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Introduction
A number of studies have positively correlated the 
experience of pain with an increase in body mass index 
(BMI).1,2 With almost 50% of the UK population pro-
jected to be obese by 2030, costs to the UK economy 
generated by lost working time of those in chronic pain 
can be expected to rise. An understanding of the rela-
tionship between obesity and pain is crucial to effec-
tively interject the cycle. As yet, the causal relationship 
between the two remains unclear: it is not known 
whether obesity causes chronic pain, chronic pain 
causes obesity or some other factor causes both con-
currently. Obesity is hypothesised to lead to pain 
because of excess mechanical stresses and its proin-
flammatory state. Chronic pain may result in obesity 
because of physical inactivity and utilisation of eating 
for analgesic effect. Genetic, psychological or meta-
bolic factors may also lead to both obesity and pain.2,3 
This article aims to systematically address each of 
these hypotheses, investigating their roles in the rela-
tionship between obesity and pain, before concluding 
by combining the hypotheses to create a multifactorial 
model of this complex relationship.

Results: obesity can cause pain
Proinflammatory state of obesity
Obese patients are known to exhibit higher levels of the 
inflammatory markers interleukin 6 (IL-6), tumour 
necrosis factor α (TNF-α) and C-reactive protein 
(CRP).4,5 Adipocytes, as well as providing an energy 
store for the body, also have an endocrine function, 
secreting adipocytokines such as IL-6, TNF-α and lep-
tin. CRP is released from the liver in response to IL-6 
among other inflammatory cytokines, normally acting 
to assist the immune system by activating the comple-
ment cascade and opsonising pathogens. IL-6 has roles 
that may contribute further to pain, forming the basis 
of other hypotheses discussed later in this essay. 
Another adipocytokine released is monocyte chemoat-
tractant protein 1 (MCP-1), which attracts monocytes 
to the adipose tissue to stimulate them to release their 
own inflammatory cytokines, including yet more IL-6 
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and TNF-α, so amplifying the response. This relation-
ship is depicted in Figure 1.

Watkins et al.6 summarise the large body of litera-
ture that supports the role of proinflammatory 
cytokines in producing a hyperalgesic state. An 
increased quantity of adipose tissue in an individual 
may then lead to an increased inflammatory response 
with the chemical mediators involved in inflammation, 
such as prostaglandins, kinins and histamine, interact-
ing with the nervous system to create a sensation of 
pain.7

It must be noted, however, that while there exists 
much evidence to support an increased quantity of 
inflammatory cytokines in obese individuals and much 
theory in how inflammatory cytokines contribute to 
pain, there is as yet very little evidence to directly link 
obesity with pain through inflammatory cytokine pro-
duction, and this perhaps is an area for future study.

Mechanical stresses
Increased mechanical stresses on the body in obesity 
are believed to result in an increased risk of musculo-
skeletal and joint pain. A number of studies have shown 
a positive correlation between increased BMI and 
increased musculoskeletal pain, particularly of low 
back pain and lower limb pain.8–10 The hypothesis 
behind this link is that overloading the lower back, hip 
and knee joints causes injury and degradation to these 
structures, leading to osteoarthritis. Mechanoreceptors 

on chondrocytes are activated by the mechanical stim-
ulation of overloading on joints leading to the activa-
tion of intracellular pathways that result in the 
production of metalloproteases and interleukin 1 (IL-
1). Metalloproteases degrade cartilage extracellular 
matrix while IL-1 activates proinflammatory prosta-
glandins and cytokines (Figure 2).

Mechanoreceptors on bone have a similar effect on 
overload stimulation,11 also resulting in degradation of 
bone matrix.12 It therefore seems logical that with 
increased BMI these mechanoreceptors may be stimu-
lated more frequently, leading to degeneration of carti-
lage and bone with associated inflammation. It is 
interesting to note that there is also a positive correla-
tion between increasing BMI and upper limb pain, but 
it could not be accounted for by this hypothesis.13

Results: factors contributing to both 
obesity and pain
Metabolic syndrome
Metabolic syndrome is the name attributed to a group 
of risk factors that together increase the risk of cardio-
vascular disease and stroke. In accordance with the 
World Health Organization’s criteria,14 the metabolic 
syndrome requires diabetes mellitus, impaired glucose 
tolerance or impaired fasting glucose, as well as two or 
more of either hypertension, dyslipidaemia, central 
obesity or microalbuminuria.

Figure 1. Diagram of obesity as a proinflammatory disorder causing pain.
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Prevalence of metabolic syndrome increases with 
increasing BMI and with chronic pain,3,15,16 and so it 
may be that some confounding factor of metabolic syn-
drome relates obesity to pain. This is fathomable given 
that, for example, diabetes is already known to be 
associated with neuropathy. Neuroendocrine levels 
may provide the link between metabolic syndrome 
and pain. Hyperinsulinaemia, as occurs early in insu-
lin resistance, can stimulate the sympathetic nervous 
system with release of noradrenaline. Sympathetic cat-
echolamines have been shown to interact with afferent 
fibres in pathological conditions with some pain-sensi-
tive nerve fibres expressing α2-adrenoceptors.17 In 
support of this hypothesis one study showed that 
female fibromyalgia sufferers exhibited higher levels 
of noradrenaline.15 Conversely, one study was noted, 
which postulated that chronic pain may actually cause 
metabolic syndrome with persistent psychological 
stress resulting in raised catecholamine and cortisol 
levels.16 Also, inflammatory cytokines, notably IL-1, 
are noted to cause an increase in cortisol levels through 
stimulation of the hypothalamic–pituitary–adrenal 
axis. The persistently high cortisol levels caused by 
psychological stress and inflammatory induction 
counteract insulin’s action to raise blood glucose lev-
els and may result in insulin resistance. This is illus-
trated in Figure 3.

There is, however, little supportive research on links 
between the metabolic syndrome, obesity and pain. 
One study, which adjusted results linking obesity and 
pain for all markers of metabolic syndrome, found that 
central obesity was the only significant correlation 
between the two and that irregularities in insulin levels, 

lipid levels and blood pressure were not associated with 
pain.3

Depression
Several studies have investigated the relationship 
between pain and depression, showing a clear link 
between the two.18–20 Some experimental evidence also 
exists linking obesity to depression, although it is noted 
that clinical experience more than experimental evi-
dence consistently supports this link.19,21 Two of the 
above-noted studies indicate that depression and obe-
sity are the major risk factors in the incidence of 
pain.18,21 Pain, obesity and depression appear to share 
a complex reciprocal relationship. Inflammation has 
been hypothesised as having a central role in this 
pathophysiological relationship. IL-6, produced by 
adipocytes (as previously noted), has been correlated 
to depressive symptoms in patients in previous stud-
ies.22 IL-6 is alleged to activate the enzyme indoleam-
ine 2,3-dioxygenase, an enzyme which competes with 
tryptophan hydroxylase for tryptophan. The signifi-
cance of this is that serotonin, which is normally pro-
duced from tryptophan by action of tryptophan 
hydroxylase, becomes less available because of the acti-
vation of the competing pathway.23 Serotonin deple-
tion is well known to be involved in the pathophysiology 
of depression, as can be seen through the success of 
selective serotonin reuptake inhibitors in the treatment 
of depression. Serotonin is also implicated in the 
descending modulation of pain. Reduced levels of ser-
otonin may result not only in depression but also in 
reduced effectiveness of the descending modulatory 

Figure 2. Diagram of obesity causing mechanical stresses which cause pain.
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pathway, thereby increasing the magnitude of pain 
experienced by an individual.24 These relationships are 
illustrated in Figure 4.

Genetics
Relatively few studies have examined the possible 
genetic links between obesity and pain. Two separate 

studies examining these links in twins have been car-
ried out. One study, which examined the relationship 
between obesity and pain, adjusted for genetic fac-
tors and factors that resulted from twins being 
brought up in a shared environment. The results of 
this study showed that some part of the relationship 
between obesity and pain can be explained by either 
genetic factors or familial shared environmental fac-
tors; however, the study did not differentiate between 
these two factors.25 Results of another study, which 
examined monozygotic twins with differing BMIs, 
showed that pain was remarkably similar in each twin 
within a pair despite sometimes large differences in 
BMI, again suggesting a possible genetic cause of 
their pain.26 It is not difficult to accept a genetic link 
between obesity and pain given the understanding 
that obesity itself is highly hereditable with genetics 
suggested to account for 50–80% of the risk of obe-
sity.26 Unipolar depression also shows hereditability, 
exhibiting a concordance of 30–60% in monozygotic 
twins.27

Results: pain can cause obesity
Sedentary lifestyle
Chronic pain may lead to obesity in previously non-
obese individuals. One reason for this subsequent 
weight gain is adoption of a sedentary lifestyle. A study 
of the impact of knee osteoarthritis on physical activity 
found that only 12.9% of male and 7.7% of female 

Figure 3. Diagram of how chronic pain and obesity cause the metabolic syndrome.

Figure 4. Diagram of how depression, obesity and pain 
interact.
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patients with knee osteoarthritis were meeting the rec-
ommended weekly levels of exercise.28 Another study 
positively correlated level and duration of pain with 
resultant weight gain; those individuals with the long-
est-lasting chronic low back pain experienced greater 
gains in weight than asymptomatic individuals.29 These 
studies suggest that obesity is not necessarily com-
pletely causal of pain, but may be secondary to lifestyle 
adaptations associated with pain.

A cognitive–behaviourist hypothesis suggests that 
the progression to an inactive sedentary lifestyle is 
experienced by some patients in chronic pain. A three-
stage model, constructed by Gatchel in 1991, was con-
structed to track the progression from acute pain to 
chronic pain and the input of cognitive processes 
(Table 1).30

According to this model, the patient adopts oper-
ant-learned avoidance behaviours as a result of anxi-
ety due to the expectation that activity exacerbates 
pain. This lack of activity results in less pain being 
experienced but also in physical deconditioning, actu-
ally increasing the likelihood of pain. This lack of 
mobilisation then contributes to obesity.2 It is noted 
that entry to stage two of Gatchel’s model may be 
predisposed by certain personality types and avoided 
by others.

Eating analgesia
Research indicates that eating pleasurable foods, so-
called ‘hedonic eating’,32 confers analgesic effect. 
Experimental rat models have shown that painful 
stimuli applied to subjects that are eating pleasurable 
foods produces a delayed response in comparison 
with control subjects.32 In these studies the pleasure 
derived from the food was the most important factor 
in the analgesic response, with ingestion of unpleas-
ant foods associated with no increased analgesic 
effect. Interestingly, no relationship was found 

between the calorific content and degree of analgesic 
response.

Stimulation of the descending modulatory path-
way from the periaqueductal grey is suggested to be 
integral to this response, as is an area of the brain 
named the raphe magnus. Furthermore, endogenous 
opioids are implicated in the response as exhibited by 
a loss of analgesic effect on inhibition of endogenous 
opioids.33 It is suggested that pleasurable eating stim-
ulates these components in order to inhibit the sensa-
tion of pain.32

This analgesic effect was found to take place only 
during consumption of the foodstuff, not prior to or 
after consumption, and so it follows that for contin-
ued analgesic effect one would theoretically have to 
continue eating. Excessive eating may then be posi-
tively reinforced in individuals who experience 
chronic pain due to this analgesic effect. While the 
above-mentioned studies noted no requirement of 
calorific content of food to stimulate an analgesic 
effect, the simple availability of pleasurable calorie-
dense food to humans makes excess calorie intake 
more likely.

Previous work by Mercer and Holder shows that, 
while these experiments above were carried out on rat 
models, there is some evidence to suggest similar 
mechanisms in humans.34

Conclusion
Obesity and pain have a complex interwoven relation-
ship, and it appears that each of the hypotheses dis-
cussed in this article to explain this relationship are 
interrelated. Obesity is recognised as being a proin-
flammatory state, the subsequent inflammation caus-
ing pain to the individual. Inflammatory cytokines 
cause chronically raised levels of circulating cortisol, 
which may eventually lead to insulin resistance and, 
consequently, metabolic syndrome. The increased 
mechanical stresses of obesity, particularly on the lower 
limbs, cause chondrocytes to produce proteins which 
break down cartilage matrix as well as yet more proin-
flammatory cytokines. The inflammatory cytokines 
produced in obesity have been shown to shift the bal-
ance of serotonin/kynurenine production from trypto-
phan in favour of kynurenine, the reduced serotonin 
levels contributing to depression and increased pain 
experience. Both depression and pain contribute to 
avoidance behaviour and adoption of a sedentary life-
style, further precipitated by joint immobility resulting 
from cartilage degradation. Although a sedentary life-
style appears to reduce pain exacerbation, it actually 
contributes to physical deconditioning and obesity, 
which results in a greater pain experience for the indi-
vidual. Furthermore, eating is used both as a coping 

Table 1. Three-stage model of progression from acute to 
chronic pain and input of cognitive processes by Gatchel31.

Stage Reaction

1 Normal emotional reactions (e.g. fear, anxiety) 
resulting from acute pain perception

2 Behavioural reactions (e.g. learned helplessness, 
distress) from chronic pain lasting 2–4 months as 
may occur with inappropriate attention

3 Acceptance or habituation of the ‘sick role’ 
excusing the individual from his or her normal 
daily roles, which acts to positively reinforce this 
behaviour
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Figure 5. Model of obesity and pain.

mechanism and as a form of analgesia, which tempo-
rarily reduces pain and depression but leads again to 
further weight gain and greater pain experience. 
Genetics may predispose an individual to entering 

this cycle at any number of areas mentioned above. A 
full model has been drawn to incorporate all of the 
above hypotheses (Figure 5) to illustrate the complex 
relationship of obesity and pain. Treatment of obese 
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patients with chronic pain must take into account this 
complex relationship.
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