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Despite widespread recognition of the importance of 
developing better interventions for chronic pain, little 
progress has been made. To address this unmet public- 
health need, the Interagency Pain Research Coordinating 
Committee of the US National Institutes of Health (NIH) 
convened working groups to develop a research agenda 
for the Federal Pain Research Strategy. This article  
summarizes some of the recommendations that have 
been included in that report. Our working group focused 
on the transition from acute to chronic pain.

We identified several overarching conceptual issues 
that need to be addressed to advance our understanding of 
chronic pain. First, various clinical risk factors have been 
identified that predispose individuals to chronic pain 
(for example, extensive nerve damage during surgery).  
The results of preclinical animal studies have demon-
strated a key role for neuronal plasticity and nervous 
system interactions with the immune system in chronic 
pain states1. Brain imaging studies in patients have con-
sistently revealed changes in brain function and anatomy 
as pain becomes chronic2. A comprehensive picture of 
how these findings may come together to promote the 
acute to chronic pain transition represents a major gap 
in our knowledge (Supplementary Figure 1).

Second, when does the transition to a chronic pain 
state occur? It is widely assumed that the transition hap-
pens some period of time after the onset of acute pain, but 
it is also possible that acute and chronic pain mechanisms 
commence simultaneously in people whose pain persists.

Third, many different mechanisms can promote the 
development of chronic pain (reviewed in ref.3) but these 
disparate mechanisms can result in strikingly similar phe-
notypes. Importantly, as most human studies only assess 
phenotypes, we often have little knowledge of the underly-
ing molecular mechanisms in patient populations and few 
tools available to elucidate those mechanisms. Therefore, 
there is a deepening knowledge gap between non- human 

animal and clinical studies. This gap can be addressed by 
developing technology to define physiological and molec-
ular mechanisms in humans and expanding the range of 
phenotypic pain behaviours assessed in animal studies.

Fourth, it is unclear whether the path to treatment 
of chronic pain states necessarily involves targeting of 
the mechanisms that caused the pain to become chronic 
or if there are separate endogenous pain- resolution 
 mechanisms that can reverse the course of chronic pain. 
On the basis of these overarching issues, we identified 
three major research priorities.

Transition mechanisms and therapies
It is now clear that the transition to chronic pain funda-
mentally changes neuronal phenotypes and/or circuits 
rendering acute pain medicines less effective. New pain 
treatments are needed that will benefit patients with 
chronic pain. These could include novel, non- opioid 
analgesics, more efficacious non- pharmacological 
treatment approaches and novel opioid analgesics 
with decreased abuse liability4. Another impor-
tant  development would be the discovery of the first 
disease-modifying treatments for chronic pain. 

To realize these more effective pain treatments, we 
identified two priorities. First, a focus should be placed 
on drug and other forms of therapeutic discovery  
(for example, non- pharmacological modalities) to 
develop treatments that simultaneously block acute 
pain and the mechanisms that promote development of 
chronic pain. Second, therapeutics should be created that 
mimic or target endogenous pain- resolution mechanisms 
to reduce and potentially permanently reverse chronic 
pain (Supplementary Figure 2). Basic discovery research 
in these areas should be encouraged in the academic 
community and via academic–industry partnerships.

To enable the discovery of new therapeutics, novel 
tools and technologies have to be developed to bridge 
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gaps between advances in preclinical research and our 
understanding of chronic pain in humans. These include 
advances in next- generation sequencing and/or imag-
ing to characterize the mechanisms and risk factors that 
drive pain- related plasticity in patients. As human tis-
sue availability continues to expand, avenues of research 
leveraging these resources with new technologies in cell 
biology should be pursued to rigorously evaluate plas-
ticity and resolution mechanisms that were discovered in 
animal models in humans. Moreover, researchers should 
take advantage of human stem cells to hone in on new 
pain mechanisms and, potentially, to better treat chronic 
pain. For instance, as has been shown in preclinical models, 
stem cells may be utilized to enhance or replace elements 
of the ‘pain circuitry’ that have gone awry in chronic pain5.

Researchers should also utilize and/or engineer new 
technologies for the assessment of brain network con-
nectivity changes in preclinical models that may add 
considerable molecular insight to human imaging work. 
Parallel advances in this area may enable discovery of 
therapeutic strategies that will target the myriad of brain 
abnormalities that emerge with chronic pain.

Finally, findings in animal models suggest that cer-
tain acute pain therapeutics can enhance the transition 
to chronic pain. This paradox should be investigated 
prospectively. Conceivably, some strategies for relieving 
acute pain may impair resolution mechanisms, as has 
been suggested for opioids in animal models.

Identifying group differences
Unfortunately, very little attention has been paid, in the 
US and elsewhere, to studying chronic pain in some 
populations. Research aimed at the transition to chronic 
pain in populations that have traditionally been ignored 
or excluded from study could have a large impact on the 
prevalence of chronic pain. Although there have been 
recent advances, it is still largely unknown how early- life 
experience influences chronic pain. Do pain mechanisms 
differ at birth, in childhood and/or during adolescence 
from those later in life? Recent research suggests that 
there are critical periods in which individuals are rela-
tively protected from the development of injury- induced 
or disease- induced chronic pain. For instance, posther-
petic neuralgia, which often follows an episode of shin-
gles in older adults, rarely occurs in children. Research 
targeting the mechanisms that underlie age- dependent 
differences has great potential for the discovery of novel 
pain- resolution mechanisms and therapeutic strategies.

Chronic pain mechanisms in women have almost 
entirely been ignored, a fact that is highlighted by a 
recent, much needed change in NIH policy. Chronic 
pain is more prevalent in women than men and pre-
clinical studies increasingly demonstrate mechanistic 
differences in molecular pathways that promote chronic 
pain between the sexes. It may, in fact, be a mistake to 
expect therapeutics that are effective in women to be 
equally effective in men and vice versa. It is also clear 
that changes in hormone and neuroendocrine levels 
occur across the lifespan, in a sex- dependent fashion, 
and are likely important contributors to the transition 
from acute to chronic pain. These mechanisms are 
poorly understood and not widely studied. Expanding 

research effort in this area could advance the objective 
of developing personalized pain medicine.

Mechanism- targeted clinical trials
Cross- sectional studies document the incidence of 
chronic pain, but to determine causes for the transition 
to chronic pain, prospective longitudinal studies must 
be conducted. A goal should be to study clinical pop-
ulations in which protective factors can be identified 
and integrated with known risk factors, such as more 
severe acute pain. These prospective studies should also 
capitalize on new technologies and new basic science 
knowledge (for example, sequencing of defined cell pop-
ulations) to identify mechanisms of transition to chronic 
pain prospectively in patients. Such studies may identify 
interventions that can then be examined in clinical trials.

Mechanistic clinical trials that target risk and/or  
endogenous pain- resolution factors are the most infor-
mative approach to studying putative preventive 
interventions6. For example, does pharmacological or non- 
pharmacological attenuation of high levels of acute pain or 
central sensitization, or augmentation of descending inhi-
bition, reduce the risk that patients will develop chronic 
pain? Outcomes that are meaningful to patients, such as 
functional recovery, should be assessed in such mecha-
nistic trials; simply measuring pain is not adequate. The 
development of biomarkers of chronic pain is also essential.

Conclusions
As inadequate treatment options for chronic pain place 
an immense burden on patients, families, health- care 
systems and our society, and are probably impor-
tant contributors to the overuse of prescription opi-
oids, scientific progress in the areas highlighted above 
is essential. Initiatives to identify valid biomarkers,  
to investigate the acute to chronic pain transition in 
large patient cohorts and to establish pain clinical trial 
networks are being developed. These efforts and the 
rest of the research agenda outlined here will hopefully 
advance the field and create new opportunities for near- 
term and long- term breakthroughs that will decrease the 
incidence and impact of chronic pain.
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