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s u m m a r y

The present article presents epidemiological, and comparative evidence supporting the hypothesis that
rheumatoid arthritis (RA) may represent a thrifty adaptation selected to compel animals to minimize vol-
untary energy expenditure. The autoimmune, pathophysiological manifestations underlying RA are
framed here as constituting an evolved, protective mechanism that would have influenced animals to
avoid exertion and maintain a sedentary lifestyle in order to minimize metabolic output and ultimately
escape starvation. Arthritic pain is characterized here as a defensive, innate signal much like fatigue,
fever, nausea and reflexive pain, and like these, is seen on a continuum varying between imperceptible
encumbrance and debilitating disability. The epigenetic relationship between acute psychological stress
and flare-up of arthritic symptoms is examined and taken to suggest that arthritis may be a predictive,
adaptive response to severe stress allowing reductions in metabolism to follow adverse conditions or
nutritional scarcity. The close associations between rheumatoid arthritis and the metabolic syndrome
are also explored along with potential ties to the ‘‘thrifty genotype” and ‘‘thrifty phenotype” phenomena.
This hypothesis is examined in the contexts of evolutionary medicine, phenotypic plasticity, the stress
response and the bioenergetics of thrift. A brief and exploratory review of pertinent evidence suggests
that RA, its subclinical manifestations, and even other forms of arthropathy may possibly represent adap-
tations that promoted metabolic thrift during our evolutionary past.

� 2009 Elsevier Ltd. All rights reserved.

Background

The objective of this research is to analyze evidence suggesting
that rheumatoid arthritis (RA) is an adaptive, thrifty trait that con-
ditions animals to minimize extraneous physical activity. Unfortu-
nately in the current literature, the etiology and principle causes of
RA are thought to be unknown due to the paucity of reliable gen-
eralizations regarding incidence, environmental contributors and
genetic underpinnings [39,46]. Also the comparative data, allowing
an integrative analysis of arthritic presentation across taxa, is
sparse and dense. Despite these hindrances, a valid evolutionary
perspective should allow insight into etiopathogenesis. In this tra-
dition, the present article will postulate as to the evolutionary ben-
efits of RA and perform a very general and exploratory review of
the evidence that ties RA specifically, and arthritis in general, to
metabolic thrift.

Rheumatoid arthritis (RA) is one of the most common immune-
mediated inflammatory diseases (IMID), has a prevalence of 1% in
most human populations [15] and is a major cause of disability
worldwide. It is a complex autoimmune disease which primarily
affects the synovial joints of the extremities and results in severe

inflammation and progressive destruction of cartilage and sub-
chondral bone [40]. Symptoms of RA include pain and stiffness
which can impair mobility and restrict movement [23]. Many
different susceptibility genes, most of which may be unidentified,
appear in different arrangements to produce the polygenic and
heterogeneous clinical picture. Recent molecular investigations
show that slight perturbations in gene expression, transcriptional
regulation and epigenetic mechanisms can determine how, where
and when RA will manifest itself. The disease can start at any age;
however, average peak onset occurs between the ages of 25 and 55.
The disease is rare before age 15 but susceptibility increases after
age 15 until 80 [42].

Clearly, RA would have been exposed to evolutionary pressures
in the ancestral past. It is thought that because modern hunter-
gatherers live, on average, to age 55 [2,19] that our hunting and
gathering ancestors in the environment of evolutionary adapted-
ness would have lived nearly as long. This strongly suggests that
our ancient ancestors would have experienced arthritis and pre-
clinical arthritic symptoms well before they reached reproductive
senescence. Because RA presents during the period of fertility we
can assume that natural selection had the opportunity to select
against it. Yet, it exists today as a relatively prevalent disorder. This
apparent inconsistency has been described as the arthritis paradox
[41]. If the compensating benefits were uncovered though, it would
no longer be seen as an evolutionary enigma.

0306-9877/$ - see front matter � 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.mehy.2009.07.041

* Corresponding author. Tel.: +1 818 995 6734.
E-mail addresses: jared@jaredreser.com (J.E. Reser), williamwreser@sbcglobal.

net (W.W. Reser).

Medical Hypotheses 74 (2010) 189–194

Contents lists available at ScienceDirect

Medical Hypotheses

journal homepage: www.elsevier .com/locate /mehy



Author's personal copy

Straub and Besedovsky [41] have applied evolutionary logic to
the arthritis phenomenon and concluded that a thorough explana-
tion is needed for the large, human, genetic predispositions for both
RA and other chronic, disabling inflammatory diseases. They empha-
size that because full-blown, clinical RA affects 1% of individuals
around the globe, and because even juvenile RA is a relatively preva-
lent phenomenon, there must be some valid evolutionary explana-
tion for them. A popular evolutionary account for the phenomenon
of auto-inflammatory disorders is the hygiene hypothesis. This
hypothesis contends that autoimmune disorders including RA exist
because many modern hygienic precautions keep us from being ex-
posed to pathogens that are integral to the proper formation of
immunity and that this increases the likelihood that our immune
systems will use their defenses against our tissues mistakenly. This
is an interesting and perhaps fertile hypothesis, but nevertheless,
there is very little supporting data in the case of RA and it is known
that individuals from cultures without modern hygienic practices
still suffer from clinical RA. This paper takes a totally different ap-
proach hypothesizing that arthritis may represent an example of a
metabolism reduction program, or a ‘‘deprivation syndrome.”
Arthritis is painful and limiting, yet it is easy to see how it could
encourage a person or animal to conserve valuable energy.

The hypothesis

Clearly the fundamental symptoms of RA impose large con-
straints on mobility and behavioral activity. RA vastly decreases
deliberative movement, cutting energy expenditure and minimiz-
ing the amount of food that has to be consumed each day. It seems
likely that the pain associated with RA intrudes upon an animal’s
psychological life, influencing it to slow down and refrain from
physically demanding activities. Moreover, the inflammation and
physiological manifestations of RA have the ability, earlier in the
disease, to induce pain for many years without actually damaging
the joint beyond use. This would have influenced individuals with
arthritis to engage in physically demanding activities only if it
were absolutely necessary and to avoid them if possible. It seems
clear that, despite the fact that RA is debilitating, it would not pre-
clude the crucial defensive or foraging behaviors unless it had pro-
gressed to an advanced degree.

Straub and Besedovsky [41] hypothesize that early humans
would have died before natural selection had the chance to remove
the genes for RA from the human gene pool. They then go onto invoke
antagonistic pleitropy- assuming that genes that predispose to RA in
later life have beneficial effects on growth and reproduction earlier
in life. This is probably not the case though because RA is known to
affect children and also it has a peak onset that begins at the early
age of 25. A slight twist on this logic leads us to speculate that per-
haps subclinical and early RA produced adaptive benefits for forag-
ers in their young adulthood, but then natural selection had no
chance to curtail the debilitating effects in late life.

RA and its subclinical manifestations, as they present in young
adulthood, are often relatively benign. Before RA leads to major
disability in later life it primarily acts to encumber ‘‘superfluous”
movements and slow down the pace of life. The reduced physical
activity in RA leads to muscle loss and skeletal muscle wasting
[11]. The majority of all individuals with RA experience involun-
tary loss of lean mass and a progressive increase in fat mass [35].
In times of starvation or nutritional scarcity, excess muscle mass
is a significant metabolic burden and thus RA may help economize
by reducing muscle composition. On the whole, individuals with
RA are significantly more likely to be overweight and obese as
we will discuss later. In the ancestral past, when calories were lean,
individuals with a slow metabolism would only very rarely have
been overweight yet would have required fewer calories to survive.

An important criticism of the present hypothesis will point out
that rheumatoid arthritis has a significant energy demand. The
inflammatory process itself burns calories and can be responsible
for raising metabolic rate during arthritic flare-ups. Studies have
shown, however, that total energy expenditure or basal metabolic
rate is decreased in individuals with RA mostly because of low phys-
ical activity [38]. In rheumatoid arthritis, cytokines are released,
and their thermogenic effect briefly increases the metabolic rate.
However, as the disease becomes more advanced and leads to ca-
chexia, energy expenditure is known to drop well below normal
(Pi-Sunyer). Muscle mass and lean body mass decrease significantly
in the vast majority of cases, and patients generally tend to exhibit
significant increases in body fat due to a lower resting metabolism
[38]. RA may be the most adaptive when in remission; a period
where the joint and associated muscles are weakened, but the
amount of inflammation is very low, allowing a lower basal meta-
bolic rate.

It is possible that different forms of arthritis, outside of RA, con-
fer thrifty advantages to the wide array of vertebrate species that
are known to present with them. Consonant with this speculation,
it might also be assumed that arthritis first evolved and became
prevalent phylogenetically to serve such an adaptive purpose. For
this reason, the natural variability in arthritis among living species
may hold important clues for medical research. Genetic trends and
patterns within and between species should prove informative as
should the relationship between prevalence and way of life. It is
known that most mammals have shown evidence of arthritis, that
it presents very conspicuously in apes, and that it appears to be re-
lated to specific foraging styles [32]. It will be interesting for future
research to analyze the distribution of joint susceptibility to arthri-
tis across taxa. We know that arthritis manifests differently in dif-
ferent animals, and we might expect to see this variation map onto
the different ecological and muscular–skeletal demands of differ-
ent species. Perhaps arthritis is more likely to present in less eco-
logically crucial joints. It is known that arthritis tends to affect
larger weight bearing joints less. This certainly makes sense be-
cause arthritis in the large joints would be more likely to compro-
mise structural integrity and prove to be debilitating for the animal
[32]. It would be interesting to see exactly how quadripedal apes
develop arthritis in their wrists and knuckles because, based on
the present hypothesis, it would be expected that apes exhibit a
different pattern of arthritis that should be maximized to support
their manner of locomotion, knuckle walking. For humans, the
hands are often significantly affected by rheumatoid arthritis and
osteoarthritis. The hands are mechanisms for concerted physical
work. They are the modality through which humans carry, gesture,
grab, play, pull, push, punch, tear and strain. In humans, arthritis
presents most frequently in the hands and wrists and this may
have dissuaded our ancestors from working excessively hard,
rewarding them for inhibiting non-necessary movements.

Presymptomatic or subclinical RA is probably far more preva-
lent than RA itself and is known to create weakness, stiffness and
minor, diffuse pain in joints [40]. This suggests that clinical arthri-
tis may be on an extreme side of a phenotypic continuum of sus-
ceptibility to arthritic pain. It is conceivable that even very
minimal, subclinical autoimmune inflammation of the synovial
joints could have played a protective, thrifty role in evolution. It
is even possible that natural selection positively selected for the
more subtle, subclinical manifestations of RA and that clinical RA
is really an example of a phenotypic outlier. In the next section
we will consider the field of evolutionary medicine, how it offers
explanations for disease and disorder in terms of ultimate Darwin-
ian causation, and how RA may be explicable under its logic and
criteria. As we will see, RA may be an especially relevant and help-
ful strategy for groups that were undergoing hardship such as the
starving, the stressed, pregnant women and the elderly.
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Arthritis and evolutionary medicine

The costs of arthritis are well known and include limited
mobility, occupational disability and psychological stress/suffer-
ing. Its defensive manifestations may be hidden due to discrepan-
cies between our modern and ancestral environments. Many
traits that are known to have been adaptive in our ancestral envi-
ronment are now seen as maladaptive in our present society, and
this has been termed an ‘‘environmental mismatch” of sorts [27].
The burgeoning field of evolutionary medicine attempts to recog-
nize and analyze these traits. Williams and Nesse [49] suggest
that in order to determine that a disorder or disease has adaptive
qualities which were positively selected in the past, it is impor-
tant to be able to show that the trait is relatively prevalent, her-
itable, and that susceptibility varies within a population. It is also
necessary to show how the trait’s purported benefits may have
outweighed the costs. The first three criteria are certainly met
by RA [42] and the fourth criterion is what this article is attempt-
ing to address. Researchers have shown that a large number of
‘‘pathological” conditions have compensating benefits and over
time the literature has come to accept many of these as adaptive
responses [28]. These adaptations include anxiety, cystic fibrosis,
diabetes mellitus, diarrhea, fever, inflammation, obesity, sneezing,
sickle cell anemia and vomiting [29]. A good deal of research ef-
fort has gone into identifying the defensive characteristics that
these traits would have carried in the environment of evolution-
ary adaptedness [28].

Survival in the ancestral environment required adaptations to
life-threatening scenarios. One of the most common of these
would have been starvation and the ability to conserve energy
and resources would have been crucial. Hunger and its many
neurobiological facets have been conceptualized as an adaptive
signal that ensures an animal will actively seek out food. Similarly,
pain is an essential sensation that acts as a deterrent warning that
damage is being done to the body. Hunger and pain are powerful
examples demonstrating that suffering, though maladaptive in
some contexts, proves to be far less costly than death. Similarly,
nausea is an adaptive response that, through aversive condition-
ing, discourages animals from eating what made them sick. We
experience fatigue as a response to the need for rest. Fatigue and
exhaustion indicate that further exertion could prove dangerous
[27]. Additionally, fever is thought to reduce physical activity in
an effort to speed up the recovery process. Interestingly many peo-
ple with arthritis report the sensation of a chronic low grade fever.
Hunger, pain, nausea, fever and fatigue are currently conceptual-
ized by the field of evolutionary medicine as adaptive, innate
signals that are intended to direct human behavior [27]. It is inter-
esting to note that pain, nausea and fatigue are all aversive signals
that encourage an animal to stop doing something. Arthritic pain
may be a sensation that has the power to signal to an animal to
stop moving or to curtail an activity once basic needs have been
satisfactorily met.

Many of the diseases that have been explicated in terms of evo-
lutionary medicine are conditions that modern people benefit little
from. This is because the environment many of us live in today is
drastically different from the ancestral environment in which these
conditions arose. The agricultural and industrial revolutions
brought about tremendous changes and all but removed the threat
of starvation from industrialized societies. Today, many people,
even those with relatively few resources, can afford to live com-
fortably on the wealth of mass produced food, but unfortunately
this also makes people susceptible to obesity and insulin resis-
tance. In fact, many metabolic disorders have been shown to rep-
resent mismatches in the way our bodies are regulated due to
the vast differences between ancestral and current environ-
ments.

The thrifty genotype

We know that the Pleistocene era (roughly 2 million to 12,000
years ago) was marked by frequent, prolonged dry spells [36]
and consequent widespread nutritional scarcity that continually
threatened our ancestors [37].) These frequent dry spells were
caused by recurring ice ages where large, polar glaciations would
frequently cause the African savannah to become arid, hot, and
nutritionally scarce [3,37].) Such unpredictability of food resources
in our environment of evolutionary adaptiveness is widely thought
to have seriously impacted the human genome. In fact, the blos-
soming science of ‘‘evolutionary medicine” has pointed out that
many human diseases and disorders are simply vestiges of our
hunter-gatherer existence, some of the most widespread among
these are thought to have provided protection against starvation
[28]. Genetic tendencies toward adiposity and insulin resistance
would have allowed ones metabolism to deal with low food avail-
ability in the ancestral environment, although in modern times
they are responsible for the high incidence of obesity and diabetes
because of the availability of foods high in fats and sugars [16,17].
A high genetic susceptibility towards obesity, diabetes and the
metabolic syndrome today would have constituted an adaptive,
‘‘thrifty genotype” in the ancestral past [1].

The thrifty genotype paradigm has been used widely to inter-
pret distinctive patterns of the geographic distribution of thrifty
genes [51]. This generally accepted interpretation emphasizes that
populations of foraging individuals living in areas where, until re-
cently, food has been relatively unpredictable or frequently scarce
have much higher prevalence of genes associated with low metab-
olism [50]. The traits that these genes code for helped these indi-
viduals survive during prolonged times of scarcity by allowing
them to maintain low basal metabolic rates, yet today cause them
to develop diabetes mellitus, obesity and cardiovascular disease
[30]. There are many ties between the metabolic syndrome and
rheumatoid arthritis. In fact, the prevalence of the metabolic syn-
drome in individuals with RA is among the highest of any known
medical population. A recent study has shown that, as defined by
the World Health Organization, the metabolic syndrome was pres-
ent in 42% of patients with long-standing RA, 31% with early RA
and only 11% of controls [5].

The Pima Indians of Sonora Mexico, a desert region that has
been exposed to drought and famine for centuries, are another
group with very high prevalence of the metabolic syndrome. James
Neel studied the Pima Indians and their genetic tendency towards
adiposity and insulin resistance. He noted the proclivity for seden-
tary behavior and high prevalence of obesity and diabetes in their
culture [43]. His experience influenced him to posit the thrifty
genotype hypothesis and delineate the adaptive benefits of insulin
resistance. The Pima Indians are thought to be desert-adapted and
the thrifty metabolic traits that they exhibit are thought to reflect
this [10]. A longitudinal epidemiological study conducted to esti-
mate the prevalence of RA in the Pima Indians of Arizona, showed
that prevalence in Pima Indians was over 10 times higher than in
the American matched control samples [7]. RA has also been
shown to be more prevalent and more debilitating in the Pima
and other groups of American Indians than in any other ethnic
groups [12]. These strong associations between the thrifty geno-
type and RA suggest that RA may play a role in bioenergetic thrift.

Arthritis and phenotypic plasticity

There is persuasive evidence supporting the idea that arthritis
may be a predictive adaptive response to specific environmental
cues that signify that ecological adversity is imminent. This section
makes the case that arthritis may be a programmed reaction to
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difficult circumstances, such as starvation, stress, aging and preg-
nancy. This hypothesis can be analyzed using the ‘‘phenotypic plas-
ticity” paradigm, according to which adverse prenatal or postnatal
events can cause an organism to express genes that would nor-
mally remain unexpressed, resulting in a phenotype that is suited
for a stressful or deprived environment [45].

The phenotypic characteristics of organisms ranging from
plants to mammals have been shown to make plastic responses
to environmental events, many of which are thought to represent
defensive strategies [34]. All five kingdoms of organisms have been
shown to make these plastic responses, and often do so to meet
environmental demands while conserving resources in the face
of nutritional scarcity [8]. Phenotypic plasticity is accomplished
when environmental cues signal dormant genes to be expressed
or expressed genes to become dormant; (silent) a process called
epigenetics. The research in this area related to RA is still in its
early stages but it is clear that arthritis has a large epigenetic com-
ponent [44] and is brought on and accelerated by specific environ-
mental events [39].

Stress reliably accelerates disease progression and worsens ar-
thritic symptoms [48]. Psychological stress has been tied closely
to onset of early symptoms and even to precede disease flare-ups
[14]. Stress and stress hormones have also been shown to dramat-
ically exacerbate pain in RA [22]. Also, stress-management inter-
ventions are capable of producing powerful clinical benefits for
measures including helplessness, self-efficacy, coping, pain and
health status [33]. Stress is an internal signal indicating hunger
or adversity and it is known that animals can plastically respond
to acute stress by canalizing a thrifty phenotype [17]. If arthritis
is a ‘‘predictive adaptive response” to stress then it should be infor-
mative for researchers to focus heavily on the molecular pathways
that tie stress to arthritic exacerbation. High levels of stress are
also associated with hyperalgesia and a number of different forms
of widespread musculoskeletal pain [26], including fibromyalgia
(a disorder closely tied to arthritis) and chronic fatigue [6], which
reduce mobility and activity in a way that is very similar to RA
[25]. There may potentially be many diseases that, like arthritis,
fibromyalgia and chronic fatigue, are not even classified as meta-
bolic disorders but may have been naturally selected because of
their indirect influence on metabolism/thrifty behavior. Asthma
may be another example. Asthma puts strict constraints on heavy
exertion and may have been a biologically appropriate way for an
animal’s selfish genes to teach it not to engage in vigorous or stren-
uous efforts. Asthma symptoms are exacerbated by chronic stress,
and interestingly it is also closely tied to the thrifty phenotype
phenomenon through a strong association to low birth weight
[47].

Physical anthropological research has demonstrated that older
adults cannot hunt or gather as productively as younger adults
[21]. This is due to decreased physical capacity for aerobic and
anaerobic activity that often forces them to rely on handouts from
younger foragers [20]. Several researchers have inferred from
gerontological data that the decline of athletic ability during aging
(due to sarcopenia, lower growth hormone levels, lower testoster-
one levels, etc.) is, at least in part, a metabolism reduction program
that must have helped aging individuals in the ancestral environ-
ment [18,52]. The close association between arthritis and age then,
is an appropriate one given that arthritis may be yet another thrifty
trait.

RA is common after the postpartum period [24] and may have
served as a metabolism reduction program for mothers in the
ancestral environment. Other defensive traits are also common to
the postpartum period such as fatigue and depression [29]. Ran-
dolph Nesse has postulated that since pregnant women would
have needed to conserve calories in order to nurse their children,
depression and fatigue may have been important survival adapta-

tions for new mothers. RA disease activity has been shown to in-
crease significantly in a large proportion of women just days
after delivery [9]. The ubiquity of this trend seems to suggest that
it reflects some epigenetic, adaptive process. Depression in general
has been conceptualized as a deprivation syndrome and interest-
ingly, studies on depression [13] have shown that 40% of individu-
als from samples of the RA population met the diagnostic criteria
for some form of clinical depression [4]. Nesse has also hypothe-
sized that depression may be an adaptation that influences the
organism to become more withdrawn and more risk averse, also
possible advantages of RA. Furthermore, females are 2–4 times
more likely to develop RA than males [15]. This might reflect the
increased selective pressure on males to retain mobility for the
athletically demanding activity of hunting and the pressure on wo-
men to hoard calories for the metabolically demanding activity of
pregnancy.

Children with juvenile RA, like adults, have been shown to be
very psychologically hardy, and despite the immobility and pain
of RA have been shown to be surprisingly well-functioning in so-
cial, emotional and behavioral measures; remarkably similar to
control children without RA [31]. This suggests that despite the
accompanying physical limitations, RA does not necessarily cause
a huge maladaptive burden to psychological well-being and hence
may not have unduly hampered reproductive success due to psy-
chological or motivational factors.

Conclusions

This article has provided some preliminary evidence supporting
the hypothesis that RA may be a physiological mechanism that dis-
courages exertion and encourages the minimization of extraneous
movement creating a sedentary behavioral strategy. Many evolu-
tionary explanations are accused of being ‘‘adaptationist” and
using the benefits of hindsight to explain known facts. Many of
these explanations are disparagingly called ‘‘just so stories” be-
cause they are very difficult to prove one way or the other. It can
perhaps be argued that RA and arthropathy in general have no
adaptive qualities. However, the present hypothesis may be sup-
ported by a look at the ‘‘big picture.” A very broad perspective sug-
gests that all prevalent disorders have a natural history; that many
are adaptations and that many if not most adaptations represent
attempts to budget metabolic energy. There are many examples
of adaptations to fluctuating metabolic constraints throughout
biology and all organisms from bacteria to plants to animals have
been shown to make them. Arthritis can be seen, in terms of bioen-
ergetics, as analogous to any of an innumerable number of exam-
ples of mechanisms engineered by natural selection to restrict
and set specific limits on metabolic processes.

It will be very difficult to determine irrefutably if what we know
as RA today was in fact an adaptive phenotype in the ancestral
past. The hypotheses presented here lack confirmatory evidence
but should be progressive as it is well known that analyzing dis-
ease states from an evolutionary perspective can ultimately do
much to inform and influence biological theories and even inter-
vention strategies. Furthermore, the evolutionary perspectives
delineated here could potentially provide structure for empirical
investigations in animal behavior or comparative epidemiology.
It is probable that endophenotypes and genetic patterns in RA,
along with animal analogs (or homologues) of arthropathy can be
analyzed in terms of the present theory in order to provide conver-
gent evidence. It is even possible that eventually, genetic hypothe-
sis testing could provide near incontrovertible proof for the present
theory. Until then, comparing intron relative to exon mutations in
susceptibility genes for arthritis, mapping gene linkages, scrutiniz-
ing genome-wide mircroarray analyses and even looking for inter
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and intraspecific trends in genographic data may all provide fur-
ther support.

It is a common observation that young mammals are extremely
active; they run, jump and play very energetically and seem to only
be limited by their cardiovascular endurance. Middle aged mam-
mals are much more sedentary and in fact must be strongly moti-
vated if they are to exert themselves. It is clear that there must be
powerful physiological mechanisms being expressing with age to
create these profound changes in behavior. Surely some of these
mechanisms must create uncomfortable psychological states to
make animals more reluctant to move. It is common knowledge
that many people report noticing increased reluctance to activity
during their own aging process and describe the feeling as very dif-
fuse discomfort, a sensation that may have many components, one
of which may include the arthritis continuum.

After a brief review of the evidence, the present researchers feel
comfortable in concluding that evolution may well have selected
and maintained the genes responsible for the autoimmune assault
on synovial joints. It is thought that analyzing disease states from
an evolutionary perspective may ultimately do much to inform and
guide medical research and therapy [28]. Hopefully this article will
influence researchers to use this paradigm to analyze other auto-
immune and arthropathic disorders in the context of evolutionary
causation. Surely osteoarthritis, crystal arthritis, attachment
arthritis and other forms of synovitis have evolutionary histories-
ones which may even be associated with energy budgeting. It is
not expected that this paradigm will apply to every form of organic
arthropathy or IMID, but rheumatoid arthritis is identified here as a
leading candidate and researchers are encouraged to follow the
lines of logic presented here to identify other candidates. More-
over, we hope that the hypothesis considered here- that the auto-
immune inflammation, particular to RA, may be maintained in
order to stimulate neurological pain systems- may ultimately be
able to help arthritis researchers target the appropriate regulatory
pathways to better treat the disease.
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