih.gov/pubmed/5680985
https://doi.org/10.1016/c2011-0-69703-0


Gout Urate Cryst. Depos. Dis. 2023, 1 231

68. Ordi, J.; Alonso, P.L.; de Zulueta, J.; Esteban, J.; Velasco, M.; Mas, E.; Campo, E.; Fernández, P.L. The Severe Gout of Holy Roman
Emperor Charles, V.N. Engl. J. Med. 2006, 355, 516–520. [CrossRef] [PubMed]

69. Limbrey, S.; Brickley, M.; Marques, C.; Swinson, D. Identification of urate crystals in gouty individuals. J. Archaeol. Sci. 2011,
38, 2497–2501. [CrossRef]

70. Swinson, D.; Snaith, J.; Buckberry, J.; Brickley, M. High performance liquid chromatography (HPLC) in the investigation of gout
in palaeopathology. Int. J. Osteoarchaeol. 2008, 20, 135–143. [CrossRef]

71. Taylor, W.J.; Fransen, J.; Jansen, T.L.; Dalbeth, N.; Schumacher, H.R.; Brown, M.; Louthrenoo, W.; Vazquez-Mellado, J.; Eliseev, M.;
McCarthy, G.; et al. Study for Updated Gout Classification Criteria: Identification of Features to Classify Gout. Arthritis Care Res.
2015, 67, 1304–1315. [CrossRef] [PubMed]

72. Towiwat, P.; Chhana, A.; Dalbeth, N. The anatomical pathology of gout: A systematic literature review. BMC Musculoskelet.
Disord. 2019, 20, 140. [CrossRef]

73. Yokose, C.; Dalbeth, N.; Wei, J.; Nicolaou, S.; Simeone, F.J.; Baumgartner, S.; Fung, M.; Zhang, Y.; Choi, H.K. Radiologic evidence
of symmetric and polyarticular monosodium urate crystal deposition in gout—A cluster pattern analysis of dual-energy CT.
Semin. Arthritis Rheum. 2020, 50, 54–58. [CrossRef]

74. Doyle, A.J.; Dalbeth, N.; McQueen, F.; Boyer, L.; Dong, J.; Rome, K.; Frecklington, M. Gout on CT of the Feet: A Symmetric
Arthropathy. J. Med. Imaging Radiat. Oncol. 2016, 60, 54–58. [CrossRef]

75. Smith, G.E.; Dawson, W.R. Egyptian Mummies; Routledge and Kegan Paul: New York, NY, USA, 2002.
76. Buckley, H.R. Possible Gouty Arthritis in Lapita-Associated Skeletons from Teouma, Efate Island, Central Vanuatu. Curr.

Anthropol. 2007, 48, 741–749. [CrossRef]
77. Fornaciari, G.; Giuffra, V.; Giusiani, S.; Fornaciari, A.; Villari, N.; Vitiello, A. The ‘gout’ of the Medici, Grand Dukes of Florence: A

palaeopathological study. Rheumatology 2009, 48, 375–377. [CrossRef]
78. Rothschild, B.M.; Heathcote, G.M. Characterization of gout in a skeletal population sample: Presumptive diagnosis in a Micro-

nesian Population. Am. J. Phys. Anthropol. 1995, 98, 519–525. [CrossRef] [PubMed]
79. Fornaciari, A.; Giuffra, V.; Armocida, E.; Caramella, D.; Rühli, F.J.; Galassi, F.M. Gout in Duke Federico of Montefeltro (1422–1482):

A new pearl of the Italian Renaissance. Clin. Exp. Rheumatol. 2018, 36, 15–20. [PubMed]
80. Dittmar, J.M.; Mitchell, P.D.; Jones, P.M.; Mulder, B.; Inskip, S.A.; Cessford, C.; Robb, J.E. Gout and ‘Podagra’ in Medieval

Cambridge, England. Int. J. Paleopathol. 2021, 33, 170–181. [CrossRef]
81. Robb, J.; Inskip, S.A.; Cessford, C.; Dittmar, J.; Kivisild, T.; Mitchell, P.D.; Scheib, C. Osteobiography: The History of the Body as

Real Bottom-Line History. Bioarchaeol. Int. 2019, 3, 16–31. [CrossRef] [PubMed]
82. Jones, R.F.J.; McWhirr, A.; Viner, L.; Wells, C. Romano-British Cemeteries at Cirencester. Britannia 1985, 16, 349. [CrossRef]
83. Wells, C. A Palaeopathological Rarity in a Skeleton of Roman Date. Med. Hist. 1973, 17, 399–400. [CrossRef]
84. Waldron, T. Human Bone Lead Concentrations. In Romano-British Cemeteries at Cirencester; Cirencester Excavation Committee,

Corinium Museum: Cirencester, UK, 1982.
85. Rothschild, B.; Coppa, A.; Petrone, P. “Like a virgin”: Absence of rheumatoid arthritis and treponematosis, good sanitation and

only rare gout in Italy prior to the 15th century. Reumatismo 2011, 56, 61–66. [CrossRef]
86. Bilsborough, A.; Angel, J.L. The People of Lerna: Analysis of a Prehistoric Aegean Population; American School of Classical Studies at

Athens, Smithsonian Institution Press: Princeton, NJ, USA; Washington, DC, USA, 1972; Volume 7, p. 487. [CrossRef]
87. Inoue, K.; Hukuda, S.; Nakai, M.; Katayama, K. Erosive Arthritis of the Foot with Characteristic Features of Tophaceous Gout in

the Jomon Skeletal Population. Anthr. Sci. 1998, 106, 221–228. [CrossRef]
88. Imamura, K. Prehistoric Japan: New Perspectives on Insular East Asia; UCL Press: London, UK, 1996.
89. Pietrusewsky, M.; Douglas, M.T. Ban Chiang, a Prehistoric Village Site in Northeast Thailand, Volume 1: The Human Skeletal Remains;

University of Pennsylvania Museum of Archaeology: Philadelphia, PA, USA, 2002.
90. Suzuki, T. Paleopathological and Paleoepidemiological Investigation of Human Skeletal Remains of Early Hawaiians from

Mokapu Site, Oahu Island, Hawaii. Jpn. Rev. 1993, 4, 83–128.
91. Buckley, H.R.; Tayles, N.; Halcrow, S.E.; Robb, K.; Fyfe, R. View of The People of Wairau Bar: A Re-examination. J. Pac. Archaeol.

2010, 1, 1–20.
92. Fornaciari, G.; Marinozzi, S.; Messineo, D.; Caldarini, C.; Zavaroni, F.; Iorio, S.; Sveva, L.; Capuani, S.; Catalano, P.; Gazzaniga, V.

A remarkable case of gout in the Imperial Rome: Surgery and diseases in antiquity by osteoarchaeological, paleopathological,
and historical perspectives. Int. J. Osteoarchaeol. 2019, 29, 797–807. [CrossRef]

93. Giuffra, V.; Minozzi, S.; Vitiello, A.; Fornaciari, A. On the history of gout: Paleopathological evidence from the Medici family of
Florence. Clin. Exp. Rheumatol. 2017, 35, 321–326. [PubMed]

94. Minozzi, S.; Bianchi, F.; Pantano, W.; Pantano, P.; Caramella, D.; Fornaciari, G. A Case of Gout from Imperial Rome (1st–2nd
Century AD). J. Clin. Res. Bioeth. 2013, 4, 1000162.

95. Rogers, J.; Watt, I.; Dieppe, P. Medical History: Arthritis in Saxon and mediaeval skeletons. BMJ 1981, 283, 1668–1670. [CrossRef]
96. Roberts, C.A.; Cox, M. Health & Disease in Britain: From Prehistory to the Present Day; Sutton Publishing: Gloucester, UK, 2003.
97. Waldron, T. Barton-Upon-Humber, Lincolnshire: A Parish Church and its Community: The Human Remains; Oxbow Books: Oxford, UK,

2007; Volume 2.
98. Daniels, R. The Excavation of the Church of the Franciscans, Hartlepool, Cleveland. Archaeol. J. 1986, 143, 260–304. [CrossRef]

https://doi.org/10.1056/NEJMon060780
https://www.ncbi.nlm.nih.gov/pubmed/16885558
https://doi.org/10.1016/j.jas.2010.06.015
https://doi.org/10.1002/oa.1009
https://doi.org/10.1002/acr.22585
https://www.ncbi.nlm.nih.gov/pubmed/25777045
https://doi.org/10.1186/s12891-019-2519-y
https://doi.org/10.1016/j.semarthrit.2019.07.002
https://doi.org/10.1111/1754-9485.12419
https://doi.org/10.1086/520967
https://doi.org/10.1093/rheumatology/ken493
https://doi.org/10.1002/ajpa.1330980411
https://www.ncbi.nlm.nih.gov/pubmed/8599385
https://www.ncbi.nlm.nih.gov/pubmed/29461958
https://doi.org/10.1016/j.ijpp.2021.04.007
https://doi.org/10.5744/bi.2019.1006
https://www.ncbi.nlm.nih.gov/pubmed/32457928
https://doi.org/10.2307/526428
https://doi.org/10.1017/S0025727300019025
https://doi.org/10.4081/reumatismo.2004.61
https://doi.org/10.2307/2800930
https://doi.org/10.1537/ase.106.221
https://doi.org/10.1002/oa.2792
https://www.ncbi.nlm.nih.gov/pubmed/27749216
https://doi.org/10.1136/bmj.283.6307.1668
https://doi.org/10.1080/00665983.1986.11021135


Gout Urate Cryst. Depos. Dis. 2023, 1 232

99. Randerson, M.J.; Watson, J.E.; Graham, D.J.; Caffell, A.; Cumberpatch, C.; Gidney, L.; Gutiérrez, A.; Jones, J.; Nolan, J. Archaeolog-
ical Investigations at Priory Close, Northallerton, North Yorkshire. Yorks. Archaeol. J. 2015, 87, 37–64. [CrossRef]

100. Bourbou, C. Health patterns of proto-Byzantine populations (6th-7th centuries AD) in south Greece: The cases of Eleutherna
(Crete) and Messene (Peloponnese). Int. J. Osteoarchaeol. 2003, 13, 303–313. [CrossRef]

101. Dalbeth, N.; McLean, L. Etiology and Pathogenesis of Gout. In Rheumatology, 7th ed.; Hochberg, M.C., Gravallese, E.M.,
Silman, A.J., Smolen, J.S., Weinblatt, M.E., Weisman, M.H., Eds.; Elsevier: Amsterdam, The Netherlands, 2019; pp. 1598–1609.

102. Merriman, T. The Genetic Basis of Gout. In Oxford Textbook of Osteoarthritis and Crystal Arthropathy; Doherty, M., Hunter, D.J.,
Bijlsma, H., Arden, N., Dalbeth, N., Eds.; University Press: Oxford, UK, 2016; pp. 401–410.

103. Merriman, T. Genomic Influences on Hyperuricemia and Gout. Rheum. Dis. Clin. North Am. 2017, 43, 389–399. [CrossRef]
104. Krishnan, E.; Lessov-Schlaggar, C.N.; Krasnow, R.E.; Swan, G.E. Nature Versus Nurture in Gout: A Twin Study. Am. J. Med. 2012,

125, 499–504. [CrossRef]
105. Neel, J.V. Diabetes Mellitus: A “Thrifty” Genotype Rendered Detrimental by “Progress”? Am. J. Hum. Genet. 1962, 14, 353–362.

[PubMed]
106. Manus, M.B. Evolutionary Mismatch. Evol. Med. Public Health 2018, 2018, 190–191. [PubMed]
107. Gosling, A.L.; Buckley, H.R.; Matisoo-Smith, E.; Merriman, T.R. Pacific Populations, Metabolic Disease and ‘Just-So Stories’: A

Cri-tique of the ‘Thrifty Genotype’ Hypothesis in Oceania. Ann. Hum. Genet. 2015, 79, 470–480. [PubMed]
108. Gosling, A.; Matisoo-Smith, E.; Merriman, T. Hyperuricaemia in the Pacific: Why the Elevated Serum Urate Levels? Rheumatol.

Int. 2013, 34, 743–757.
109. Knapp, M.; Horsburgh, K.A.; Prost, S.; Stanton, J.-A.; Buckley, H.R.; Walter, R.K.; Matisoo-Smith, E.A. Complete mitochondrial

DNA genome sequences from the first New Zealanders. Proc. Natl. Acad. Sci. USA 2012, 109, 18350–18354. [CrossRef]
110. Buckley, H.R.; Buikstra, J.E. Stone Agers in the Fast Lane? How Bioarchaeologists Can Address the Paleo Diet Myth. In

Bioarchaeologists Speak out: Deep Time Perspectives on Contemporary Issues; Buikstra, J.E., Ed.; Springer International Publishing:
Cham, Scwitzernald, 2019; pp. 161–180. [CrossRef]

111. Wells, J.C.; Ling, N.Y.; Stock, J.T.; Buckley, H.; Leonard, W.R. Metabolic Diseases in Bioarchaeology: An Evolutionary Medicine
Approach. Palaeopathology and Evolutionary Medicine: An Integrated Approach. In Palaeopathology and Evolutionary Medicine:
An Integrated Approach, 1st ed.; Plomp, K.A., Roberts, C.A., Elton, S., Bentley, G.R., Eds.; Oxford University Press: Oxford, UK,
2022; pp. 284–302.

112. Rogers, J.; Waldron, T. DISH and the Monastic Way of Life. Int. J. Osteoarchaeol. 2001, 11, 357–365.
113. Verlaan, J.J.; Oner, F.C.; Maat, G.J.R. Diffuse idiopathic skeletal hyperostosis in ancient clergymen. Eur. Spine, J. 2007, 16, 1129–1135.

[CrossRef]
114. Kerr, J. Life in the Medieval Cloister; Bloomsbury Publishing: London, UK, 2009.
115. Waldron, T. DISH at Merton Priory: Evidence for a “New” Occupational Disease? BMJ 1985, 291, 1762–1763.
116. Foster, A.; Kinaston, R.; Spriggs, M.; Bedford, S.; Gray, A.; Buckley, H. Possible diffuse idiopathic skeletal hyperostosis (DISH) in a

3000-year-old Pacific Island skeletal assemblage. J. Archaeol. Sci. Rep. 2018, 18, 408–419. [CrossRef]
117. Quintelier, K.; Ervynck, A.; Müldner, G.; Van Neer, W.; Richards, M.P.; Fuller, B.T. Isotopic examination of links between diet,

social differentiation, and DISH at the post-medieval Carmelite Friary of Aalst, Belgium. Am. J. Phys. Anthr. 2014, 153, 203–213.
[CrossRef]

118. Faccia, K.; Waters-Rist, A.; Lieverse, A.R.; Bazaliiskii, V.I.; Stock, J.T.; Katzenberg, M.A. Diffuse idiopathic skeletal hyperostosis
(DISH) in a middle Holocene forager from Lake Baikal, Russia: Potential causes and the effect on quality of life. Quat. Int. 2016,
405, 66–79. [CrossRef]

119. Oxenham, M.F.; Matsumura, H.; Nishimoto, T. Diffuse idiopathic skeletal hyperostosis in Late Jomon Hokkaido, Japan. Int. J.
Osteoarchaeol. 2006, 16, 34–46. [CrossRef]

120. Bateman, M.; Hapuarachchi, K.; Pinto, C.; Doyle, A.J. Diffuse idiopathic skeletal hyperostosis (DISH): Increased prevalence in
Pacific Islanders. J. Med. Imaging Radiat. Oncol. 2018, 62, 188–193. [CrossRef]

121. Lipson, M.; Loh, P.-R.; Patterson, N.; Moorjani, P.; Ko, Y.-C.; Stoneking, M.; Berger, B.; Reich, D. Reconstructing Austronesian
population history in Island Southeast Asia. Nat. Commun. 2014, 5, 4689. [CrossRef] [PubMed]

122. Lipson, M.; Cheronet, O.; Mallick, S.; Rohland, N.; Oxenham, M.; Pietrusewsky, M.; Pryce, T.O.; Willis, A.; Matsumura, H.;
Buckley, H.; et al. Ancient genomes document multiple waves of migration in Southeast Asian prehistory. Science 2018, 361, 92–95.
[CrossRef] [PubMed]

123. Hales, C.N.; Barker, D.J.P. Type 2 (non-insulin-dependent) diabetes mellitus: The thrifty phenotype hypothesis. Diabetologia 1992,
35, 595–601. [CrossRef]

124. Gluckman, P.D.; Hanson, M.A.; Spencer, H.G. Predictive adaptive responses and human evolution. Trends Ecol. Evol. 2005,
20, 527–533. [CrossRef]

125. Wells, J.C.K. The Metabolic Ghetto: An Evolutionary Perspective on Nutrition, Power Relations and Chronic Disease; Cambridge
University Press: Cambridge, UK, 2016.

126. Roseboom, T.; de Rooij, S.; Painter, R. The Dutch famine and its long-term consequences for adult health. Early Hum. Dev. 2006,
82, 485–491. [CrossRef]

127. Meng, R.; Yu, C.; Guo, Y.; Bian, Z.; Si, J.; Nie, J.; Yang, L.; Chen, Y.; Du, H.; Zhou, L.; et al. Early famine exposure and adult disease
risk based on a 10-year prospective study of Chinese adults. Heart 2020, 106, 213–220. [CrossRef]

https://doi.org/10.1179/0084427615Z.00000000049
https://doi.org/10.1002/oa.702
https://doi.org/10.1016/j.rdc.2017.04.004
https://doi.org/10.1016/j.amjmed.2011.11.010
https://www.ncbi.nlm.nih.gov/pubmed/13937884
https://www.ncbi.nlm.nih.gov/pubmed/30159142
https://www.ncbi.nlm.nih.gov/pubmed/26420513
https://doi.org/10.1073/pnas.1209896109
https://doi.org/10.1007/978-3-319-93012-1_7
https://doi.org/10.1007/s00586-007-0342-x
https://doi.org/10.1016/j.jasrep.2018.01.002
https://doi.org/10.1002/ajpa.22420
https://doi.org/10.1016/j.quaint.2015.10.011
https://doi.org/10.1002/oa.803
https://doi.org/10.1111/1754-9485.12679
https://doi.org/10.1038/ncomms5689
https://www.ncbi.nlm.nih.gov/pubmed/25137359
https://doi.org/10.1126/science.aat3188
https://www.ncbi.nlm.nih.gov/pubmed/29773666
https://doi.org/10.1007/BF00400248
https://doi.org/10.1016/j.tree.2005.08.001
https://doi.org/10.1016/j.earlhumdev.2006.07.001
https://doi.org/10.1136/heartjnl-2019-315750


Gout Urate Cryst. Depos. Dis. 2023, 1 233

128. Shi, Z.; Nicholls, S.J.; Taylor, A.W.; Magliano, D.J.; Appleton, S.; Zimmet, P. Early Life Exposure to Chinese Famine Modifies the
Association between Hypertension and Cardiovascular Disease. J. Hypertens. 2018, 36, 54–60. [CrossRef]

129. Lv, S.; Shen, Z.; Zhang, H.; Yu, X.; Chen, J.; Gu, Y.; Ding, X.; Zhang, X. Association between exposure to the Chinese famine
during early life and the risk of chronic kidney disease in adulthood. Environ. Res. 2020, 184, 109312. [CrossRef] [PubMed]

130. Wang, N.; Chen, Y.; Ning, Z.; Li, Q.; Han, B.; Zhu, C.; Chen, Y.; Xia, F.; Jiang, B.; Wang, B.; et al. Exposure to famine in early life
and non-alcoholic fatty liver disease in adulthood. J. Clin. Endocrinol. Metab. 2016, 101, 2218–2225. [CrossRef] [PubMed]

131. Eriksson, J.G.; Forsén, T.; Tuomilehto, J.; Osmond, C.; Barker, D.J.P. Early growth and coronary heart disease in later life:
Longitudinal study. BMJ 2001, 322, 949–953. [CrossRef]

132. Eriksson, J.G. Early growth and coronary heart disease and type 2 diabetes: Findings from the Helsinki Birth Cohort Study
(HBCS). Am. J. Clin. Nutr. 2011, 94, S1799–S1802. [CrossRef] [PubMed]

133. Yajnik, C.S. Early Life Origins of Insulin Resistance and Type 2 Diabetes in India and Other Asian Countries. J. Nutr. 2004,
134, 205–210. [CrossRef] [PubMed]

134. Margolis, R. The Effects of Early Childhood Diseases on Young Adult Health in Guatemala. PARC Work. Pap. Ser. 2008, 20, 1–30.
135. Randell, H.; Gray, C.; Grace, K. Stunted from the start: Early life weather conditions and child undernutrition in Ethiopia. Soc. Sci.

Med. 2020, 261, 113234. [CrossRef]
136. Wells, J.C.K.; Devakumar, D.; Manandhar, D.S.; Saville, N.; Chaube, S.S.; Costello, A.; Osrin, D. Associations of stunting at 2 years

with body composition and blood pressure at 8 years of age: Longitudinal cohort analysis from lowland Nepal. Eur. J. Clin. Nutr.
2019, 73, 302–310. [CrossRef]

137. Swenne, I.; Crace, C.J.; Milner, R.D.G. Persistent Impairment of Insulin Secretory Response to Glucose in Adult Rats After Limited
Period of Protein-Calorie Malnutrition Early in Life. Diabetes 1987, 36, 454–458. [CrossRef]

138. Visker, J.R.; Ferguson, D.P. Postnatal Undernutrition in Mice Causes Cardiac Arrhythmogenesis which is Exacerbated when
Pharmacologically Stressed. J. Dev. Orig. Health Dis. 2018, 9, 417–424. [CrossRef]

139. Pomeroy, E.; Stock, J.T.; Stanojevic, S.; Miranda, J.J.; Cole, T.J.; Wells, J.C.K. Trade-Offs in Relative Limb Length among Peruvian
Children: Extending the Thrifty Phenotype Hypothesis to Limb Proportions. PLoS ONE 2012, 7, e51795. [CrossRef] [PubMed]

140. Gluckman, P.D.; Buklijas, T.; Hanson, M.A. The Developmental Origins of Health and Disease (DOHaD) Concept. In The
Epigenome and Developmental Origins of Health and Disease; Elsevier: Amsterdam, The Netherlands, 2016; pp. 1–15.

141. Bobulescu, I.A.; Moe, O.W. Renal Transport of Uric Acid: Evolving Concepts and Uncertainties. Adv. Chronic Kidney Dis. 2012,
19, 358–371. [CrossRef] [PubMed]

142. Temple, D.H. Patterns of systemic stress during the agricultural transition in prehistoric Japan. Am. J. Phys. Anthr. 2009,
142, 112–124. [CrossRef] [PubMed]

143. Halcrow, S.E.; Tayles, N.; King, C.L. Infant and Child Health and Disease with Agricultural Intensification in Mainland Southeast
Asia. In The Routledge Handbook of Bioarchaeology in Southeast Asia and the Pacific Islands; Oxenham, M., Buckley, H., Eds.; Taylor
and Francis: Florence, SC, USA, 2016; pp. 158–188.

144. Zhu, L.; Wu, H.; Wu, X.; Sun, W.; Zhang, T.; Ye, L.; Wang, W.; Wang, J. Comparison Between Dual-Energy Computed Tomography
and Ultrasound in the Diagnosis of Gout of Various Joints. Acad. Radiol. 2015, 22, 1497–1502. [CrossRef]

145. Shang, J.; Zhou, L.-P.; Wang, H.; Liu, B. Diagnostic Performance of Dual-energy CT Versus Ultrasonography in Gout: A
Meta-analysis. Acad. Radiol. 2022, 29, 56–68. [CrossRef]

146. Li, B.; Singer, N.G.; Yeni, Y.N.; Haggins, D.G.; Barnboym, E.; Oravec, D.; Akkus, O. A Point-of-Care Raman Spectroscopy–Based
Device for the Diagnosis of Gout and Pseudogout. Arthritis Rheumatol. 2016, 68, 1751–1757. [CrossRef]

147. Hadler, N.M.; Franck, W.A.; Bress, N.M.; Robinson, D.R. Acute Polyarticular Gout. Am. J. Med. 1974, 56, 715–719. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1097/HJH.0000000000001496
https://doi.org/10.1016/j.envres.2020.109312
https://www.ncbi.nlm.nih.gov/pubmed/32151839
https://doi.org/10.1210/jc.2016-1076
https://www.ncbi.nlm.nih.gov/pubmed/27003304
https://doi.org/10.1136/bmj.322.7292.949
https://doi.org/10.3945/ajcn.110.000638
https://www.ncbi.nlm.nih.gov/pubmed/21613556
https://doi.org/10.1093/jn/134.1.205
https://www.ncbi.nlm.nih.gov/pubmed/14704320
https://doi.org/10.1016/j.socscimed.2020.113234
https://doi.org/10.1038/s41430-018-0291-y
https://doi.org/10.2337/diab.36.4.454
https://doi.org/10.1017/S2040174418000156
https://doi.org/10.1371/journal.pone.0051795
https://www.ncbi.nlm.nih.gov/pubmed/23272169
https://doi.org/10.1053/j.ackd.2012.07.009
https://www.ncbi.nlm.nih.gov/pubmed/23089270
https://doi.org/10.1002/ajpa.21208
https://www.ncbi.nlm.nih.gov/pubmed/19953616
https://doi.org/10.1016/j.acra.2015.08.010
https://doi.org/10.1016/j.acra.2020.08.030
https://doi.org/10.1002/art.39638
https://doi.org/10.1016/0002-9343(74)90639-1

	Introduction 
	Epidemiology of Gout in Brief 
	Gout among Pre-Modern Populations 
	Criteria for Diagnosing Gout in the Skeleton 
	Gout in the ‘Old World’ 
	Gout in the Pacific 

	Discussion 
	Gout Etiology in Past Populations 
	Gout and the Austronesian Link 
	Early Life Stress as a Contributor to Gout Development 
	Difficulties of Diagnosing Gout in the Skeleton 

	Conclusions 
	References

