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Introduction

It is estimated that approximately one in five of the 

adult population in Europe suffers chronic pain,1 

which is therefore more prevalent than asthma2 or 

diabetes.3 However, fewer than 2% of people with 

chronic pain ever attend a specialist pain clinic,4 the 

remainder being managed mainly in primary care.5 

Studies consistently demonstrate that every measured 

dimension of health is worse when chronic pain is 

present than when it is not, and, in addition to this 

physical and emotional burden, the financial cost to 

society is huge (over €200 billion per annum in 

Europe, and $635 billion per annum in the USA in 

2008).6 Despite this, chronic pain remains under-rec-

ognised and unsatisfactorily treated, with pharmaco-

logical interventions dominating.

Chronic pain has long-term biological, psychologi-

cal and social causes and consequences that are impor-

tant in prevention and management. These include 

lifestyle factors (i.e. health-related behaviours or the 

potential results of these behaviours). The aim of this 

review is to examine factors associated with chronic 

pain – some potentially amenable to change or health-

care intervention – and their implications for reducing 

the burden of chronic pain in society.

Why is epidemiology of chronic pain 

important?

Epidemiology is the ‘study of the distribution and 

determinants of health-related states or events in speci-

fied populations and the applications of this study to 

control health problems’.7

Few diseases or conditions have a single causative 

factor or agent; most rely on multiple or combined cir-

cumstances for their development. Although chronic 

pain in an individual may have a single primary cause 

(e.g. injury or herpes zoster), there are other factors 

which influence the duration, intensity and spectrum 

(physical, psychological, social and emotional) of the 

effects of chronic pain, and the perception of these. 

However, it is the study of groups or communities with 

chronic pain, rather than individuals, that will give 

insight into its distribution and determinants; the 
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aetiology (factors which lead to or favour chronicity); 

prevention; prognosis; the impact on quality of life; 

evaluation of treatment strategies; and allocation of 

health service and educational resources.

Although research on the pathophysiology of pain 

mechanisms is important, an understanding of the 

risk factors associated with the presence and develop-

ment of chronic pain remains key to informing clini-

cal management, limiting pain severity and minimising 

disability.

What is known?

At a population level, factors known to be associated 

with chronic pain include physical, psychological and 

social variables;8 a summary is laid out in Table 1. 

Some of the risk factors for the development and per-

sistence of chronic pain that have been identified are 

not, or not directly, amenable to medical intervention 

(e.g. age, sex) but highlight the need for clinical aware-

ness, suggest biological mechanisms, and provide 

opportunities for research. Others factors are certainly 

modifiable, particularly in a primary care environment 

and through self-management.

Modifiable factors associated with pain

Pain. Perhaps the most important clinical risk factor 

for chronic pain is pain itself – either acute pain or 

chronic pain at another site. The more severe the acute 

pain, and the greater the number of pain sites, the more 

likely it is that severe chronic pain will develop.9,10 

There is some evidence to suggest that brain changes 

associated with chronic pain may be reversible after 

effective treatment.11,12 This highlights the importance 

of pain management, not just in the relief of suffering, 

but also as a preventative activity.

A recent neuroimaging study in healthy individuals 

found that brain plasticity can be induced by repeti-

tive experimental noxious stimuli as early as 8 days 

(after daily pain stimulus for 8 consecutive days), and 

that this receded between 22 days and 12 months 

later after the pain stimuli ceased.13 That these ana-

tomical changes within the brain occurred in the 

early stages of pain (before pain could be labelled as 

chronic) further suggests that early intervention will be 

important in preventing chronicity, though this remains 

to be tested clinically.

Mental health. Anxiety, depression and catastrophis-

ing beliefs about pain have been shown to be associ-

ated with the presence of chronic pain and with a 

poor prognosis in people with various pain condi-

tions.14–17 The temporal relationship between chronic 

pain and mental health remains unclear, and it is 

likely that there is a ‘bi-directional aetiology’18 – pain 

causing poor mental health and vice versa. In 

depressed patients, neuroimaging has provided evi-

dence of disturbed prefrontal brain activity and a dys-

function of emotion regulation during experimental 

pain stimulation.19 This reinforces how factors, such 

as depression and anxiety, associated with chronic 

pain become part of the overall condition itself and 

augment the pain experience. Depression in chronic 

pain is probably less amenable to medical treatment 

in isolation, and outcomes are more favourable when 

depressive symptoms are addressed together with 

appropriate pain management.20

Contribution of ‘multimorbidity’ in chronic pain. The 

prevalence of chronic pain is higher in those with other 

chronic diseases than in those without.21 For example, 

up to a third of people with coronary heart disease also 

have chronic pain, and a similar percentage of people 

with chronic obstructive pulmonary disease have 

chronic pain. As with others in the general population, 

the predominant mechanism of pain in people with 

major chronic diseases is musculoskeletal.22 Not only 

does this add to the overall disease burden among these 

individuals, but the co-morbidity, co-prescribing and 

co-occurrence of disability all lead to greater chal-

lenges in managing each condition and reducing their 

impact. Those with severe chronic pain are up to three 

times more likely to die from ischaemic heart disease 

or respiratory disease than those with no chronic 

pain,23 and this may be partly a result of reduced exer-

cise capacity in those disabled by chronic pain.

There is evidence that several chronic physical con-

ditions may increase the risk of chronic pain. This may 

occur directly, through increased nociception from the 

Table 1. Factors associated with chronic pain.

Modifiable Pain
Mental health
Other co-morbidities
Smoking
Alcohol
Obesity
Physical activity/exercise
Sleep
Nutrition
Employment status and 
occupational factors

Non-modifiable Age
Sex
Cultural background
Socioeconomic background
History of trauma/injury/
interpersonal violence
Heritable factors (including genetic)
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periphery, resulting in central and peripheral patho-

physiological changes associated with chronic pain,24 

or indirectly, by accumulated stress or load, with pro-

longed activation of the stress-regulation systems lead-

ing to breakdown of muscle, bone and neural tissue, 

resulting in more pain. This means that other co-morbid 

conditions (not associated with chronic pain) are likely 

to contribute to the reporting of chronic pain.

From a clinical point of view, this suggests that 

many of those presenting with chronic pain will have 

other conditions influencing their chronic pain and, 

more importantly, that an integrated approach to 

assessment and management of those with multiple 

conditions is needed. Chronic pain cannot be managed 

in isolation.

Smoking. Most studies show that the smoking rate in 

pain populations is higher than in the general popula-

tion.25,26 Heavy smokers tend to report more pain 

locations and also increased pain intensity compared 

with those who have never smoked.27 However, the 

evidence for a direct causal relationship between smok-

ing and pain is relatively weak. Although some have 

postulated that the aversive physiological effects of 

smoking cause or aggravate painful conditions, this has 

not been proven.28 Others have suggested that concur-

rent depressive symptoms may mediate the effect of 

smoking on chronic pain outcomes,29 supporting other 

evidence that, although smokers reported more pain, 

this association was weakened when controlling for 

depression.30

What remains unanswered is whether smoking 

cessation improves pain. This is compounded by rel-

atively low rates of successful smoking cessation 

among patients attending pain clinics,31 which is 

thought to be a result of patients using smoking as a 

way to manage pain-related emotional distress and as 

a distractor from pain. Nonetheless, smoking remains 

a major risk factor for cardiovascular disease, which 

has also been shown to be a major co-morbidity and 

cause of mortality among people with chronic pain.23 

The evidence to date suggests that the standard 

approach to smoking cessation may not be effective 

in this cohort and patients may require more inten-

sive smoking interventions.

Alcohol. In ancient times, a cheap wine (Greek oxos; 

sharp wine or vinegar), sometimes called the soldiers’ 

wine, was mixed with myrrh or gall and used as a pain 

reliever for those condemned to crucifixion or in 

extreme pain.32 Today, we know that alcohol has only 

transient analgesic effects, but it is still used by the gen-

eral public to self-medicate.33 However, besides the 

inherent hazards of mixing alcohol and medications, 

the greatest pain-reducing effects occur when alcohol 

is consumed at doses exceeding guidelines for safe 

daily alcohol use. This ultimately has the net result of 

tolerance to alcohol’s analgesic effects. Withdrawal 

from chronic alcohol use often increases pain sensitiv-

ity, which could motivate some people to continue 

drinking or even increase their drinking to reverse 

withdrawal-related pain.34 Thankfully, results from a 

general population cohort in Denmark indicated that 

chronic pain patients are less likely to drink alcohol, 

even less than those on opioid medication.35

Obesity and chronic pain. The relationship between 

increased body mass index (BMI) and chronic pain in 

adults seems intuitive and may be related, in part, to 

increased weight-bearing on joints, reduced physical 

activity and deconditioning.36 However, the relation-

ship is more complex than simply one of mechanical 

overload, as demonstrated in community-based twin 

studies, where familial (genetic and environmental) 

factors were significant contributors to the associa-

tion.37 It is the impact of pain on functional status and 

health-related quality of life that is greater in obese 

individuals than in those with normal BMI.38 While 

obese individuals are likely to have worse scores on 

pain subscales of health-related quality of life (HRQoL) 

instruments, the direct effect of weight on these mea-

surements remains unclear.39

Likewise, in obese elderly individuals, there seems 

to be an increased prevalence of chronic pain among 

those with central obesity that is independent from 

other components of the metabolic syndrome, depres-

sion, anxiety and the presence of painful co-morbid 

conditions.40 In these older adults a higher BMI was 

clearly associated with an increased incidence and 

prevalence of pain.41,42

Overall, the literature suggests an association 

between weight loss and improved pain outcomes, but 

the strength of the relationship varies by study and also 

aetiology/type of pain. The potential benefits of weight 

loss as a strategy for reducing or preventing chronic 

pain have yet to be demonstrated beyond that of osteo-

arthritis and other mechanical aetiology. There is some 

evidence to suggest that weight loss significantly pre-

dicts improvements in pain outcomes, even after 

controlling for depression, and this is probably 

attributed to improved self-esteem and pain percep-

tion.43 Evidence from a small study using topiramate to 

induce weight loss in patients with chronic lower-back 

pain showed a reduction in pain symptoms as well as 

an improvement in HRQoL.44 Nonetheless, and per-

haps more importantly, we know that a greater body 

weight is one of the major risk factors for a higher 

blood pressure and that weight reduction lowers this 

blood pressure and associated cardiovascular risk.45 

This secondary prevention may be more important in 
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reducing overall impact than simply in reducing pain 

severity per se.

Physical activity/exercise and chronic pain. Evidence 

for the benefits of exercise in patients with chronic pain 

is limited, in part because of the heterogeneity of stud-

ies, which are of varying quality and often specific to 

certain pain conditions, and a lack of clear definitions 

as to the exact format of exercise used. For example, 

supervised aerobic and strengthening exercise training 

has been found to have some benefits for patients with 

fibromyalgia symptoms.46 However, this cannot be 

extrapolated to other chronic pain conditions. Walking 

(or treadmill walking) was not found to have a positive 

effect in the management of patients with lower-back 

pain.47 Pooled data from fairly low-quality trials show 

that t’ai chi has a small positive effect for reducing pain 

and disability in people with chronic arthritis.48 Stud-

ies of other forms, including Pilates, yoga or aquatic 

exercises, found very modest benefits for patients, but 

provided insufficient information as to the exact nature 

of the exercise component used.49

General advice, given along with specific advice 

about exercise and functional activities tailored to the 

individual, was found to be more effective for improv-

ing pain and work-related disability than non-specific 

advice alone.50 As with weight-loss interventions, exer-

cise is likely to be important in secondary and tertiary 

prevention and management of co-morbidities.

Sleep problems. A prospective survey from Norway, 

involving only women and over a 17-year period, found 

that disrupted sleep was a risk factor for the onset of 

chronic pain and predictive for pain persistence (but 

not worsening of pain).51 Similarly, a recent prospec-

tive study from the UK suggests that addressing sleep 

problems in chronic pain patients may lessen their risk 

of developing depressive illness, which is associated 

with a poorer pain prognosis.52

Nutrition and pain. Adequate nutrition is a basic 

premise for good health and prevention of chronic dis-

ease. Nutritional strategies are not only potentially 

useful for improving pain management, but also 

important in reducing the known cardiovascular mor-

tality associated with chronic pain. Unfortunately 

there is a dearth of robust evidence in human partici-

pants, with very few good-quality trials completed on 

diet supplementation to treat patients with chronic 

painful symptoms.53,54

Pre-clinical findings suggest that dietary omega-3/

omega-6 ratio may have significance for inflammatory 

pain. Increasing omega-3 intake (found in fish) reduced 

patient-reported joint pain intensity, morning stiffness 

and the number of painful joints in patients with 

rheumatoid arthritis or joint pain secondary to inflam-

matory bowel disease.55

Pain itself is not just a reflection of noxious input 

but also an expression of plasticity in the brain. 

Knowing that the central nervous system has specific 

nutritional requirements, pre-clinical studies suggest 

that reducing polyamine-containing foodstuffs (e.g. 

bran, nuts, soybean) may reduce hyperalgesia56 and 

has shown some early promise in cancer patients with 

metastatic disease.57 Other dietary constituents that 

show early promise include some flavonoid com-

pounds, alpha-lipoic acid (found in broccoli, spinach, 

yeast) and vitamin E for diabetic neuropathy.58 On the 

other hand, there is some preliminary evidence to show 

that medically supervised modified fasting (300 kCal/

day) for a defined and limited period (7–21 days) could 

be useful as an adjunctive therapeutic approach to 

enhance mood in chronic pain patients who are often 

affected by depression and anxiety.59

Of more clinical relevance is that food can interfere 

with drug absorption. Fruit juice (e.g. grapefruit juice) 

consumption in particular interferes with the metabo-

lism or excretion of several drugs, increasing their bio-

availability (and potentiating their side effects). 

Pre-clinical studies suggest that low-dose caffeine can 

interfere with the anti-nociception properties of cer-

tain antidepressants, for example amitriptyline60, and 

that chronic caffeine consumption is related to with-

drawal headache and sleep disturbance (see above).

Employment status and occupational factors. The 

occurrence of pain or the extent to which pain inter-

feres with life may be influenced by partner or family 

responses to pain, demands and control at work, 

employer and co-worker reactions to pain, or even by 

broader issues such as the job market. Individuals who 

are not able to work because of illness or disability are 

also more likely to report chronic pain than those who 

are employed.61 The influence of poor job control, 

expectations for return to work and fear of re-injury all 

contribute to occupational risk factors for the onset or 

persistence of pain.62 This is an important area for fur-

ther study as these factors are potentially modifiable.

Sunshine and vitamin D. There is some evidence to 

suggest a relationship between lack of sunshine, lower 

temperatures and pain reporting. However, pain was 

not deemed an inevitable consequence of such (colder) 

climatic conditions.63 Instead the relationship may, at 

least in part, be mediated through lifestyle factors asso-

ciated with cooler and duller days (less exercise, poorer 

sleep, higher reported boredom). Similarly, a seasonal 

effect could suggest a role for vitamin D, low levels of 

which in some (but not all) studies have been shown to 

be related to the report of pain.64 However, a Cochrane 
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review of vitamin D supplementation for patients with 

chronic pain reported a benefit in reduction of analge-

sics used in only one of the four studies identified.65

Non-modifiable factors associated with 
pain

Although some risk factors are not directly amena-

ble to intervention, they do highlight the need for 

clinical awareness and suggest underlying biological 

mechanisms.

Old age. The relationship between the onset of pain 

and old age is not straightforward.66,67 There is gen-

erally a higher prevalence of chronic pain in old age,61 

and the occurrence of more severe disabling chronic 

pain increases with age.68,69 Given that the world’s 

population aged >65 is likely to double in the next 40 

years,70 the overall burden of chronic pain is also 

likely to rise exponentially. Treatment strategies will 

need to focus increasingly on pain-related co-mor-

bidities and the risk of polypharmacy, both of which 

also rise with age.21

Female sex. Chronic pain syndromes generally have a 

higher prevalence in women.71 There are several 

reviews that contrast the sex (biological) and gender 

(role) differences in pain experiences between males 

and females.71–74 Consistent themes emerge: women 

are found to have lower pain thresholds and lower pain 

tolerance, experience greater unpleasantness (or inten-

sity) with pain and have different analgesic sensitivity. 

Women are over-represented (or men under-repre-

sented) in the proportion of those seeking treatment 

for pain (even allowing for the greater prevalence of 

chronic pain in women in the community). There is 

some evidence to suggest that these gender-related dif-

ferences are associated with age-related hormonal 

changes of puberty and menopause involving oestro-

gen,75 but there is insufficient robust evidence to war-

rant sex-specific pain interventions.

Some recent work undertaken in Germany found 

that gender differences go beyond pain prevalence and 

pain perception, and that women benefited more from 

a multimodal pain management programme than 

men.76 Future studies are required that not only con-

sider whether men and women respond differently to 

intervention type, but also compare effects for different 

pain conditions and treatment approaches.

Influence of ethnicity and cultural background. Pain is 

a complex personal experience influenced by multiple 

interactive biopsychosocial processes. However, there 

is similarity in the prevalence of chronic pain between 

developed (37%) and developing countries (41%) 

according to WHO World Mental Health Surveys.77 

There is some evidence that ethno-cultural differences 

in (experimental) pain perception correlate with clini-

cal pain indices in a range of pain conditions, often 

with under-treatment in ethnic minority groups.78–83 

Interestingly, a greater pain sensitivity (pre-treatment) 

in certain ethnic groups has been shown to predict 

greater post-surgical pain84,85 and with poorer out-

comes from treatment for chronic pain.86

Socioeconomic background. Socioeconomic gradi-

ents in pain are a critical indicator that population-

level factors are involved in the occurrence and 

consequences of chronic disease. Population-based 

studies of chronic pain have consistently shown that 

chronic pain prevalence is inversely related to socio-

economic status.87,88 Furthermore, people living in 

adverse socioeconomic circumstances not only experi-

ence more pain; they also experience more severe 

pain.89,90 There is some evidence to show that neigh-

bourhood deprivation, low levels of education and 

(perceived) income inequalities are associated with the 

onset of pain interfering with daily activities.91 In con-

trast, in the USA, higher neighbourhood socioeco-

nomic status was associated with lower reporting of 

arthritic pain92 and (in a separate study) better chronic 

pain outcomes at tertiary-level pain management.93 

Nonetheless, it is clear that political will and support 

are at least as important as clinical efforts in reducing 

chronic pain and its impact.

Trauma, injury and history of abuse or interpersonal 
violence. Beside the evidence for chronic post-surgi-

cal pain,94,95 two large-scale national surveys found 

that pain is more common among people of any age 

who report a previous history of abuse or violence, in 

either a domestic or a public setting.96,97 Chronic pain 

is therefore yet another serious adverse consequence of 

these events to which physicians should be alert.

The role of genetics in pain. Like other chronic condi-

tions, pain has an important genetic contribution that 

is now being scrutinised. Hundreds of genes relevant 

to pain pathways have been demonstrated in animal 

studies,98 and a smaller number have been demon-

strated in humans.99 Previous work has shown that 

sensitivity to painful stimuli and pain tolerability are, 

to a significant extent, determined by our genes.100,101 

It is clear that there is no unique ‘pain’ gene, but that 

a complex combination of genetic factors interacts 

with psychosocial and lifestyle factors to produce 

chronic pain.102 Genes may act at a number of levels 

to influence the expression of chronic pain, including 

biological processes and behavioural and emotional 

responses. Identifying specific genes and their roles, 
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and distinguishing these from other sources of varia-

tion (gender, ethnicity, socio-cultural, psychological, 

etc.) is currently an important challenge.

There is some evidence that ‘pain reporting’ itself is 

a heritable phenotype, i.e. partly determined by genes, 

the shared milieu or environment, and their interac-

tion.103 There is also evidence from birth cohort stud-

ies that suggests that chronic pain conditions ‘run in 

families’, and that children of parents with chronic 

pain conditions are more likely to develop pain condi-

tions themselves.104–106 There are also certain clinical 

pain-related traits that are heritable, e.g. cold pressor 

pain, heat pain threshold and pinprick hyperalge-

sia107,108 in response to painful experimental stimuli.106 

However, heritability is just a relative measure of genetic 

variation. The potential for genetic studies to underes-

timate the contribution of the ‘shared environment’ is 

of particular significance for pain. The failure to 

address those non-genetic aspects (e.g. pain behav-

iour) as part of a pain management programme will 

prevent the effective treatment of pain symptoms.

A more immediate benefit of the new genetic insight 

into pain is more subtle. An appreciation of the fact 

that a substantial part of the variation in pain percep-

tion has a genetic basis has the potential to change atti-

tudes of both patients and their carers towards the 

nature of the pain itself and the reasons underlying an 

individual’s response to it. The knowledge that pain 

has a genetic basis (to some degree) may also allow a 

more precise understanding of the role of the environ-

ment in explaining the development of pain in geneti-

cally susceptible individuals.109

What does the future hold?

Chronic pain is now acknowledged as a condition in its 

own right, underpinned by an agreed set of definitions 

for most chronic pain conditions,110 and there is a new 

sense of purpose shown by clinicians and governments, 

including in the UK.111 The first hurdle is the better 

recognition of chronic pain. Dedicated coding within 

routinely collected data sources and disease registries 

is required to enable population and health system sur-

veillance of chronic pain, large-scale studies of risks, 

treatments and outcomes, and crucially, visibility, link-

ing chronic pain to existing (and better-funded) health 

priority areas such as cancer, injury, obesity and healthy 

ageing.112

Conclusion

The existence of both individual-level and population-

level risk factors for the onset or persistence of pain sug-

gests that opportunities for intervention exist at more 

than one level.113 Research that ignores population-level 

factors and intervenes exclusively in high-risk individu-

als (e.g. specialist pain clinics) could limit options for 

reducing the overall community burden of chronic pain. 

Chronic pain management dominated by analgesic 

medication will fail to address adequately the role of 

activity, psychological factors and social factors in main-

taining daily function. There are clear opportunities for 

all health professionals to facilitate changes in lifestyle 

that have the potential to improve morbidity and func-

tion in patients with chronic pain, simultaneously reduc-

ing the risks and impact of common co-morbidities. 

Further research is required to identify the most effec-

tive approaches, and this should be a priority for all 

health services.
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