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Summary

Pacific populations have long been observed to suffer a high burden of metabolic disease, including obesity, type 2 diabetes
and gout. The ‘Thrifty Genotype’ hypothesis has frequently been used to explain this high prevalence of disease. Here,
the ‘Thrifty Genotype’ hypothesis and the evolutionary background of Pacific populations are examined. We question its
relevance not only in the Pacific region but more generally. Not only has the hypothesis not been explicitly tested, but
most archaeological and anthropological data from the Pacific fundamentally do not support its application.
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Introduction

In 1962, the American geneticist, James Neel, put forth a rev-
olutionary hypothesis that the increasing prevalence of type
2 diabetes among many indigenous populations was a result
of an evolutionary adaptation to periods of famine (Neel,
1962). Thus, the ‘Thrifty Genotype’ hypothesis, which also
relates to other metabolic conditions, was born. The hypoth-
esis was an important first step in employing evolutionary
explanations for differences in disease prevalence between
populations. Over the following 50 years, the hypothesis was
modified in conjunction with advances in understanding of
the complexity of metabolic disease and the anthropology of
hunter-gatherer and early Neolithic cultures and their subsis-
tence patterns (Neel, 1982, 1999; Corbett et al., 2009).

The premise of the original hypothesis was that contempo-
rary type 2 diabetes was caused by a disjunction between genes
and environment. Specifically, variation in genes which facil-
itated survival during periods of famine in preindustrialised
societies, by allowing for the more efficient storage of energy
during periods of plenty, were at odds with a modern, indus-
trialised environment of plenty (Neel, 1962). Consequent to
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the replacement of traditional diets with a Westernised diet,
these so-called ‘thrifty genes’ were proposed to contribute to
the onset of diabetic symptoms. Following the publication of
the hypothesis, other possible explanations relating to reasons
for metabolic disease were discussed in the literature. These
include the ‘Thrifty Phenotype’ hypothesis wherein inade-
quate nutrition early in life predisposes an individual to type
2 diabetes (Hales & Barker, 1992), and the ‘Drifty Genotype’
hypothesis which postulates that the removal of heavy pre-
dation pressure resulting from increased social behaviour, the
use of fire and invention of weapons removed selective pres-
sures permitting genetic drift which has allowed for genetic
variants causal of obesity and type 2 diabetes to accumulate
(Speakman, 2008).

Despite many critiques of the hypothesis (Benyshek &
Watson, 2006; Speakman, 2006; Paradies et al., 2007; Beil,
2014; Sellayah et al., 2014), and a general lack of genetic ev-
idence, for instance, the detection of selection signatures in
metabolic genes (Helgason et al., 2007; Ayub et al., 2014;
Steinthorsdottir et al., 2014), the ‘Thrifty Genotype’ hypoth-
esis continues to be cited as a reason for disparities in metabolic
health between populations. In their seminal paper, Gould and
Lewontin (1979) warned against the acceptance of evolution-
ary narratives without due testing and critical thought, and
this sentiment remains as true now as it did in 1979 (Nielsen,
2009).

Here, we argue that the ‘Thrifty Genotype’ hypothesis
is another ‘Just-So Story’ (to borrow the analogy used by
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Gould and Lewontin in their critique of the ‘adaptationist
programme’ (Lewontin, 1991; Gould, 1997), or ‘how the
human got his fat’ as Speakman (2013: 305) put it, referring
to the fantastical fables of Rudyard Kipling). It is a possible
explanation but one for which there are little or no supporting
data. This is particularly true for Pacific Island populations,
for whom the ‘Thrifty Genotype’ hypothesis has been a re-
curring theme in describing reasons for the high rates of type
2 diabetes, obesity and other metabolic disorders; Pacific Is-
land populations, along with Pima Indians, have long been
considered archetypal examples of a ‘Thrifty Genotype’ in
action (Zimmet et al., 1990; Bindon & Baker, 1997; Dia-
mond, 2003; Myles et al., 2007). Other populations, such as
Australian aborigines (O’Dea, 1992), Asian Indians (Mohan
et al., 2007), sub-Saharan Africans (Van Der Sande, 2003)
and Latin Americans (Filozof et al., 2001), have also been
subject to the hypothesis. It seems that the ‘Thrifty Geno-
type’ hypothesis has been applied in such a way that one
of the few populations that seems exempt from these ‘thrifty
genes’ are European-derived populations. As Allen and Cheer
(1996) pointed out, it may be that the Europeans themselves
were subject to some selection process which caused this dis-
crepancy. But does the ‘Thrifty Genotype’ hypothesis fit the
genetic and anthropological data?

Perhaps a place to begin is the observation that there are
indeed high rates of obesity, type 2 diabetes (Fig. 1) and
hyperuricaemia (Gosling et al., 2014) among many popu-
lations throughout the Pacific both among those still living
in their ancestral homelands, and those who have migrated
to urban centres in places such as New Zealand, the United
States and Australia. While the prevalence of disease is higher
among those living in more westernised contexts, the oc-
currence of metabolic disease in those living a more tradi-
tional lifestyle (pre-mid-twentieth century and prehistoric)
suggests a genetic contribution to disease. This is supported
by skeletal indicators of metabolic disorders (gout and diffuse
idiopathic skeletal hyperostosis in particular) in bioarchaeo-
logical assemblages from the region (Buckley, 2007, 2011;
Buckley et al., 2010) and the epidemiological evidence from
the 1950s through to the 1970s (Prior, 1981; Prior et al.,
1966). Although it is reasonable to expect that indigenous
Pacific populations will have diabetes and obesity risk alleles
at a higher prevalence and penetrance, we note that there are
currently no systematic genome-wide association studies on
genetics of diabetes and obesity in any Pacific population that
could illuminate this possibility. More importantly, the the-
ory that this is due to selection as a result of food deprivation
is not supported when one considers the population history,
settlement process and environment of the Pacific in more
depth.

The Migratory History of the Pacific

Understanding the evolutionary history of the region and
the colonisation process is instrumental to place the ‘Thrifty
Genotype’ hypothesis in a better context when applied to
Oceanic populations. There have been multiple movements
of people into the Pacific region throughout the 50,000-year
history of human occupation. Given this time depth and pop-
ulation diversity, it might be expected to see significant dif-
ferences in the metabolic disease frequencies in various popu-
lations. People first arrived on the continent of Sahul, which
became New Guinea and Australia with subsequent sea-level
changes, at least 49,000 years ago (Summerhayes, Leavesley
et al., 2010). Genetic analyses have shown that there were
probably multiple populations involved in these Late Pleis-
tocene and Early Holocene migrations out into New Guinea
and the Solomon Islands, a region known as Near Oceania
(Rasmussen et al., 2011). Subsequently, there have been sev-
eral influxes of people from the Island Southeast Asia region
into the islands of the Bismarck Archipelago and beyond as
early as 5000 years ago but certainly by some 3350 years
ago (Kirch et al., 1989; Summerhayes, Matisoo-Smith et al.,
2010). These people, often referred as Austronesians based
on their linguistic affiliations, mixed with resident coastal
populations prior to expanding out into the wider Pacific
where they were the initial colonists on the previously un-
occupied islands of Remote Oceania. Thus, Polynesians and
Micronesians have been found to be more genetically sim-
ilar to certain Asian populations than to the general Near
Oceanic populations which are highly heterogeneous (Fried-
laender et al., 2008). Because of these differences in ancestry,
there are both genetic and phenotypic differences between
Pacific populations, even those within a reasonably close ge-
ographical distance to one another. The implication of this
is that population history should be a major consideration
when discussing differences in disease prevalence in the Pa-
cific. For instance, while rates of type 2 diabetes and obesity
are high among Polynesian and Micronesian populations, the
rates are much lower in Papua New Guinea (Fig. 1), whose
general population has a larger proportion of their ances-
try being derived from the earliest inhabitants of the region
than the later Austronesian-speaking colonists. Some of this
disparity between prevalence of obesity and type 2 diabetes
in Polynesia and Micronesia and populations in Papua New
Guinea could be explained by the differential penetrance of
western nutritional influences in this region. A proponent of
the ‘Thrifty Genotype’ hypothesis might suggest other expla-
nations for this phenomenon – for instance, the selection for
‘thrifty genes’ occurred after moving through this region, but
these arguments are inconsistent when examined in context
of the Pacific archaeology and anthropology.
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Figure 1 Prevalence of type 2 diabetes and obesity in the Pacific (for references, see Table S1). The
dashed line indicates the division between near and remote Oceania.

‘Thrifty Genotypes’ and Oceanic Voyaging

One of the inherent weaknesses of the ‘Thrifty Genotype’
hypothesis in the context of the Pacific is the reliance on se-
lective mortality or variation in reproductive success mediated
by restricted food supply. A number of mechanisms describ-
ing how the hypothesis might operate in the Pacific have been
put forth. The scenario laid out by Bindon and Baker (1997)
is that the selection for these ‘thrifty’ traits occurred during
the ocean voyages involved in settlement of the Pacific or
once people arrived on their new island. This is based on the
assumption that the voyaging and island settlement process
was perilous and that there was a reasonably high mortality
rate. Diamond (2003) takes this a step further by stating that
‘in many attested examples of such lengthy voyages, many or
most of the canoe occupants died of starvation, and only those
who were originally the fattest survived’. No citations were
given for this claim. However, given that colonisation voyages
are not something that have happened for at least a couple of
centuries (Irwin, 1989), it is likely that Diamond is referring
to more recent examples of people who have not intentionally
ventured out and are not necessarily prepared for long periods
in a boat in the middle of the ocean (for instance, fishermen
lost at sea). It is certainly not in line with studies which have
found that the process of colonising the Pacific is likely to
have involved safe, systematic and planned exploration prior
to the colonisation (Hiroa, 1954; Irwin, 1994).

Archaeological sites associated with the Lapita culture, the
first colonists into islands beyond the Solomon Islands, first
appeared in the Bismarck Archipelago approximately 3350
years ago (Summerhayes, Matisoo-Smith et al., 2010). Within
a few hundred years, new settlements were established in the
Reef Santa Cruz (Southeast Solomon Islands), Vanuatu, Fiji
and New Caledonia (Bedford et al., 2006). Lapita expansion
halted in Tonga which was settled by 2830–2846 years ago
(Burley et al., 2012), and Samoa which was settled at a similar
time (Spriggs, 2011). There was an interval close to 2000 years
between the settlement of Western and Eastern Polynesia.

The settlement of Eastern Polynesia, from the
Samoa/Tonga Polynesian homelands, was similarly rapid, with
the occupation of all of the main island groups within a
300-year window between AD 1025 and 1290 (Wilmshurst
et al., 2011). The speed at which successful settlement of the
wider Pacific region occurred could simply not be sustained
if there was great loss of life. While there was some doubt
during the 1950s and 1960s about the deliberate nature of
Pacific voyaging and navigation, with theorists such as Sharp
(1956) arguing for ‘accidental voyaging’, most scholars now
agree that preliminary scouts were sent out on two-way ex-
ploratory voyages prior to the departure of a well-provisioned
colonisation party who were travelling to a known destination
with known resources and for a known period of time (Ir-
win, 1989; Kirch, 2000; Fitzpatrick, 2007; Montenegro et al.,
2014). These colonisation events may have been assisted by
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weather patterns such as El Niño (Goodwin et al., 2014),
which would have made the voyaging times faster.

Starving at sea is not the only voyaging-related proposal put
forth to explain genetic diversity in the Pacific. Houghton
(1990, 1996) and Bindon and Baker (1997) have suggested
that the increased body mass among New Zealand Māori
and other Polynesian populations is a result of selection due
to the cold temperatures faced during open ocean voyaging,
the premise being that higher body mass would insulate one
against wind chill and ocean spray (an adaption of a hypoth-
esis known as Bergmann’s rule). This increase in body mass
includes a shift in the muscle mass to fat ratio; Polynesians
possess less fat per unit weight when compared to Europeans
(Swinburn et al., 1999; Rush et al., 2009). More recently, this
hypothesis has also been subject to criticism, as the premise
that larger mass may be selected for by exposure to cold where
a lower surface-to-volume ratio as more heat conserving has
been challenged by the fact that larger individuals also need
to consume more food; meaning that there is little difference
in the absolute energy balance (McNab, 2002). The implica-
tion of this observation is that it would be more beneficial to
take smaller people voyaging if there was a fixed food supply
as their consumptive needs would be lower. To support his
hypothesis, Houghton (1996) devised sophisticated calcula-
tions to show the likelihood of survival for 10 days voyaging
on open ocean at various latitudes and indicated that larger
body masses were required for survival under his simulated
scenarios.

There are several problems with this hypothesis. First, if
selection for large body size was the result of surviving cold
temperatures during voyaging, we would expect that popu-
lations that inhabit the most southerly or most distant islands
(e.g. New Zealand or Rapa Nui) and would have there-
fore had the longest and coldest voyages, would be the most
robust, having the strongest selective pressures – or that East
Polynesians would be more robust than Tongans and Samoans,
given the greater distances involved in the settlement of East
Polynesia. This pattern is not indicated in any data from skele-
tal or modern populations (Howells, 1970; Houghton, 1996;
Pietrusewsky, 1996). Another problem is that Houghton’s cal-
culations assume naked bodies that have no cold protection.
This does not fit with knowledge of Polynesian voyaging skill
and evidence for protective clothing (Hiroa, 1924) or struc-
tures in the canoe allowing for some weather protection (Van
Dijk, 1991).

Similarly, these simulations are also undermined by the
recent reinterpretations of archaeological radiocarbon dates,
with the imposition of stricter chronometric hygiene mea-
sures, supporting a general shortening of East Polynesian pre-
history from the previously accepted dates of AD 410–1270
to AD 1025–1290 (Wilmshurst et al., 2011). For rapid, suc-
cessive population movements, a larger founding population

would be expected, which in turn would require voyaging
to have a much reduced mortality rate than this particular
application of Bergmann’s rule. This is supported by a recent
study investigating the cold-induced vasodilation response in
a number of populations worldwide, which has indicated that
the cold adaptation seen in Polynesian populations is likely an
ancestral trait which evolved in Asia prior to the start of the
Pacific colonisation process (Wilberfoss, 2012).

There is also archaeological evidence to support extensive
sailing between archipelagos (Collerson & Weisler, 2007), at
least in the early periods of colonisation, though this inter-
action dropped off in later prehistory (Irwin, 1994). This re-
duction in interisland contact may be due to the development
of greater sociopolitical complexity in some of these island
groups, possibly triggered by climatic change (Field & Lape,
2010). The focus of the island communities turned inwards,
rather than maintaining strong links with distant islands. Thus,
given this evidence of return voyaging and continued con-
tact within the Polynesian Triangle for at least the first few
hundred years, it seems improbable that the voyaging process
would be a significant selective pressure. The mortality rates
described to select for the postulated ‘thrifty’ traits indicate
a lack of appreciation for the sophistication of sailing tech-
nology and expertise of early Pacific Islanders (Hiroa, 1954).
Increased mortality rates cannot explain the uniformity of so-
called ‘thrifty’ traits across both Polynesia and Micronesia and
are inconsistent with the speed of settlement based on the
archaeological record.

Fragile Island Environments

It has been argued that Pacific Island populations might be
subject to more famine events than continental populations
because of their relative isolation and their susceptibility to
cyclonic weather patterns and tsunami (Zimmet et al., 1990;
McGarvey, 1994). This might result in the destruction of hor-
ticultural crops and impact staple foods such as shellfish and
other marine foods, which were mainstays to many prehistoric
Pacific Island populations. As evidenced by the devastation
caused by these sorts of phenomena in modern times (e.g. the
Samoan tsunami in 2009), it is not unreasonable to assume
that such occurrences have been persistent but intermittent
and relatively localised problems for many island populations
since initial colonisation. Indeed, skeletons from archaeologi-
cal sites in the region show skeletal pathology consistent with
nutritional deficiencies (Snow, 1974; Buckley, 2000; Buck-
ley et al., 2014). The palaeopathology record can indicate
other skeletal and dental changes reflecting growth disruption
for assessing periods of food insufficiency in the past (Good-
man et al., 1984). However, these signs of growth disruption
may also be a response to infection, especially in a tropical
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environment where pathogen loads are high (Buckley, 2006)
and they indicate recovery from the stressful event. There-
fore, these growth disturbances are generally considered to be
a reflection of nonspecific or more generalised stress during
growth.

This permutation of the hypothesis does not appreciate the
variation in subsistence patterns across the Pacific, partly as
a result of the different geological origins of the inhabited
islands. Pacific peoples have taken to inhabiting atolls, vol-
canic and continental islands (Neall & Trewick, 2008), and
these different island types offer different subsistence oppor-
tunities due to variation in ecological diversity (Kirch, 2000).
Factors such as water availability and soil composition al-
ter what horticultural domesticates are likely to grow, and
any surpluses which might be produced. As such, different
islands are likely to have had different levels of vulnerability
when faced with natural disasters. The distribution of obesity-
prone populations throughout the Pacific, under this model,
would require multiple independent episodes of selection for a
‘Thrifty Genotype’. This is unlikely to have occurred. Rather,
the broad patterning observed in metabolic disease prevalence
among modern Pacific populations is more likely a result of
the genetics of founding populations, in addition to differen-
tial founder effects and drift.

The high prevalence of obesity throughout the Pacific
(Fig. 1) seems indicative of increased body mass index (BMI)
being an ancestral trait, which was already present among the
colonising population rather than selection for ‘thrifty’ traits
in situ. Selective mortality or reproductive success once islands
were colonised was unlikely to be a factor that would drive
selection or ‘thriftiness’ uniformly across the broad region and
diverse environments of island Polynesia.

Genetic Studies of ‘Thrifty Genes’ in the Pacific

It seems telling that despite multiple genetic studies (Ohashi
et al., 2007; Åberg et al., 2009; Deka et al., 2009; Furusawa
et al., 2010; Myles et al., 2011), there is no direct evidence
for ‘thrifty genes’ among Pacific Islanders or other related
populations, as manifest by signatures of selection at known
diabetes and obesity loci. Furthermore, loci that have been
strongly associated with obesity among European populations,
for instance, intronic variants in the FTO gene (Dina et al.,
2007; Frayling et al., 2007), have been found to have al-
lele frequencies consistent with what is seen among Asian
populations, so have been argued to be unlikely ‘thrifty’ can-
didates (Ohashi et al., 2007). Supporting this assertion, Karns
et al. (2012) found that there were no significant associations
between common variants in FTO with obesity-related phe-
notypes among Samoans.

The Gln223Arg variant of LEPR has also been suggested as
a ‘thrifty gene’ on the basis of differences in allele frequency

across Oceania (Furusawa et al., 2010). LEPR encodes a pro-
tein that is the receptor for the hormone leptin which is
released predominantly from fat cells to regulate satiety, and
is associated with BMI (Park et al., 2006). An elevated al-
lele frequency, as observed by Furusawa et al. (2010), would
be expected in specific populations if the locus had indeed
been subject to selection. However, there are other explana-
tions for differences in allele frequency, such as genetic drift.
This variation in common allele frequency could very well
be related to serial founder effects – as indicated by other ge-
netic markers, for instance, common mitochondrial genome
haplogroups which show a similar gradient across the Pacific
(Kayser et al., 2006). This, indeed, seems more likely than
selection when one considers the lack of evidence for a func-
tional effect of alleles at this particular locus (Stratigopoulos
et al., 2009).

Some variants have been associated with metabolic traits
in certain populations and not others, for instance, the
Gly482Ser variant in PPARGC1A, a gene involved in en-
ergy metabolism, has been found to associate with high BMI
among Tongans but not New Zealand Māori (Myles et al.,
2011) although this is not necessarily indicative of this being
a ‘thrifty gene’ per se. A recent study has demonstrated no ev-
idence for a selection signature at the PPARGC1A locus, nor
was the association with BMI in Tongans able to be replicated
(Cadzow and Merriman, unpublished data). The higher allele
frequency of the PPARGC1A variant (Myles et al., 2011) in
islands colonised relatively late, such as New Zealand (670–
720 BP; Wilmshurst et al., 2011) compared with Tonga (2838
± 68 BP; Burley et al., 2012), one of the first Polynesian is-
lands colonised, is consistent with the manifestation of serial
founder populations, though inconsistent with a population
model of return voyaging and sustained contact between pop-
ulations which has been suggested through the archaeological
evidence.

The higher allele frequency of the Gly482Ser variant in
PPARGC1A has also been cited as a potential ‘thrifty gene’
on the basis of its higher allele frequency among Tongans
compared with Han Chinese and Papua New Guinean High-
landers (Myles et al., 2007). This same study suggested that this
locus has been subject to selection based on the application
of FST analyses on these populations – a rather high FST value
was observed when comparing Highland New Guineans with
Tongans (0.703). However, no recognition is given to the fact
that these are populations with vastly different ancestral back-
grounds. Polynesian populations have been found to have a
higher degree of Asian ancestral contribution to their au-
tosomal DNA than Near Oceanic (New Guinea; Wollstein
et al., 2010). Given their dissimilar histories, it would there-
fore be expected to observe genetic differences between these
populations – this is made particularly clear in a recent re-
view of genetic diversity in Oceania which emphasises this
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need to consider population history (Duggan & Stoneking,
2014). Additionally, the small sample sizes used in this study
are unlikely to capture the genetic variation in any of the
populations – data from only 23 Polynesians (9 Cook Is-
landers, 8 Samoans, 4 Tongans and 2 Niueans), 23 Highland
New Guineans and 19 Han Chinese were used (Myles et al.,
2007). A better approach for detecting more recent selection
(i.e. selection consistent with the ‘Thrifty Genotype’ hypoth-
esis in the Pacific) is probably the haplotype-based extended
haplotype heterozygosity concept (Sabeti et al., 2002).

There is suggested evidence for founder effects in Re-
mote Oceania, in Polynesians in particular (Kayser, 2010),
though the sampling of Polynesian populations, in particular
East Polynesian populations, is limited. This has significant
implications when it comes to impact on genome-wide vari-
ation and may complicate the detection of signatures of selec-
tion if relying on statistics such as FST which detect changes in
allele frequency. Focused, large-scale genetic studies of pop-
ulations worldwide with known founder effects, for instance,
Ashkenazi Jews and Icelandic populations, have assisted in
identification of important susceptibility loci associated with
other complex phenotypes (Helgason et al., 2005; Steinthors-
dottir et al., 2007; Guha et al., 2012). The only such study,
which has been carried out in the Pacific, was a genome-wide
association study of a cohort from Kosrae, an isolated island
located in the Federated States of Micronesia (Lowe et al.,
2009). This study found a relatively genetically homogenous
population and showed that a majority of the common vari-
ants contributing predisposition to disease in Europeans have
little effect on Kosraens. Novel disease associations were iden-
tified which further underlines the need for studies focused
on populations with well-defined ancestry and population
history.

The ‘Thrifty Genotype’ Hypothesis Worldwide

The lack of support for the ‘Thrifty Genotype’ hypothesis is
a pattern which has emerged from other studies of popula-
tions worldwide, including Europeans and Asians (Helgason
et al., 2007; Southam et al., 2009; Ayub et al., 2014; Koh
et al., 2014; Steinthorsdottir et al., 2014). Ayub et al. (2014)
critically evaluated the hypothesis by testing for signatures of
selection at type 2 diabetes loci (‘thrifty genes’). They ex-
amined 65 loci and found no experiment-wide evidence for
signatures of selection. Furthermore, Koh et al. (2014) looked
for signatures of selection at loci associated with obesity and
type 2 diabetes identified in a genome-wide association study
of an East Asian cohort and similarly did not find consistent
support for the ‘Thrifty Genotype’ hypothesis. Together, the
findings of these studies indicate that the ‘Thrifty Genotype’
hypothesis should be reassessed as a way of considering evo-

lutionary explanations for higher rates of obesity and type 2
diabetes among various populations.

The ‘Thrifty Genotype’ hypothesis does not account for
the fact that famines are likely to have been a periodic prob-
lem for all human populations even before the emergence
of our species from other hominins (Prentice, 2005), or that
there is little evidence to suggest that famines have ever been
a very important mechanism of selection (Speakman, 2013).
Mathematical modelling suggests that if ‘thrifty genes’ did ex-
ist, given the number of famine events faced by Homo sapiens
since the divergence from our hominin ancestors these alleles
would likely have reached fixation (where the advantageous
allele becomes homozygous; Speakman & Westerterp, 2013).
This is in line with the recent suggestion that we should per-
haps be looking deeper in human evolution for these ‘thrifty
genes’. Uricase has been highlighted as a putative ‘thrifty gene’
(Kratzer et al., 2014), but given that the inactivation of the
gene occurred during the Miocene, prior to the divergence
of humans from the ape lineage, uricase is also unlikely to
account for differences in metabolic health between modern
populations – nor is there any direct evidence that the loss
of uricase function was driven by periods of famine. In other
words, it ‘assume[s] rather than demonstrate[s] the operation
of natural selection’ (Pigliucci & Kaplan, 2000). Given the
multiple roles of urate (as an antioxidant, an adjuvant and in
maintaining blood pressure; Gosling et al., 2014), there may
have been selective forces at work other than nutritional stress.

This is not to say that nutritional exposures have not led to
the selection of certain genetic variants (Stover, 2006). Varia-
tion in allele frequencies for enzymes involved in the digestion
of lactose (Bersaglieri et al., 2004), starch (Perry et al., 2007)
and the metabolism of alcohol (Eng et al., 2007) and fructose
(Ali et al., 1998) have been detected between populations.
That some populations have locally adapted genetically to
optimise their nutrient uptake is unsurprising given the role
of food in health and well-being, and indeed survival in gen-
eral. The array of different adaptations is symptomatic of the
diversity in subsistence patterns and nutritive resources avail-
able in different geographical regions. Some might argue that
these variants themselves could be classed as ‘thrifty genes’,
since the ability to digest lactose from cow’s milk or to better
break down starches from tubers and grains would undoubt-
edly be advantageous in situations of famine, though being
advantageous is not the same as being ‘thrifty’.

However, there is also an important distinction to be made
between genetic variants which may be potentially advan-
tageous in situations of hypothetical famine, and those ac-
tually being advantageous in an actual famine. Given that
few famines involve a complete absence of food (Speakman,
2006), an ability to monopolise food resources is likely to
be more critical for survival than level of adiposity, for ex-
ample, via social factors like status and wealth. Certainly, in
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a number of Polynesian populations, chiefs are able to re-
strict access to certain food resources such as fishery stocks by
imposing a rahui (Best, 1904). It should be noted that rahui
is not necessarily based on status and wealth, and the pur-
pose of restricting access to food resources is usually to allow
the stocks to replenish themselves in order to avoid future
food shortages. In such a way, cultural processes may circum-
vent natural selective forces such as those assumed under the
‘Thrifty Genotype’ hypothesis. Furthermore, the burden of
mortality in famine usually lies among the elderly and the
young and both groups are irrelevant as far as the transmission
of ‘thrifty genes’, as the elderly are likely to have already re-
produced and the children are usually not variable enough in
terms of adiposity for theoretical ‘thrifty genes’ to confer any
particular survival advantage (Speakman, 2007). Therefore,
famines may not impose as strong a selective force as assumed
by the hypothesis. While beyond the scope of this review,
there is growing evidence that individuals with higher BMI
can better survive infectious disease (Van Der Sande et al.,
2004; Hanrahan et al., 2010; Corrales-Medina et al., 2011).
This possibility should be considered in future work on rea-
sons for the increased obesity in modern Pacific populations.

Concluding Remarks

The ‘Thrifty Genotype’ hypothesis overlooks other important
factors that are likely to have had more significant impacts on
populations and their genetic diversity, such as migration and
disease epidemics (O’Rourke, 2012) or social/cultural selec-
tion for particular phenotypes (Van Dijk, 1991). As discussed
previously in relation to genetic differences between New
Guinean and Tongan populations, genetic ancestry and the
specific evolutionary history of a population has a significant
impact on the particular variants present within a popula-
tion and indeed the relative proportions of various alleles.
Founder effects are clearly something that require considera-
tion in Oceanic populations, as serial migrations have played
a large part in the settlement of the area. Admixture, and the
degree and nature of that admixture, is another factor which
impacts the genetic variability of a population.

Infectious disease is one of the strongest drivers of ge-
netic change (Karlsson et al., 2014): major human pathogens
such as malaria (Kwiatkowski, 2005) and HIV (Schliekelman
et al., 2001; Nkenfou et al., 2013) have shaped the genome
in exposed populations. Given the links that are increasingly
being made between metabolic diseases and innate immunity
(Pickup & Crook, 1998; Lumeng & Saltiel, 2011; Robbins
et al., 2014), genetic selection resulting from infectious dis-
ease exposure may contribute to an underlying susceptibility
of certain populations to metabolic diseases. An example of
the striking effect that infectious disease can have on a popula-

tion is the introduction of Western diseases including measles,
whooping cough and influenza to the Pacific during the 19th

century; it is thought that these introductions caused up to
75% mortality in some East Polynesian populations (Harrison
et al., 1988). Clearly this is likely to have had a large impact
on the genetic diversity in the modern population.

For its time, the ‘Thrifty Genotype’ hypothesis was revo-
lutionary. It reflected one of the first efforts to integrate our
knowledge of modern epidemiology with human evolution.
However, the hypothesis does not recognise other factors that
are likely to have a greater impact on the development of
genetic traits. In the 53 years since its introduction, contribu-
tions by archaeology and biological anthropology to our un-
derstanding of colonisation processes and prehistoric demog-
raphy have remained overlooked in genetic studies and other
reviews exploring the possibility of ‘thrifty genes’ among Pa-
cific Islanders – and indeed, among other populations globally.
When the evolutionary and cultural history of Pacific people
is considered, the application of the ‘Thrifty Genotype’ hy-
pothesis is no longer useful; the scenario certainly does not
mesh with our current understandings. The continued reit-
eration of the ‘Thrifty Genotype’ hypothesis in general and
in its application to Pacific populations in particular gets in
the way of our formulating alternative, better supported and
testable hypotheses based on our knowledge of the context
and histories of the populations in question. It is our sugges-
tion that alternative hypotheses, such as selection by infectious
disease exposures (Gosling et al., 2014), need to be explored.

Conflict of Interests Disclosure

The authors declare no conflicts of interest.

Acknowledgements

The authors wish to thank Les O’Neill for the map of the
Pacific. Thanks also to Monica Tromp, Dr. Justin Maxwell for
their comments on earlier drafts of this manuscript and the
anonymous reviewers for their direct input.

References
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