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ABSTRACT
Background and Objective: Chronic pain is a major global health challenge with substantial individual and societal burden. 
Epidemiological studies are essential for understanding the scale of the problem and identifying approaches to management. 
However, they reveal wide variation in reported prevalence, largely due to variations in defining and phenotyping of pain, with 
estimates spanning roughly 10%–50% depending on wording, recall period, severity thresholds, sampling and ascertainment 
mode. This paper discusses phenotyping approaches in pain epidemiology, highlighting the need for pre-specified, transparent 
case definitions with harmonisation to improve comparability and reproducibility across studies.
Methods: We drew from epidemiological literature on chronic pain phenotyping, focusing on methodological approaches. 
Examples of successful phenotyping strategies from large cohorts and consortia were identified to illustrate scalable and repro-
ducible methods.
Results: We identified ‘broad and shallow’ versus ‘deep and narrow’ approaches to phenotyping, and how they form part of 
a pyramid model. We explored this further using neuropathic pain as a worked example, with reference to the International 
Association for the Study of Pain's Special Interest Group on Neuropathic Pain (NeuPSIG) grading system for neuropathic pain 
and the Neuropathic Pain Phenotyping by International Consensus (NeuroPPIC) project, which aimed to offer a standardised 
and scalable phenotype suitable for epidemiological and genetic research. We also briefly reviewed other, modern approaches 
to phenotyping that have been developed, which combine large population samples, data integration and advanced statistical 
modelling, with the promise of enhanced comparability, and replication.
Conclusions: Consensus on phenotyping is needed. We have illustrated a structured, scalable approach to standardised pheno-
typing, supporting data integration, comparability and replication.
Significance Statement: This review highlights the critical importance of standardised phenotyping in chronic pain epidemi-
ology. We introduce the pyramid model as a framework addressing key methodological gaps. Enabling scalable and reproducible 
phenotyping strengthens the foundation for future research and clinical translation, ultimately improving outcomes for people 
living with pain.
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1   |   Introduction

One's knowledge of science begins when he can measure 
what he is speaking about and express it in numbers.

(Lord Kelvin, 1824–1907, cited in Eysenck (1973)).

Epidemiology, as defined by Last  (2001), is ‘the study of the 
distribution and determinants of health-related states or events 
in specified populations and the application of this study to 
control health problems’. This definition, though still widely 
used, has evolved to cover the study of both communicable and 
non-communicable conditions across various contexts (Frérot 
et al. 2018). For individual health conditions, epidemiological 
methods allow us to explore who is affected, why they occur 
and how best to reduce the burden of illness. This information 
is essential for the planning and delivery of healthcare services.

Chronic pain epidemiology, in particular, poses unique chal-
lenges due to inconsistencies in phenotyping and case defini-
tion. Chronic pain has variably been conceptualised based on 
physical site affected (e.g., headache), mechanism of pathology 
(e.g., neuropathic pain), severity (e.g., ‘high impact’ chronic 
pain) and as a global entity in its own right. This lack of con-
sensus complicates how chronic pain is identified in population 
studies and contributes significantly to variability in prevalence 
estimates. The ways in which cases are defined and identified 
are integral to any epidemiological study.

In this paper, we consider the importance of phenotype and case 
definitions in studies of chronic pain, and summarise the current 
state and variability of chronic pain epidemiology across interna-
tional studies. It is presented as a position piece, aiming to outline 
key challenges in phenotyping chronic pain, and specifically in 
neuropathic pain, for population studies, drawing on existing evi-
dence and experience and to propose a conceptual model to support 
future research. We then focus on phenotyping and its critical role 
in improving consistency. Using neuropathic pain as an example, 
we explore the pyramid model for understanding different degrees 
of phenotyping and discuss how standardised phenotypes can im-
prove replicability when considering different types of research 
questions. Finally, we briefly consider some newer approaches to 
phenotyping chronic pain in large-scale population studies.

2   |   Phenotype, Phenotyping and Case Definition

The word phenotype was coined by the Danish botanist 
Wilhelm Johannsen  (1911), alongside its partner word geno-
type, to describe ‘the observable properties, characteristics, or 
form of an organism or person produced by the genotype in 
synergy or interaction with the environment’ (Johannsen 1911; 
Porta 2014). However, over the years its use has been adopted 
beyond genetics into other areas of medicine and science. 
Thus, in epidemiology the phenotype may be considered as the 
observable set of characteristics of a case. Phenotyping, as a 
verb, is the process of measuring and attributing these char-
acteristics to individual members of the study sample. A case 
definition is ‘a set of criteria…that must be fulfilled in order 
to identify a person as representing a case of a particular dis-
ease or condition’ (Porta 2014), and thus requires the selection 

of specific components/characteristics from the phenotype to 
apply in a particular context. Case definitions are often specific 
to individual studies and form the basis of case identification.

3   |   Case Definition Matters

Estimates of chronic pain prevalence vary widely across stud-
ies, populations and countries. A recent systematic review by 
Rometsch et al. (2025), covering over 860,000 European adults, 
reported wide-ranging estimates: point prevalence from 12% to 
48%, 6-month prevalence from 17.5% to 49.8%, 12-month prev-
alence from 8.1% to 44.6% and lifetime prevalence from 12.7% 
to 33.7%. The authors concluded that such variability could be 
reduced by applying consistent diagnostic criteria and stan-
dardised assessment tools, such as structured interviews and 
validated pain scales. Beyond European populations, global 
estimates show similar variability. Data from the World Health 
Survey, covering 52 countries and five continents, demonstrated 
an overall pain prevalence of 27.5%, with a range across coun-
tries from 9.9% to 50.3% (lowest in China, highest in Morocco) 
(Zimmer et al. 2022). Another systematic review identified prev-
alence studies from 34 countries and found an overall chronic 
pain prevalence of approximately 30.3%, with slightly higher 
prevalence in countries that have a lower Human Development 
Index (HDI) (33.9%; range 5.5% in Nigeria to 60.4% in Ukraine) 
compared with higher-HDI countries (29.9%; range 8.7% in 
Singapore to 53.7 in Sweden) (Elzahaf et al. 2012). Using the World 
Bank regional classification, the authors also found that prev-
alence was highest in North America (35.6%) and sub-Saharan 
Africa (40.8%), moderate in Europe/Central Asia (29.2%) and the 
Middle East/North Africa (28.0%) and lower in East/South Asia 
(19%–25%) and Latin America/Caribbean (26.4%). Similarly, a 
systematic review focusing on low- and middle-income coun-
tries reported a pooled prevalence of unspecified chronic pain of 
34%, with a range of 13%–49% and the authors attributed much 
of this variation to unstandardised case definition and pheno-
typing (Jackson et al. 2016). These studies highlight that differ-
ences in how chronic pain is defined, measured and categorised 
account for much of the observed variability across populations.

Population prevalence estimates are highly sensitive to varia-
tions in case definition and the methods used to collect pheno-
type data. For example:

•	 James et al. (1991) performed an interview-based study with 
1498 participants from urban populations in New Zealand 
and reported that the lifetime prevalence of life-disrupting 
pain was over 80%.

•	 Elliott et al. (1999) used a broad case definition (any pain or 
discomfort present for at least 3 months) but also included 
pain location and severity grading (Von Korff et al. 1992) to 
allow further categorisation. They estimated a population 
prevalence of any chronic pain of 46.5%, with 6.3% report-
ing the most severe grade (Smith et al. 2001). Chronic pain 
and severe chronic pain were associated with higher age 
and greater deprivation, among other factors.

•	 Breivik et al. (2006) conducted a large-scale European tele-
phone interview survey using a definition of pain lasting 
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6 months or more and rated ≥ 5/10 in intensity, experi-
enced in the most recent month, occurring at least twice 
in the most recent week. They estimated that 19% of adults 
across 15 European countries and Israel (ranging from 12% 
in Spain to 30% in Norway) were living with chronic pain 
based on their screening criteria.

•	 The UK Biobank research cohort (Sudlow et  al.  2015) 
used a baseline questionnaire that assessed pain lasting 
more than 3 months in seven body sites, or ‘all over the 
body’, which interfered with usual activities. With this, 
McQueenie et  al.  (2021) found a prevalence of pain in at 
least one site of 43.7%, and of pain in more than three sites 
of 4.4%. They found a strong association between chronic 
pain and multimorbidity, indicating that individuals with 
more than four long-term conditions were over 20 times 
more likely to report widespread pain than those with 
none.

•	 Baskozos et  al.  (2023) applied an updated re-phenotyping 
approach in the UK Biobank, using participant responses 
aligned to the International Classification of Diseases 
11th Revision (ICD-11) (Treede et al. 2019) along with the 
Douleur Neuropathique en 4 Questions (DN4) questionnaire 
(Bouhassira et al. 2005) to classify neuropathic versus non-
neuropathic chronic pain. Among 148,828 participants, 
51.1% reported chronic pain, with 9.2% classified as neu-
ropathic. The study showed that neuropathic pain was 
associated with poorer health, higher pain intensity, and 
comorbid conditions such as diabetes, fibromyalgia and 
musculoskeletal disorders.

•	 Rikard et al. (2023) used a subsection of the National Health 
Interview Survey in the United States that sought to define 
chronic pain as pain on ‘most days or every day’ (rather 
than ‘never or some days’) during the previous 3 months. 
They extrapolated from an interviewed sample of 29,482 
adults to estimate a national prevalence of 20.9% in 2021, 
and 6.9% experiencing high-impact chronic pain (limiting 
daily activities or work on most or all days).

However, even with harmonised definitions, other aspects of 
study design, including sampling and recruitment methods, 
can influence prevalence estimates. For example, some high es-
timates may reflect specific urban samples or interview-based 
methodologies; others may be affected by non-population-based 
sampling, self-report questionnaires, or volunteer bias in re-
search cohorts. Although these studies provide insights and 
increasingly robust phenotyping, their generalisability may be 
limited by such methodological factors. Furthermore, some 
research cohorts (e.g., UK Biobank) display a “healthy volun-
teer” selection bias and often under-represent priority popula-
tions who disproportionately bear the burden of chronic pain 
(Fry et al. 2017). These selection biases may therefore limit the 
broader applicability of findings. In addition, because most bio-
bank studies are conducted in high-income settings, their re-
sults may not fully translate to middle- and low-income contexts 
(Brayne and Moffitt 2022). For example, in the study reported by 
Zimmer et al. (2022), the same chronic pain definition was used 
in all 52 countries, yet prevalence still ranged widely. This vari-
ation was explained by a model incorporating six factors (i.e., 
equality, population density, gender inequality, life expectancy 

and global region), emphasising that determinants beyond phe-
notyping also influence prevalence estimates.

Regardless, the above examples highlight how even subtle dif-
ferences in wording, recall periods, or severity thresholds can 
lead to substantially different population estimates. Does this 
matter? The lack of standardisation in case definitions has real-
world consequences. Inconsistent or unreliable data complicates 
public health planning, hampers the development of targeted 
treatments, and limits our ability to evaluate the effectiveness of 
healthcare interventions and systems. Furthermore, these chal-
lenges extend beyond simple prevalence estimates. Evaluating 
the burden of disease also requires consistency in case defini-
tion. Chronic pain is a multifactorial condition that seldom 
occurs in isolation, frequently coexisting with other long-term 
conditions. It significantly affects psychological, emotional and 
social wellbeing; individuals with chronic pain are more likely 
to experience mood disorders, including depression, anxiety and 
suicide (Aaron et  al.  2025; McQueenie et  al.  2021). Similarly, 
studies have shown that chronic pain is associated with a 
higher burden of comorbidities that interact in complex ways 
to worsen outcomes and contribute to a cycle of disability and 
distress (Dominick et al. 2012; Dueñas et al. 2016). Among older 
adults, pain-related disability often leads to social isolation and 
diminished community engagement (Currie and Wang  2004). 
Van Hecke et  al.  (2017) also demonstrated the shared genetic 
predispositions underlying chronic pain and common comor-
bidities. Without a unified framework, we risk both under- and 
over-estimating the true burden of chronic pain. Moreover, this 
variability undermines efforts to identify consistent biological, 
psychological and social correlates of pain, constraining the de-
velopment of tailored interventions.

4   |   Improving Consistency

Given the importance of consistent definitions, one significant 
step toward standardisation has come from the reclassification 
of chronic pain in the ICD-11, a collaborative process between 
the World Health Organization (WHO) and the International 
Association for the Study of Pain (IASP). ICD-11 defines chronic 
pain as pain persisting or recurring for more than 3 months and 
distinguishes between chronic primary pain (e.g., fibromyalgia) 
and chronic secondary pain (e.g., chronic cancer-related pain or 
chronic neuropathic pain) (Treede et al. 2019). This internation-
ally agreed framework represents a valuable foundation for clin-
ical and research use. The hierarchy will take some time to bed 
into existing clinical and research processes, but it will provide 
a useful structure for consistency in diagnostic coding, epidemi-
ological tracking and health policy. However, ICD-11 was pri-
marily designed as a clinical tool, relying on clinician expertise 
and one-to-one assessment. The challenge lies in adapting and 
expanding these definitions for population research, where con-
sistent, replicable approaches to diagnosis and phenotyping are 
required at scale.

Protocols adopted by large research cohorts may provide an-
other means toward consistency. Consortia such as DOLORisk 
(Pascal et al. 2019), PAINSTORM (n.d.) and efforts within UK 
Biobank have adopted consistent data collection and phenotyp-
ing frameworks. These initiatives may reduce heterogeneity by 
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implementing unified strategies to classify chronic pain, partic-
ularly subtypes such as neuropathic pain (Hébert et al. 2023).

5   |   Approaches to Phenotyping and the Pyramid 
Model

At the core of this variability lies a deceptively simple question: 
what do we mean by “chronic pain”? It is only relatively recently 
that we have settled on the time-based definition of pain lasting 
longer than 3 months (Treede et al. 2019). Prior to this consensus 
agreement, operationalising the concept of chronic pain was not 
straightforward, and the way it was identified profoundly influ-
enced study outcomes.

Phenotyping study participants can be considered as a spectrum, 
ranging from ‘broad and shallow’ (i.e., collecting small amounts 
of data from a large number of participants) to ‘narrow and deep’ 
(i.e., collecting large amounts of data from a small number of 
participants). This reflects approaches to phenotyping that 
have been widely used and discussed previously in epidemiol-
ogy (Robinson  2012; Swerdel and Conover  2023). There are a 
large number of variables that could potentially be collected; 
phenotypic characteristics include pain duration, characteris-
tics, intensity, location, associated symptoms, interference with 
function, underlying mechanisms or pathology, examination 
findings, investigation results, response to treatment and so on. 
These variables may be obtained through different processes; 
for example, through participant interviews/surveys, clinical 
examination, clinical investigations, or evaluation of medical 
records. Often the decision about what type of phenotyping to 
perform for a given study is a pragmatic compromise driven by 

limitations in key resources (i.e., time, money, or people) or by 
study design. More detailed phenotypes may be more scientifi-
cally rigorous but are difficult to implement at scale, whilst sim-
ple phenotypes are easier to collect but may lack precision. This 
trade-off between validity and feasibility is a common dilemma 
in population-based research.

This concept forms the basis for the pyramid model of pheno-
typing (Figure 1). The base of the pyramid reflects the ‘broad 
and shallow’ approach: using brief questionnaires across large 
or very large study populations. At each higher level, the amount 
of data collected increases whilst the sample size falls, until the 
uppermost level (‘narrow and deep’) where detailed clinical 
examination and/or testing can only be done on small study 
populations.

Although the frameworks we discuss may apply broadly to 
chronic pain, we will focus on neuropathic pain as a worked 
example to illustrate the principles of phenotyping and the pyr-
amid model.

6   |   Using the Pyramid Model to Explore 
Neuropathic Pain

The issue of phenotyping is particularly challenging for neuro-
pathic pain, which is variably classified in the literature. Clinical 
features such as sensory loss or positive signs (e.g., allodynia, hy-
peralgesia) are difficult to measure and rarely available. Overly 
simplified phenotypes may obscure biologically meaningful pain 
subtypes, hindering research progress and clinical translation. 
Without a common case definition, meaningful comparisons or 

FIGURE 1    |    Phenotyping chronic (neuropathic) pain for human studies. NeuP, neuropathic pain.
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data pooling across studies remain difficult. For example, a sys-
tematic review of genetic studies in neuropathic pain (Veluchamy 
et al. 2018) identified 29 different case definitions across 29 studies, 
resulting in minimal overlap of findings and poor replication of 
genetic associations. Importantly, even within the same dataset, 
small changes in case definition led to markedly different genetic 
associations. In a genome-wide association study (GWAS), Meng, 
Deshmukh, Donnelly, et  al.  (2015) identified neuropathic pain 
cases according to recorded prescriptions of anti-neuropathic pain 
medicines, and reported a possible sex-specific genetic variant 
on chromosome 1. In the same dataset, the addition of recorded 
monofilament testing of foot sensation to the case definition did 
not find this suggestive association but found a different one (not 
sex-specific) on chromosome 8 (Meng, Deshmukh, Donnelly, 
et al. 2015). This highlights the sensitivity of genetic discovery to 
phenotyping approaches and the need for uniformity. The solution 
lies in developing and adopting phenotypes that strike the right 
balance: valid enough to capture relevant clinical and biological 
features, yet feasible to apply in large-scale datasets. Although 
our worked example focuses on neuropathic pain, the principles 
described below may be applicable to other types of chronic pain 
which may have other (possibly greater) biological or genetic 
complexities.

Recent initiatives have begun addressing this gap, aiming to 
standardise neuropathic pain phenotyping across clinical and 
research cohorts, in order to improve comparability, reproduc-
ibility and clinical relevance. The IASP's Special Interest Group 
on Neuropathic Pain (NeuPSIG) developed a grading system 
for neuropathic pain (Finnerup et  al.  2016) that parallels the 
pyramid model of phenotyping (Figure 1). In the clinical con-
text, evaluation begins with a simple clinical history aiming 
to discern the presence of a pain distribution that is consistent 
with a lesion or disease of the somatosensory system, leading 
to an assessment of ‘possible neuropathic pain’. In the research 
context, this could also be done with detailed or simple ques-
tionnaires, potentially involving large or very large numbers 
of people (equivalent to levels three and four of the pyramid 
model). The addition of examination findings (sensory signs in 
the same neuroanatomical distribution) leads to an assessment 

of ‘probable neuropathic pain’. In the clinical context, the 
examination naturally follows from the history, but in the 
research context, adding these additional data requires a sub-
stantially different study design (with a corresponding increase 
in resource requirements) and so will likely be associated with 
smaller sample sizes (level two of the pyramid model). Finally, 
confirmatory tests (such as neurophysiology or imaging) that 
demonstrate a lesion or disease provide evidence for ‘definite 
neuropathic pain’, and in the context of research, will require 
yet another step up in resources (corresponding to level one of 
the pyramid model).

7   |   Neuropathic Pain Phenotyping by 
International Consensus (NeuroPPIC)

NeuPSIG undertook the Neuropathic Pain Phenotyping by 
International Consensus (NeuroPPIC) project, which aimed to 
offer a standardised and scalable phenotype suitable for epidemi-
ological and genetic research. The main output was a consensus-
driven, pragmatic ‘entry-level’ phenotype to enable harmonisation 
across large-scale datasets (Van Hecke et al. 2015). Its core compo-
nents were chronicity (pain > 3 months), neuroanatomic distribu-
tion of pain, validated screening tool results (e.g., DN4 (Bouhassira 
et al. 2005)), assessing pain characteristics and the introduction of 
severity ratings as required. The ‘entry-level’ phenotype could be 
applied in population cohorts without requiring clinical examina-
tion or advanced diagnostics (Figure 2).

This is intended to form a basis for a hierarchical approach to 
phenotyping, mirroring the NeuPSIG grading system (Finnerup 
et al. 2016), with diagnostic certainty becoming possible as addi-
tional examination and tests are applied. ‘Possible neuropathic 
pain’ is based on symptoms and screening tools. Further phe-
notyping will allow progression toward ‘probable neuropathic 
pain’, with examination confirming sensory signs in the same 
neuroanatomically plausible distribution and ‘definite neuro-
pathic pain’ with the addition of confirmatory tests. This phe-
notyping should also align with the more recent classification 
of neuropathic pain in ICD-11 (Scholz et  al.  2019), including 

FIGURE 2    |    NeuroPPIC ‘entry level phenotype’: ‘possible neuropathic pain’.
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peripheral (e.g., polyneuropathy, radiculopathy) and central 
(e.g., spinal cord injury, multiple sclerosis) neuropathic pain.

NeuroPPIC's application in cohorts such as Genetics of Diabetes 
Audit and Research in Tayside Scotland (GoDARTS, (Hébert 
et  al.  2018)) and Generation Scotland: Scottish Family Health 
Study (GS:SFHS, (Smith et  al.  2013)) exemplifies this level, 
where pain status was inferred using brief questionnaire instru-
ments, as part of the DOLORisk programme (Hébert et al. 2021; 
Pascal et  al.  2019). A GWAS meta-analysis of the GoDARTS 
and GS:SFHS datasets (1244 cases and 2832 controls) identi-
fied genome-wide significant associations with variants in the 
ephrin receptor tyrosine kinase A3 (EPHA3) gene, which is im-
plicated in nervous system development and synaptic plasticity. 
Narrow-sense heritability of neuropathic pain was estimated 
at 33%, further supporting a substantial genetic contribution to 
neuropathic pain and reinforcing the utility of the NeuroPPIC 
phenotype (Veluchamy et al. 2021).

Moving up the pyramid, the DOLORisk consortium and collab-
orators utilised this approach by adding measures of pain inten-
sity and findings of detailed clinical examination to the ‘entry 
level’ NeuroPPIC phenotype in a harmonised cohort of people 
with diabetic neuropathy (Hébert et al. 2021; Pascal et al. 2019). 
This allowed the identification, in a GWAS, of a potassium 
channel gene (KCNT2) associated with ‘probable neuropathic 
pain’ in diabetic neuropathy (Åkerlund et al. 2025). Further ro-
bust phenotyping, using quantitative sensory testing, allowed a 
case definition approaching ‘definite neuropathic pain’ and rep-
resenting the peak of the pyramid (Figure 1). This step showed 
that the identified KCNT2 variant was associated with signifi-
cantly different responses to testing of mechanical sensitivity. 
This study illustrates the value of a harmonised and stratified 
approach to phenotyping, with valuable insights gained from 
each stage of the pyramid.

8   |   Other Phenotyping Approaches for Chronic 
Pain

We have focused on questionnaire-based phenotyping ap-
proaches, particularly for large population studies, at the base 
of the proposed pyramid. Other approaches to phenotyping 
neuropathic pain in large samples include coded diagnoses in 
clinical datasets (e.g., Gajria et al. 2011; Hall et al. 2006), and the 
use of prescribing records (McDermott et al. 2006; Veluchamy 
et al. 2021).

When pain phenotypes cannot be directly harmonised, other 
approaches are possible. For example, Meng et  al.  (2023) re-
ported a GWAS meta-analysis on the self-reported headache 
phenotype from UK Biobank, and the self-reported migraine 
phenotype from 23andMe (a genomics company with a large 
research participant database). This was considered a valid 
approach despite the differences between these phenotypes, 
as they identified a strong genetic correlation before the meta-
analysis was performed (r = 0.72 (p = 1.66 × 10–68, standard 
error = 0.04)). This approach allowed identification of four new 
genetic loci associated with headache, in addition to the previ-
ously identified 34 loci from individual studies included. In the 
study by Veluchamy et  al.  (2021) described above, additional 

cases of neuropathic pain (n = 3268) were identified through 
self-reported prescribing. These were meta-analysed with those 
identified in GoDARTS and GS:SFHS in a further GWAS, with 
the identification of another biologically plausible genetic asso-
ciation, of genome-wide significance, on chromosome 12. Their 
comparison of questionnaire-based and prescribing-based phe-
notypes confirmed reasonable sensitivity and specificity.

Beyond conventional approaches, increasingly sophisticated 
phenotyping approaches incorporate complex genetic and bio-
psychosocial factors that transcend the pyramid's restrictions. 
For instance, Zorina-Lichtenwalter et  al.  (2023) integrated 
questionnaire-based data with existing medical records and 
applied genomic structural equation modelling to 24 chronic 
pain conditions (from a list of 91 candidate phenotypes) in the 
UK Biobank, identifying shared genetic patterns across condi-
tions, driven by two latent factors (i.e., one general and another 
specific to musculoskeletal pain). Similarly, Tanguay-Sabourin 
et al. (2023) combined data from questionnaires, laboratory, im-
aging and genomic datasets to develop a multidimensional bio-
psychosocial framework for characterising chronic pain. These 
studies illustrate how harmonisation and multimodal data inte-
gration can develop complex phenotypes, reveal common mech-
anisms and shared features across chronic pain conditions. 
These multidimensional, scalable frameworks can enhance 
prediction and understanding of widespread and high-impact 
pain. Together, these recent studies highlight the value of inte-
grating broad-scale genomic insights with detailed phenotyping 
and biopsychosocial models, indicating the need for flexible, lay-
ered frameworks to capture the multifaceted nature of chronic 
pain. They demonstrate that modern approaches to phenotyping 
allow detailed examination even in very large cohorts.

9   |   Conclusions

Epidemiological research has revealed the enormous burden of 
chronic pain, but has also exposed critical methodological lim-
itations, particularly the inconsistency in how pain is defined 
and identified. Prevalence estimates vary widely across studies, 
often due to differences in case definitions, phenotyping ap-
proaches and population characteristics.

Phenotyping is central to pain epidemiology, yet it is frequently 
underappreciated and inconsistently applied. In response to calls 
for harmonisation of phenotyping approaches, we have described 
some approaches and given examples of their success. These ap-
proaches support scalability, reproducibility, meta-analysis and 
cross-cohort comparability, enabling researchers to select pheno-
typing strategies suited to their study design and resources.

As data linkage, machine learning and digital health tools 
advance, future pain research will increasingly rely on such 
standardised and scalable phenotyping approaches. To maxi-
mise the utility of epidemiological data and support progress 
toward personalised pain medicine, the field must move to-
ward consensus. Standardised phenotyping, anchored in ini-
tiatives like NeuroPPIC and informed by frameworks such as 
the pyramid model, will enable replication, accelerate discov-
ery and ultimately improve outcomes for people living with 
chronic pain.
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