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A B S T R A C T

Multi-omics research is developing rapidly, offering extensive sample analysis options and advanced statistical solutions to identify and understand complex net-
works of biomarkers. This review encourages groups in the psychoneuroimmunology field with limited experience in omics research to embrace these advances. 
Cross-sectional studies can leverage existing sample collections to provide unique information that complements longitudinal studies, providing insights into which 
biological systems may warrant further investigation and building fundamental mechanistic knowledge of biological networks. The understanding of immune-brain 
interactions should inform ongoing developments in exploratory, hypothesis-generating research. Disregarding psychoneuroimmunological aspects may have led to 
challenges in some prior biomarker research. Moving forward, a more nuanced perspective on inflammation and psychological comorbidity is needed. The first steps 
in the conceptualization of an explorative cross-sectional omics study are discussed from a pragmatic perspective, highlighting who we choose to study and what we 
choose to measure.

1. Introduction

To expand our knowledge of immune-brain communication, psy-
choneuroimmunology (PNI) scientists should engage in hypothesis- 
generating biomarker studies to a larger degree, despite the apparent 
shortcomings compared to hypothesis-driven research. This can be done 
using different omics, such as genomics, epigenomics, transcriptomics, 
proteomics, and metabolomics. The term multi-omics refers to a 
research approach that investigates several omics data types, where each 
type reveals different aspects of a biological system. It is advanced, 
exploratory biomarker research that maps the biological networks 
involved in health and disease. (Multi)-omics is an essential part of 
personalized/precision medicine, where individual differences are un-
derstood on a molecular level so that medical treatment can be tailored 
to each body. For PNI research, precision health may be a more useful 
term, which includes precision medicine, but also disease prevention 
and health promotion - fields of particular importance for the PNI 
community. (https://www.cdc.gov/genomics/about/precision_med. 
htm; accessed 240216).

The goal is usually to identify a set or network of biomarkers, i.e. a 
biomarker signature (Davis et al., 2020; Gomez-Varela et al., 2019). It 
should be noted that the term biomarker can encompass brain imaging 
data and physiological characteristics as well (Davis et al., 2020), but in 
this review, the term refers to biological sample markers. The terms 
biomarker and biomarker signature are used interchangeably 

throughout the review.
Excellent recent reviews give advice on multi-omics studies (Babu 

and Snyder, 2023; Mengelkoch et al., 2023). These reviews encourage 
longitudinal designs and highlight the many intriguing possibilities such 
studies entail. As these reviews point out, a longitudinal study design is 
superior for biological data with large internal variation, but may be 
time-consuming due to longitudinal sampling, logistically challenging 
with repeated sampling, and costly with the analysis of multiple samples 
for each participant. Well-thought-through, smaller, cross-sectional 
studies with deeply phenotyped cohorts may complement such studies 
(Baskozos, 2023), and are the focus of this review. This review will not 
discuss in detail sampling issues (Ghafouri et al., 2022; Gonzalez-Do-
minguez et al., 2020; Wasserfall et al., 2022), analysis techniques or 
statistical concerns (Babu and Snyder, 2023; Forlin et al., 2023; Geyer 
et al., 2016; Moqri et al., 2024), as this has been done extensively 
elsewhere. Instead, it will discuss how smaller cross-sectional PNI 
studies can complement the ongoing multi-omics development. A 
pragmatic approach is used to focus on the first steps of conceptualiza-
tion of an exploratory biomarker study. The review is written for col-
leagues in the PNI field with interesting samples in the freezer from prior 
studies and assumes a beginner’s perspective on omics. Our collective 
understanding of the body-mind interactions is greatly needed in the 
growing multi-omics field.

E-mail address: bianka.karshikoff@uis.no. 

Contents lists available at ScienceDirect

Brain, Behavior, & Immunity - Health

journal homepage: www.editorialmanager.com/bbih/default.aspx

https://doi.org/10.1016/j.bbih.2024.100904
Received 16 February 2024; Received in revised form 4 November 2024; Accepted 8 November 2024  

Brain, Behavior, & Immunity - Health 42 (2024) 100904 

Available online 9 November 2024 
2666-3546/© 2024 The Author. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by- 
nc-nd/4.0/ ). 

mailto:bianka.karshikoff@uis.no
www.sciencedirect.com/science/journal/26663546
https://www.editorialmanager.com/bbih/default.aspx
https://doi.org/10.1016/j.bbih.2024.100904
https://doi.org/10.1016/j.bbih.2024.100904
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


2. Current trends in the omics field

Multi-omics research has increased explosively, now being part of 
many major funding initiatives (e.g., https://www.nih.gov/news-e-
ven-
ts/news-releases/nih-awards-503-million-multi-omics-research-hu-
man-health-disease; accessed 240216). The calls are highly ambitious, 
requiring consortia and longitudinal data collections that take years. 
The analysis costs for such large, longitudinal multi-omics studies ought 
to be substantial, and hopefully, in return, results will advance our 
knowledge substantially. An inspiring example, representative of cur-
rent trends in the field, is the A2CPS initiative (Berardi et al., 2022), an 
ambitious project that will undoubtedly advance chronic pain research. 
A painful event (surgery) serves as the baseline, and patients are fol-
lowed up to see if they develop post-surgical chronic pain. A wide array 
of risk and resilience factors are assessed, survey and tissue-based, using 
a multi-omics approach to identify novel biomarkers for chronic pain. 
An elegant design aspect of the study is that patients undergoing 
knee-replacement surgery, who often already experience chronic pain 
before surgery, can be compared to patients undergoing thoracic sur-
gery, who usually do not have chronic pain. This way, the development 
from acute to chronic pain can be studied in relation to prior pain. 
However, no matter how many biomarkers are measured in the most 
sophisticated way, this study provides insights into mechanisms pri-
marily related to post-surgical chronic pain within the first three months 
of surgery. The findings may thus not apply to all types of pain or to 
long-term chronification mechanisms. This is not to diminish this sig-
nificant effort but to exemplify how the interpretation of identified 
markers will always be limited by design choices. While initiatives like 
these are essential, they require extensive resources and take years to 
complete. It can be argued that there is a need for smaller, 
cross-sectional studies as well, that perhaps encompass unusual samples, 
such as suitable experimental stimulations or a combination of animal 
and human data that reveal novel mechanisms, networks and pathways. 
They will require less resources and time and can still provide unique 
findings that can inform larger longitudinal studies.

2.1. Technical developments in the omics field

Multi-omics research is developing on several levels at once. Recent 
advances in high-throughput molecular analysis techniques enable 
omics measurements ranging from liquid tissue like blood, to in-
vestigations of certain cells in detail (single-cell analysis), depending on 
the research question. For proteomics, for example, elegant solutions for 
targeted analyses have been developed that enable the simultaneous 
measurement of several thousands of known peptides. They resemble 
traditional antibody-based tests but on a much larger scale, enabled by 
innovative techniques for molecule recognition (Sun et al., 2018, 2023). 
Please see prior reviews for more information on targeted and untar-
geted tissue analysis techniques (Babu and Snyder, 2023; Fu et al., 2023; 
Mengelkoch et al., 2023; Sherrod and McLean, 2016; Vandereyken et al., 
2023). Practically all types of samples can be analyzed - even dried 
blood spots, a very convenient sampling form that can be collected from 
home (Fredolini et al., 2024). To analyze multi-omics datasets, statisti-
cal techniques with machine learning and artificial intelligence com-
ponents are being developed (Mengelkoch et al., 2023; Vahabi and 
Michailidis, 2022). One significant challenge here is integrating 
different data types in the analysis, and several recent reviews have been 
published that discuss this critical issue (Athieniti and Spyrou, 2023; 
Sathyanarayanan et al., 2023; Worheide et al., 2021). The analyses can 
be combined with network analyses that identify biomolecular networks 
that arise from integrated omics data and offer insights into the biolog-
ical mechanisms that underlie biological processes (Forlin et al., 2023). 
Each developmental area is a separate research field that is progressing 
rapidly, which can seem daunting. Although an extensive network of 
laboratory and biostatistical resources is invaluable, a pragmatic 

argument can be made for outsourcing the sample and statistical anal-
ysis, should such resources not be available. Several companies offer 
services for both sample analysis and statistical analysis (Sun et al., 
2018, 2023). Other companies specialize in bioinformatics data analysis 
services (e.g.(Hédou et al., 2024; Yaseen et al., 2023)). Despite the 
impressive advances in the field, it should be acknowledged that there is 
an intrinsic problem between sample size and the number of variables 
measured in omics studies that need to be considered (see also section 
4.2).

3. A PNI perspective on biomarker exploration

Omics studies are thus quite complex due to the various consider-
ations involved and the diverse expertise required. Recent reviews (Babu 
and Snyder, 2023; Mengelkoch et al., 2023; Moqri et al., 2024; 
Sathyanarayanan et al., 2023) may give the impression that this type of 
research is so intricate that it should only be carried out by large labo-
ratories and consortia with abundant resources. This review attempts to 
lower the threshold for exploratory studies for PNI scientists. Labora-
tories with specialized knowledge of certain systems should contribute 
to the field to ensure that we obtain a comprehensive understanding of 
how the body works – including the brain, emotions, and behaviors.

3.1. Multi-omics for PNI-researchers

Many PNI scientists who study interactions between psychological 
processes and immune function by focusing on cytokines may benefit 
from incorporating a multi-omics approach to their research. The cur-
rent approach of PNI researchers provides a vital complement to that of 
many immunological and medical researchers, by ensuring that under-
standing somatic aspects does not come at the expense of understanding 
psychological aspects. There are limitations to focusing on cytokines and 
even networks of cytokines (Åström Reitan et al., 2024). It is well known 
that immune system activation interacts with multiple systems outside 
the immune system (e.g. (Chi, 2022; Haykin and Rolls, 2021),), and 
understanding these interactions cytokine by cytokine, or even within a 
network of cytokines, is limiting. This approach is unable to reveal 
critical regulatory functions or unexpected consequences of cytokine 
activation by focusing on a limited number of markers. Combining 
several layers of data can instead indicate which systems “move 
together” and which novel molecules should be investigated further in a 
structured manner.

Given the complexity of the human body, research findings are, to a 
large extent, hypothesis-generating even for the most ambitious omics 
studies at this point in scientific development (Forlin et al., 2023; Klein 
et al., 2023; Tebani et al., 2020). There will always be more potential 
markers to be studied until we can measure them all. There are, for 
example, still relatively limited possibilities to study tissue biomarkers 
in the human central nervous system. Moreover, interpreting the func-
tions of identified biomarker signatures relies on prior knowledge of the 
molecules and available reference databases. Smaller exploratory 
studies can provide insights into which biological systems and tissues 
may warrant further investigation, and studies with experimental 
components may build fundamental mechanistic knowledge that is 
helpful in the understanding of biomarker function. This task should be 
embraced by the PNI community to ensure that our unique under-
standing of the body and mind is considered in future omics studies. 
Below are some aspects to consider when trying to understand 
immune-brain-mechanisms using omics. The examples mainly depart 
from chronic pain research, but the principles are transferable to other 
complex disorders.

3.2. A nuanced understanding of inflammation

The term inflammation is often used in an unnuanced manner. While 
inflammation is usually viewed negatively due to its association with 
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various chronic disorders, inflammation can be beneficial for recovery in 
certain contexts or phases of disease (Parisien et al., 2022). Recent 
proteomics studies exemplify this complexity well. In a series of studies 
using a panel of inflammatory markers, several cerebrospinal fluid (CSF) 
inflammatory markers were identified that are invertedly related to pain 
severity in chronic back pain disorders (Palada et al., 2020). This sug-
gests that some inflammatory cytokines may, in fact, be part of recovery 
processes. Other CSF inflammatory markers showed a U-shaped rela-
tionship with pain severity (Rosenstrom et al., 2024). This finding sig-
nifies the importance of precision health, where several individual 
differences related to health are considered simultaneously and in 
interaction. In this example, high and low cytokine levels mean different 
things in terms of pain symptoms in different people, perhaps due to the 
progression of pain (see section 3.3) or other individual differences in 
symptomology (see section 3.4). Furthermore, while systemic inflam-
mation has been identified in most pain states (Åström Reitan et al., 
2024), this study shows a hypoinflammatory state in chronic pain for 
some blood markers (Rosenstrom et al., 2024). While these findings 
need corroboration, it is hard to see how such insight could be reached 
efficiently using only a few markers and hypothesis-driven approaches.

Furthermore, inflammation and immunoreactivity are sometimes 
used interchangeably, overlooking their distinct significance (Koop 
et al., 2021). Ongoing inflammation (assessed by inflammatory markers 
in the blood) represents the current state of immune activity, while in-
flammatory reactivity (stimulated blood measures) represents the innate 
capacity of the immune system to respond to challenges. Inflammation 
can be viewed as a state-like aspect of immune function because it re-
flects the immune system’s current activity, while inflammatory reac-
tivity can be seen as a trait-like aspect of immune function, as it 
represents a characteristic or inherent capability of an individual’s im-
mune system to respond to adversity (Benson and Karshikoff, 2023). 
Understanding both aspects is crucial in studying immune function and 
its role in health and disease. Recent pain studies suggest that immu-
noreactivity, assessed by in vitro LPS stimulations of white blood cells, is 
a better predictor of pain progression than blood cytokine levels 
(Generaal et al., 2014; Schrepf et al., 2016, 2023). Fortunately, many 
PNI studies use stimulated blood in vivo or ex vivo (Benson et al., 2023; 
Karshikoff et al., 2016; Mansson et al., 2022). Using such samples for 
exploratory analysis could give important insights into the immune 
systems’ regulatory capacities under pressure.

3.3. What, where and when

The effect of a signaling molecule depends on where and when it is 
secreted. Understanding the compartmentalization and timing of bio-
markers is crucial for interpreting their significance in different con-
texts. Some markers will act locally in a defined body compartment, 
while some will be transported through the bloodstream and act sys-
temically. Some markers may have distal effects via a secondary system, 
like nerves or migrating immune cells, highlighting the interconnec-
tedness of the immune system and other physiological systems (Bower 
and Kuhlman, 2023). Finally, some markers may just “spill out” of their 
compartment when a system is unbalanced or disrupted (Dalmau Gasull 
et al., 2024). Therefore, not only the biological function of a biomarker 
should be considered, but also localization and disease/life progression 
(i.e. biological timing) (Karshikoff et al., 2019). Precision health 
development would benefit from a more nuanced approach to 
biomarker exploration, that takes timing, compartmentalization, and 
upstream and downstream events into account. For example, a recent 
study explores the compartmental and temporal dynamics of bacteria in 
the body in health and during infections, following individuals over a 
6-year period (Zhou et al., 2024). The bacterial composition varies 
among individuals and body sites and changes during infections. Some 
types of bacteria interact more with cytokines than others depending on 
the body site, and interestingly, the interaction is affected by insulin 
resistance. It would be interesting to investigate if these individual yet 

relatively stable interactions affect subjectively perceived symptoms 
during sickness (Lasselin et al., 2018, 2020).

3.4. Considering the body-mind-connection

Fundamental to PNI research is the perspective that there are no 
clear-cut boundaries between the peripheral body, the central nervous 
system, and the mind (Martucci et al., 2023) and that intercommuni-
cation is bidirectional (Pariante, 2015). This perspective is the key to 
omics exploration for complex disorders, i.e., often chronic conditions 
characterized by multifactorial etiology involving interactions between 
biological, environmental, and lifestyle factors. Chronic pain is a good 
example of a complex disorder. Many aspects of chronic pain are 
transdiagnostic; individuals with chronic pain commonly experience 
comorbidities such as anxiety, depression, fatigue and disturbed sleep, 
and biopsychosocial aspects influence the pain development and pro-
gression (Mogil, 2020, 2021). When exploring biomarkers for a pain 
diagnosis, studies often compare the patient group with healthy con-
trols, assuming they study the disorder that way. What they are, in fact, 
studying is the disorder plus every comorbidity that comes with the 
disorder, along with potential physical inactivity and social stressors 
that may result from long-term diseases. The markers will reflect vari-
ations in sampling and analysis solutions, individual differences, but 
also transdiagnostic mechanisms and complaints, and variations related 
to disease progression. A PNI scientist could thus question if an identi-
fied biomarker signature for a pain diagnosis identified using a healthy 
control group as the comparison is a marker for that pain syndrome, or 
partly a marker for the psychological comorbidity experienced by in-
dividuals with this diagnosis, or behavioral adaptions to chronic illness. 
Recent studies suggest that distinct biomarker signatures may be related 
to different aspects of pain, such as pain sensitivity, pain intensity, or 
clinical pain features (Gerdle et al., 2020; Wahlen et al., 2018, 2020). 
Other biomarker signatures seem to relate to generalizable psychologi-
cal features of chronic pain (Karshikoff et al., 2023; Wahlen et al., 2018). 
To complicate the issue further, studies suggest unique inflammatory 
characteristics for patients experiencing a combination of pain and 
mood disturbances (Benson and Karshikoff, 2023), suggesting a 
double-hit situation. Depressed patients with pain comorbidity had 
higher IL-6 and granulocyte-macrophage colony-stimulating factor 
levels than pain-free depressed patients (Zhou et al., 2021), and in-
dividuals experiencing negative effects combined with pain had higher 
blood CRP levels than those reporting only one of the symptoms 
(Graham-Engeland et al., 2022). The study design needs to take such 
aspects into account, for example, by carefully choosing relevant control 
groups and case-control matching.

3.5. The meaning of a biomarker

The goal of multi-omics studies is to identify novel biomarkers, but 
understanding what the biomarkers signify is equally important. In 
biomarker research, a challenging issue is that of specificity, and careful 
consideration should be taken during study design regarding what the 
biomarker should signify. Some recent pain studies can be mentioned as 
examples. Endometriosis is a disorder that often leads to pelvic pain and 
is currently often diagnosed by surgery. Several attempts have been 
made in the last few years to identify diagnostic biomarkers, as the mean 
time to diagnosis is 8 years (Ghai et al., 2020), but they have yet to be 
successful (Burghaus et al., 2024). Most studies have investigated a 
hypothesis-driven limited set of markers. CA-125, for example, has been 
reported as a single marker that can discriminate endometriosis from 
healthy women (Goulielmos et al., 2020). The problem is that several 
other studies have also recommended it as a biomarker of prevalent 
cervical, endometrial, and ovarian cancer – the very groups that may 
require distinction from endometriosis patients (Samare-Najaf et al., 
2023). A comparison between these patient groups and endometriosis 
patients, rather than healthy controls, would perhaps be more beneficial 
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for a diagnostic biomarker. Also, an omics approach could indicate new 
candidate biomarkers. Similarly, pain studies using the Olink Inflam-
mation panel (https://olink.com/products-services/target/in-
flammation/; accessed 240216) often report higher blood levels of 
AXIN1, ST1A1, and SIRT2 in the clinical group, and different studies 
claim it as a marker for the particular condition studied (Karshikoff 
et al., 2023). The findings could, in fact, just be some methodological 
aspect of this particular analysis plate, but it could also signify common 
mechanisms that have not been considered; this remains to be deter-
mined. A marker present in many disorders may seem useless, but it can 
carry essential information, as for the commonly studied markers IL-6 
and CRP in PNI research. IL-6 and CRP have been found to be 
elevated in a wide range of health conditions (Del Giudice and Gang-
estad, 2018). Such unspecific markers provide valuable information 
about the presence and magnitude of inflammation in the body and its 
role in various physiological processes, aiding in diagnosis, prognosis, 
and understanding of disease mechanisms. However, IL-6 and CRP are 
not ideal targets for pharmacological interventions due to their pleio-
tropic effects and potential for severe side effects (Del Giudice and 
Gangestad, 2018). We need specific markers for precision health that 
can be targeted in treatment, preferably upstream of an activation 
cascade to minimize side effects, as well as mechanistic biomarkers. 
Exploratory omics studies can accelerate our knowledge of trans-
diagnostic mechanisms and specific treatment targets.

4. Some aspects to consider in a cross-sectional study design

The COVID-19 pandemic brought about unique cohorts that have 
been used elegantly to teach us more about immunology (Klein et al., 
2023). In a recent cross-sectional study, 5 different cohorts were 
examined to understand what the immune system does to recover fully 
after a SARS-CoV-2 infection versus developing long COVID. Unvacci-
nated previously infected individuals, vaccinated individuals who were 
previously infected or not, and individuals who developed long-covid or 
not, were compared. Every subject with long COVID was explicitly 
matched to a control subject to account for demographic variations 
between groups that may have an impact on the immunological 
phenotype. The findings point to broad shifts in several parts of the 
immune system that are involved in long COVID, as well as differences 
in hormonal and cortisol levels. Most importantly, several of the findings 
are relevant to other post-viral disorders (Rodriguez and Brodin, 2024). 
Infections present a clear delineation between before and after the 
incident, making it easier to study the progression and effects of the 
infection. Furthermore, the mechanisms are known to be primarily 
immunological. In contrast, for complex chronic disorders, symptoms 
can accumulate gradually. The bodily systems involved interact, change 
and adapt over time (Hashmi et al., 2013; Karshikoff et al., 2019; Liston 
et al., 2016). Underlying mechanisms may be multifaceted and poorly 
understood. This complicates biomarker identification. By leveraging 
existing sample collections and investigating a wide range of factors and 
pathways without predefined hypotheses, we can take on the challenge 
within the PNI community.

Most importantly, while the biomarker analysis will be exploratory, 
the study design should be based on prior knowledge and hypotheses. 
Here are some suggestions for the first steps in the conceptualization of 
an explorative cross-sectional omics study.

4.1. Defining the purpose of the biomarker

Defining the purpose of the intended biomarker (signature) may help 
guide further design decisions. The Food and Drug Administration’s 
Biomarkers, Endpoints and other Tools (BEST) (https://www.ncbi.nlm. 
nih.gov/books/NBK326791/; accessed 240216) resource is a good start 
for determining the purpose of the biomarker sought after. Susceptibili-
ty/risk biomarkers indicate a predisposition for developing future dis-
ease. Prognostic biomarkers indicate risk for disease recurrence or 

progression, while predictive biomarkers indicate whether a person will 
respond to a treatment (see also https://www.ncbi.nlm.nih.gov/-
books/NBK402284/). Monitoring biomarkers indicate the status of the 
disease, while response biomarkers indicate the biological activity of an 
experimental agent without necessarily drawing conclusions about ef-
ficacy or disease outcome.

4.2. Sample selection

The key for explorative studies is sharing, reusing, and thinking 
outside the box, but some basic aspects need to be fulfilled for sample 
sharing and comparison. Comparing stored clinical/human samples re-
quires similar sampling procedures and instructions for the participants 
regarding food intake, sleep, etc. Samples must also have been processed 
similarly. Freeze-thaw cycles need to be considered, should parts of the 
samples have been analyzed already, and storage time due to possible 
degradation. The same type of tissue/compartment, analyzed with the 
same analytical platform controlled for batch differences, can be 
compared, but not across tissues or platforms. An inspiring initiative 
based on a proteomics platform is the CORAL Consortium (https://olink. 
com/community/coral; accessed 240727), where scientists studying 
neurogenerative disorders can work together, as their samples are 
handled and analyzed similarly and are, therefore, comparable. Do not 
use too few samples. Different omics sample size calculators are available 
online and are offered by some analysis companies; see also 
(Mengelkoch et al., 2023). Sample sizes in published studies vary 
greatly, ranging from optimistic to impressive, and it is crucial to be 
aware of the drawbacks of a smaller sample size. However, adding 
samples not as specific as required to increase power may give less 
interpretable results.

Consider what characteristics the control group(s) require(s). Con-
founders may not be managed readily due to the challenges involved in 
the statistical analysis for omics data and should be accounted for in the 
study design as far as possible. For pain, a relevant control could be a 
disorder that is similar in comorbidities and lifestyle effects but does not 
hurt. For neurodegenerative disorders, where patients often experience 
comorbid pain and depression, a selected pain group with depression 
could be a control group of interest. Furthermore, scientists tend to focus 
on patient groups that have the most severe symptoms, as they are the 
ones in most need of effective treatments. However, if we are to un-
derstand how to heal a body, we may want to focus more on groups who 
have recovered or who have gone into remission. Investigating relative 
health (recovery, remission, coping, etc.) may say more about the dis-
ease mechanism than comparing ill-health with the complete absence of 
adversity. Finally, identify validation cohorts where the new discoveries 
can be confirmed (Moqri et al., 2024). As with most human science, 
populations across the world are not studied equally, and this is a sig-
nificant problem in the developing omics field. Findings from a ho-
mogenous group or certain parts of the world will not represent the 
whole of humanity. Validating prior findings in other populations is 
essential in future research, and varied populations are encouraged 
during sample selection (Caetano-Silva et al., 2022).

4.3. Biomarker selection

The selection of the omic(s) to investigate should be guided by the 
events occurring within the studied bodily compartment, upstream and 
downstream processes related to the biological mechanisms of interest, 
and the regulatory circuits involved. As discussed, there is a multitude of 
analysis techniques on all biological levels, and some choices may have 
to be pragmatic, limited by the type of sample available, and the budget. 
Some analysis techniques may require fresh samples. Cell-based ana-
lyses may require larger sample volumes than blood-based analyses. If 
the goal is to use animal samples to help confirm results (Gomez-Varela 
et al., 2019), finding corresponding animal analysis options may be a 
limitation. Antibody-based analyses and corresponding techniques 
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measure predefined targets, and a set of markers needs to be chosen 
from various options available for the chosen platform. If possible, 
combine markers or pathways previously investigated with markers that 
have not yet been explored but make sense biologically. Some platforms 
do not measure absolute but relative concentrations, and this is usually 
not a problem in exploratory studies. If the study group needs to be 
categorized in, for example, low or high inflammation individuals, a 
CRP test can be added as an anchor to established reference levels. 
Starting with a broader analysis and transitioning to a smaller set of 
markers for validation might be advisable. The key consideration may 
not be the number of markers chosen—5000, 500, or 50—but rather the 
novelty, biological relevance, and integration with other informative 
data types of those markers. Once these aspects are considered, moving 
forward in collaborative biostatistical networks or with specialized 
analysis companies may be more feasible.

4.4. Analyzing the data

Multi-omics research requires collaboration to ensure expertise in 
several fields. As previously stated, collaborating with an experienced 
laboratory is the optimal solution. However, if this is not an option, 
experienced analysis companies can provide valuable support for omics 
novices. They may know which markers tend to be significant in most 
studies and are thus markers of ill-health rather than the studied dis-
order. They can help address methodological issues and should have 
expertise in analyzing different types of data sets (Athieniti and Spyrou, 
2023; Sathyanarayanan et al., 2023; Worheide et al., 2021). Be mindful 
and inquisitive of the scientific experience of the company representa-
tives. Some companies offer statistical services because customers ask 
for them, but their statistical expertise may not match their techni-
cal/laboratory expertise. Having a biostatistician join an initial meeting 
to gauge the company’s statistical competence may be helpful for an 
inexperienced group. Define the statistical analysis plan in detail and 
what type of output the company should provide. Understanding the 
data, making correct interpretations and drawing reasonable conclu-
sions is ultimately the responsibility of the research group.

5. Conclusion

Advances in high-throughput molecular analysis techniques and 
advanced statistical models make hypothesis-generating biomarker 
studies more feasible, but the exploratory approach requires specific 
considerations. Cross-sectional omics studies can complement longitu-
dinal multi-omics studies in building mechanistic understanding. The 
PNI perspective presents essential insights into the understanding of 
health and disease that need to be integrated into the current biomarker 
exploration, especially for complex disorders. When considering if those 
precious samples in the freezer could be used for exploratory analyses, 
PNI laboratories with modest experience in omics studies can signifi-
cantly contribute to the growing and intriguing work of understanding 
biological networks involved in health and disease by taking the steps 
outlined in this review. They need to consider what the biomarkers of 
choice signify, how confounders, comorbidities and sampling may affect 
a biomarker signature, and appropriate analytical approaches. The work 
cannot be done without consulting expertise and careful risk consider-
ations. On the other hand, we cannot understand human health and 
disease without the knowledge of the PNI community.
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