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ABSTRACT 

Breastfeeding and human milk consumption are associated with immune system development; 

however, the impact of different infant feeding practices on this relationship is unclear. This 

research aimed to understand how current human milk feeding (HMF) status is related to 

immune activity, and how history of HMF (HMF duration, exclusivity, and method - directly 

from the breast, or pumped and bottled) is related to immune development, in one-year-old 

infants.  

This study investigated a subset of 605 one-year-old infants from the CHILD Cohort Study, a 

cohort study that recruited pregnant women from four Canadian provinces. Infant feeding was 

captured from hospital birth records and parent questionnaires. Ninety-two biomarkers reflecting 

immune system activity and development were measured in infant serum using the Olink Target 

96 Inflammation panel. Associations were determined using multivariable regression (adjusted 

for sex, time until blood sample centrifugation, and participant study site), with adjustment for 

multiple comparisons.  

Nearly half (44%) of infants were still breastfeeding at the time of blood sampling (12.6 ± 1.4 

months). Compared to infants who were never breastfed or had stopped breastfeeding, those who 

were still breastfeeding had higher levels of serum Fibroblast Growth Factor 21 (FGF-21, 

adjusted standardized β-coefficient=0.56, 95%CI=0.41-0.72), Cluster of Differentiation 244 

(CD244, β=0.35, 0.19-0.50), Chemokine Ligand 6 (CXCL6, β=0.34, 0.18-0.50), and Chemokine 

Ligand 20 (CCL20, β=0.26 ,0.09-0.42), and lower levels of extracellular newly identified 

receptor for advanced glycation end-products binding protein (EN-RAGE, β=-0.16, -0.29- -

0.03). Among infants not currently HMF, total HMF duration had a marginal positive association 
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with IL-7 serum levels (adjusted standardized β-coefficient =0.05, 0.02- 0.08). Exclusive HMF 

duration and HMF method (at three months of age) were not associated with any biomarkers in 

adjusted models.  

Current HMF status, more so than prior infant feeding practices, is associated with changes in 

inflammation-associated biomarker profiles at one year of age. In addition to informing new 

hypotheses about the impact of breastfeeding on immune development and activity, these results 

highlight the importance of including current HMF status in immune-system-focused infant 

serum proteomic studies.  
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Chapter I: Introduction and Literature Review 

Portions of this chapter have been adapted from Ames et al., 2023 - Comparing early life 

nutritional sources and human milk feeding practices: personalized and dynamic nutrition 

supports infant gut microbiome development and immune system maturation.1 Including this 

published article is permitted in accordance with Taylor & Francis copyright guidelines.2 

1.1. Immune system development is influenced by non-heritable exposures in early life 

 Immune system components (e.g. immune cells, epithelial barriers, mucosal site structures) 

are immature, or differentially adapted, at birth.3,4 Compared to adults, neonatal neutrophils, 

monocytes, and dendritic cells have reduced functional capacity to prevent and clear pathogenic 

infections.5–7 Activated and functional T and B cells are detected around 12 weeks after birth, but 

at this stage they are more likely to induce antigen tolerance rather than clearing the antigen from 

the infant system.8–10 Unlike their immunologically mature counterparts, neonatal T helper cell 

responses are biased towards a Th2, or anti-inflammatory, phenotype. This Th2 bias reduces risk 

of a damaging inflammatory response and explains the reduced antigen responsiveness, but 

increased susceptibility to infection and allergic reaction, observed in neonates, compared to 

adults.11,12 The transition from Th2 to pro-inflammatory Th1 phenotype bias has not been well 

described; however, this transition is thought to provide an infant with more antigen-clearance 

ability and occurs with maturation of immune cells.11 Furthermore, intestinal barriers have 

increased permeability for up to six months postnatally, allowing ingested macromolecules, 

including immunoglobulins (Igs), to translocate across the immature intestinal epithelium.4,13 In 

parallel, the infant microbiome rapidly matures in the first few weeks and months of life. Gut 

microbiota play a key role in shaping the immune system by protecting the infant from harmful 
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pathogens, facilitating mucosal immune site structure (e.g. epithelial cells, immune cells) 

stimulation, and inducing antigen tolerance.14   

In 1989, Strachan proposed that increased microbial exposure in early life (via 

unhygienic contact with older siblings) may protect children from developing immune 

hypersensitivities later in life.15 This ‘hygiene hypothesis’ formed the basis for studying the 

influence of non-heritable factors, such as environmental microbiota exposures, environmental 

antigen exposures (e.g. pollutants, pets), infections, vaccine administration, and oral or ingested 

exposures (e.g. antibiotics, nutritional source) on the maturation of the gut microbiome and 

infant immune system toward the composition and capabilities of a healthy adult.16–18  

Generally, environmental exposures are thought to influence immune system 

development by modulating the infant microbiome,1,19 inducing immune system structure-

associated epigenetic modifications,19 or stimulating immune system structures (e.g. receptors, 

cells, epithelial barriers) directly.20 For example, air pollution exposure has been shown to alter 

the airway microbiome – a process with consequences for short-chain fatty acid (SCFA) 

production and downstream antigen-induced pro-inflammatory responses in the lung.21 Air 

pollutants (e.g. particulate matter, ozone) have also been shown to change dendritic cell, innate 

lymphoid cell, and T cell gene expression by perturbing epigenetic enzyme activity and 

expression.21 Furthermore, airway pollutants can provoke pro-inflammatory responses, enhance 

Th2 and Th17 differentiation and proliferation,22 and stimulate allergic airway inflammation 

associated toll-like receptor 2 and 4 signaling.21 Furry pets and older siblings are factors 

associated with increased infant gut microbiome diversity and antigen (e.g. secretoglobins, 

lipocalins)23 exposure in early life.24 Neonatal T cells are more tolerogenic than their adult 
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counterparts; therefore, are thought to establish a tolerant, rather than a pathogenic and 

inflammatory, immune response to harmless microbes and antigens.25,26 Similarly, infection 

incidence, vaccine administration, and other methods of antigen or microbial exposure (e.g. 

daycare, food) in infancy stimulate an immune response and the generation of a memory immune 

cell repertoire (e.g. memory Tregs, memory effector cells) that can dictate the type of immune 

response (e.g. tolerant or pathogenic) upon antigen re-exposure.26,27  

Early life nutrition (e.g. human milk, formula) has also been shown to regulate gut 

microbiome maturation and introduce food antigens to an infant.1 The timing of introduction to 

allergenic foods is also important: for example, early introduction of peanuts to infants at risk of 

peanut allergy has been shown to decrease the frequency of peanut allergy, suggesting that 

introduction of non-microbial antigens in early life has consequences for health outcomes.28 

Further associations of early life nutrition and immune system development will be discussed in 

section 1.2. 

The perturbation or lack of early life microbial exposure also has consequences for 

immune system development. Germ-free animals models have many immune system associated 

physiological differences – including differences in intestinal epithelial cell morphology, and 

spleen, thymus, lymph node, and gut-associate lymphoid structure development - compared to 

animal models with conventional commensal microbe exposures.29 Furthermore, early-life 

antibiotic induced gut microbiome dysbiosis has been associated with increased allergen-driven 

Th2/Th17 immune pathway activities29 and increased risk of developing asthma and allergic 

disease in childhood.30  
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Overall, non-heritable factors may influence gut microbiome and immune system 

development, as well as contribute to the variation in immune system composition and functions 

observed among humans throughout life.31 This section introduces evidence that briefly 

highlights some known associations between environmental exposures and immunity; however, 

the influence of non-heritable factors may change depending on developmental stage and there 

remains a need to determine the full extent to which non-heritable factors influence early life 

immune system development. Understanding how non-heritable factors influence immune 

system activities and development can help us i) avoid negative health trajectories induced by 

non-heritable factors or mitigate the impact of these exposures, and ii) understand how to 

provide infants with the best start to life. This study sought to further our understanding of the 

relationship between early life nutrition and immune system development and activity. 

1.2. Human breast milk supports healthy infant growth and immune system development 

Infant nutritional source has been shown to influence immune system activities and 

development, as reviewed below.32 Common forms of early life nutrition include human milk 

(HM), donor HM, and formula. HM satisfies infant nutritional requirements (except vitamin K 

and D) and contains protective and immunomodulatory components (e.g. immune cells, 

immunoglobulins, cytokines, chemokines, prebiotic oligosaccharides) that adapt dynamically to 

infant needs.10 Furthermore, human milk feeding (HMF) has been associated with protecting 

against respiratory and gastrointestinal tract infections, developing overweight/obesity, diabetes, 

allergy, and inflammatory bowel disease (IBD).1  

Immunomodulatory components within HM are thought to support and assist immune 

system structure (e.g. immune cells, mucosal immune site components) development. 
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Additionally, HM provides substrates that select for beneficial ingested microbiota to colonize 

the gut.1 This section introduces HM components that have been associated with supporting 

immune system activities or development. The dynamic changes in HM composition that occur 

throughout lactation and in response to infant infection are also discussed.   

Immune cells (i.e. leukocytes) within HM include lymphocytes (T and B cells), 

monocytes, macrophages, neutrophils, and innate lymphoid cells.1 The buffering capacity of HM 

allows these cells to survive within the infant gut.33 Furthermore, immune cells can infiltrate the 

permeable neonatal intestinal barrier, allowing them to become activated and motile in the 

infant.34 HM supplied cytotoxic T cells and plasma B cells have been shown to elicit cytotoxic 

effects and secrete IgG in infants, respectively, which may compensate for the decreased activity 

of immature immune cells in infancy.35,36 HM macrophages are phagocytic, secrete cytolytic and 

inflammatory mediators, and express activation markers (e.g. CD11c) in infants.37 HM plasma B 

cells produce immunoglobulins, which in turn have roles in blocking pathogenic infection, 

regulating gut inflammation, and promoting antigen tolerance.38,39 These associations identify 

roles for HM provided immune cells in influencing the development of immune system 

components; however, further research is required to determine the extent to which ingested HM 

components permeate the intestinal barrier and contribute to the activities and development of 

the infant immune system.1 

Signaling proteins and bioactive enzymes within HM include cytokines, chemokines, 

growth factors, receptors, and other immune system associated biomolecules. This includes 

fibroblast growth factor 21 (FGF-21), chemokine ligand 20 (CCL20), chemokine ligand 6 

(CXCL6), cluster of differentiation 244 (CD244), transforming growth factor-ß1 (TGF-ß1), 

TGF-ß2, interleukins IL-10, IL-6, IL-7, IL-1ß, insulin-like growth factor-1 (IGF-1), tumor 
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necrosis factor-α (TNF-α), and granulocyte colony-stimulating factor (GCSF).10,40  These 

signaling proteins can act locally in the intestine by binding cell surface receptors, or 

systemically by permeating the intestinal barrier.40 

HM signaling proteins are associated with the development of the intestinal environment, 

gut microbiome, and overall immune system. For instance, HM proteins can induce the 

differentiation of naïve T cells to antigen-specific Tregs that help maintain intestinal 

homeostasis, induce tolerance, and regulate inflammation (i.e. TGF-ß, IL-10, IL-6, and IL-

1ß).41,42 HM proteins have also been associated with neonatal gut microbial colonization and 

composition (TGF-ß1, TGF-ß2),43,44 the inhibition of pro-inflammatory cytokine production in 

intestinal epithelia (TGF-ß1),43,44 and intestinal epithelial cell repair and development (TGF-ß1, 

GCSF, IGF-1).43–45  

 TNF-α is an inflammatory cytokine normally produced by macrophages/monocytes during 

acute inflammation and plays a role in immune cell activation, migration, and proliferation.46,47 

Interestingly, TNF-α levels in HM fed directly from the breast increase when the feeding infant 

is mounting an immune response to an infection – a dynamic function that is not possible in 

donor HM or formula, and is likely disrupted in pumped and bottled (expressed) HM.46 

HM is the main source of lactoferrin in HM-fed neonates.48 This antimicrobial enzyme 

contributes to selective infant gut colonization and can prevent pathogenic intestinal bacterial 

growth by i) chelating iron with a high affinity, and ii) altering gram-negative bacterial outer 

membranes.49,50 Low lactoferrin levels in early life may increase infant susceptibility to aberrant 

gut microbiome development, sepsis, necrotizing enterocolitis and enteric infections, as well as 

diabetes and obesity in later life.48,50 
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 Immunoglobulins (Igs) - including IgA, soluble IgA [SIgA], IgG, IgM, IgE, and IgD – are 

present in HM, where they resist infant digestion and maintain function in infants.51 These 

functions are especially critical during the early neonatal period because Ig-containing and 

producing host cells are not present at birth; appearing between 10 days to eight weeks of age 

depending on Ig isotype.52,53 Igs transferred in milk can support innate immunity by conferring 

the same function as host-made Igs (i.e. providing ‘passive’ immunity) and by indirectly 

influencing gut microbiome development, as described below.39  

 SIgA is the most abundant Ig in HM and is capable of binding to antigens present on 

toxins, viruses, and both commensal and pathogenic microbes.39,54 SIgA-microbe interactions 

contribute to ‘beneficial’ early life microbe (e.g. bifidobacteria, lactobacilli) colonization and 

maintenance within the infant gut.54,55 SIgA-microbe interactions are also associated with the 

prevention of both commensal and pathogenic gut microbe translocation across the mucosal 

epithelium.39  

Furthermore, HM IgG and IgA have been shown to dampen mucosal T helper cell 

responses in mice, limiting adaptive immune responses to commensal antigens.56 Verhasselt et 

al.57 have also proposed that HM IgG-antigen immune complexes can transfer across intestinal 

barriers and mediate inflammatory responses by promoting the formation of infant Tregs. HM 

Ig-associated microbiota exclusion and immune system regulation promotes intestinal 

homeostasis and helps prevent excessive immune stimulation as the infant gut is colonized by 

microbes.39 

 Microbes are present in HM. HM shares taxa (e.g. bifidobacteria) with microbes known to 

populate the infant gut in early life, suggesting HM microbes may contribute to infant gut 
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microbiome colonization.58–60 Expressed HM has a different microbial profile than HM fed 

directly from the breast, suggesting the method of HMF (directly at the breast vs. pumped and 

bottled) is a key factor influencing HM microbiota composition, presumably due to the 

contribution of exogenous bacteria (e.g. from the infant oral cavity and/or pumping 

equipment).61,62 Relatively little is known about the relationship of HMF method, breast pump 

cleaning practices, and milk storage conditions with infant immune system development.63,64 

Prebiotic oligosaccharides are compounds that are fermented by beneficial microbiota 

and stimulate their growth. HM oligosaccharides, the third most abundant component of HM, 

serve as prebiotics to infant gut microbes including bifidobacteria and other select taxa. HM 

oligosaccharides can act as soluble decoy receptors that bind to pathogenic bacteria and reduce 

infection risk. Human milk oligosaccharides can also impact intestinal epithelial cell surface 

glycan expression, lymphocyte maturation, and selectin-mediated cell-cell interactions that may 

reduce gut mucosa leukocyte infiltration and activation.65 

 Fatty acid (FA) bound triacylglycerols make up fat globules in HM. Mature HM FA 

content consists of <1% short-chain FAs, ~12% medium-chain FAs, ~82% long-chain FAs, and 

~1% “essential” polyunsaturated long-chain FAs that must be acquired from an individual’s 

diet.66,67 HM FAs serve as a major energy source for the infant and contribute to essential 

neurological and immune system development, as well as gut microbiota colonization in early 

life.68,69 

 FAs are antimicrobial – their amphiphilic properties allow them to disrupt or remodel 

microbial cell membranes by acting as a detergent and solubilizing cell membrane materials, or 

by inserting themselves into microbial cell membranes.67,70 These mechanisms lead to the 

inhibition of microbial growth, observed in vitro when microbial taxa such as Lactobacillus, 
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Bifidobacterium, Escherichia, and Clostridium are cultured with medium-chain or long-chain 

polyunsaturated FAs.69,71,72 This evidence suggests that HM-derived long and medium-chain FAs 

may contribute to the regulation of microbial growth in the infant gut.67  

 HM FAs have been associated with infant immune function. Essential polyunsaturated 

long-chain FAs present in HM, including arachidonic acid and docosahexaenoic acid, induce 

anti-inflammatory cytokine expression and Treg activation.1,73 In addition, short-chain FAs in 

HM can serve as energy sources for epithelial cells and stimulate lamina propria Treg 

proliferation and anti-inflammatory cytokine expression.74 

 Postbiotics are non-viable microbes (intact or broken) and/or microbial components (e.g.  

cell wall fragments, microbial cell fractions, short-chain fatty acids, enzymes, vitamins) that 

confer a health benefit on the host.75,76 Postbiotics are present in HM and have some similar 

functions to probiotics; for example, they can adhere to the gut mucosa, bind to cell receptors, 

transduce receptor signals, and exclude pathogens from colonizing the gut microbiome.77 

However, they do not actively metabolize prebiotic substrates.77 In gnotobiotic mice, 

Bifidobacterium breve postbiotics have been shown to suppress pro-inflammatory cytokine 

production in the spleen, although live strains had greater impact on the regulation of intestinal 

metabolism.78 Mice receiving infant formula supplemented with postbiotics derived from 

Bifidobacterium breve and Streptococcus thermophilus show prolonged dendritic cell survival 

and maturation, improved epithelial barrier function, and increased anti-inflammatory cytokine 

(i.e. IL-10) production.75 Additionally, metabolic products released by Lactobacillus paracasei 

fermentation, when added to formula, have been shown to inhibit immune cell inflammation and 

can protect against colitis in mice.75,79 Further research is needed to determine if similar 

postbiotic effects are seen in humans.  
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HM contains over 1400 unique epigenetic associated MicroRNAs (miRNAs). These 

non-coding RNA sequences bind to specific complementary sequences and induce translational 

repression, as well as mRNA deadenylation and decapping.80 The expression of over 4000 CpG 

sites, including sites associated with Treg and granulocyte proliferation, have been associated 

with HM miRNAs.1 HM miRNA-induced gene expression silencing may be associated with 

differential infant immune system development; however, this has not yet been studied 

comprehensively. 

HM has been shown to adapt to the immunological needs of the infant. For example, 

macrophage and TNF-α levels within HM have been shown to increase when nursing infants are 

mounting an immune response against an infection, even when the lactating parent is 

asymptomatic.46 Riskin et al. hypothesize that this dynamic ability is facilitated by a bi-

directional exchange of immune factors that occurs through direct suckling at the breast.46 

Expressed HM does not appear to adapt in this manner, presumably because it is collected 

without direct infant contact and/or due to storage practices that may change its bioactive 

profile.46,81 Furthermore, HM composition changes that occur as milk matures over lactation are 

thought to accommodate infant immunological needs at different developmental stages.1 

Existing HM immunomodulatory research has generally focused on elucidating i) 

associations between HMF and infant health outcomes, and ii) the potential contribution of 

individual HM components to immunity. Research investigating the role of individual HM 

components in immunity often use animal models or in vitro methods; therefore, there remains a 

need to investigate the contributions of HM immunomodulatory components in human infant 

immunity. Furthermore, HM immunomodulatory research commonly focuses on components 

within HM and fails to capture potential associations of HMF with other immune system 
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components (e.g. immune cells, bioactive molecules) and general processes (e.g. inflammation). 

This study addresses these gaps in knowledge by investigating associations between HMF and an 

expansive array of immune system biomarkers that provide an indication of many distinct 

immune system activities (e.g. inflammation, immune cell proliferation), and not just the roles of 

individual HM components in immunity, in human infants. 

1.3. The association between infant feeding practices and health 

HM appears to support infants in avoiding potentially damaging inflammatory responses 

in early life. HM composition can adapt to an infant’s needs and may gradually allow an infant to 

‘gain more responsibility’ and independence in regulating its own health.1 Furthermore, the 

ability of HM to ‘train’ immune cells to tolerate harmless antigens and seed the gut microbiome 

may help infants begin life on a healthy trajectory. Despite this noted phenomenon, the majority 

of studies investigating HM immunomodulatory abilities do not account for nuances in infant 

feeding practices – including current HMF and history of HMF (HMF duration, exclusive HMF 

duration, and HMF method (i.e. feeding from the breast or with pumped and bottled milk). 

The World Health Organization recommends exclusive HMF for the first six months of 

life, and complementary feeding for up to two years, or as long as both the mother and infant 

wish to continue.82 A 2017-2018 Canadian community health survey found 91% of Canadian 

parents start out HMF, but only 35% of these parents did it exclusively for at least six months, 

and 38% of these parents stopped all HMF before the infant reached six months of age. The 

mean HMF duration was 9.1 ± 7.5 months and 31.1% of Canadian parents reported HMF at 12 

months of age or beyond. This Canadian community health survey did not capture HMF method 

data.83 
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The relationship of these infant feeding practices with infant immune system activities 

and development are relatively understudied. This section outlines why understanding these 

relationships are important for advancing our understanding of HM immunomodulatory 

capabilities. 

Current HMF supports infant immunity. For example, animal model studies have shown 

murine milk immune cells can permeate pup digestive tracts and act in sites including lymph 

nodes, spleen, and liver.34 Furthermore, the ability of HM Igs to provide ‘passive immunity’ to 

infants is well-known.1 Despite these associations, the full extent to which current HMF 

influences infant immune system activities is unknown. Determining if current HMF i) induces 

distinct changes in immune system-associated biological processes, and ii) influences the levels 

of an expansive selection of immune system associated components, including components that 

are not found in HM, are gaps in knowledge examined in this current study. Investigating the 

relationship between current HMF and infant immune system activities will help uncover HM 

mechanisms that have developed to support infant health. Understanding this relationship can 

further inform how to provide the best start to life for infants and how alternative forms of 

nutrition can be improved to support infant health. Furthermore, HMF research commonly 

studies low weight preterm infants and is conducted in the context of negative infant health 

conditions such as allergy, asthma, and necrotizing enterocolitis.84,85 Understanding the 

association of current HMF with healthy infant immunity is another important direction for 

future research and was a focus of this current study.  

Exclusive HMF duration and HMF duration have been associated with supporting 

infant metabolic regulation,86 brain development,87 and infant health outcomes.88  
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Exclusive HMF duration is defined as the length of time an infant receives only HM 

and no other food or drink. This variable also reflects the age at which alternative nutrition 

sources (formula or foods) are introduced. Exclusive HMF duration has been negatively 

associated with the likelihood of negative health conditions in infancy, such as respiratory and 

gastrointestinal infection,89 diarrhea,90 and type 1 diabetes.87 Furthermore, exclusive HMF 

duration has been positively associated with Bayley Scales of Infant Development scores – a test 

of memory language, and motor skills - at 14 months and 18 months of age, problem-solving 

abilities in two- and three-year-old children, and intelligence scores from ages 1 to 7.87 

HMF duration is defined as the length of time an infant receives any HM. HMF duration 

has been negatively associated with fasting insulin concentrations and insulin resistance in five-

year-old chilren.91 Prolonged HMF has been shown to induce long-lasting physiological changes 

in liver-to-hypothalamus communication and hypothalamic metabolic regulation, which may 

underly the association between HMF and reduced likelihood of obesity and overweight in 

adolescence.86,92 HMF duration has also been inversely associated with the likelihood of 

developing asthma, allergic disease (i.e. eczema, allergic rhinitis), and colitis in childhood.88,91  

The mechanisms underlying beneficial associations of HMF duration and exclusive HMF 

duration are hardly understood. We speculate exclusive exposure (exclusive HMF duration), as 

well as continued exposure (HMF duration) to HM nutrients, immunomodulatory components, 

and dynamic ability, may have implications for infant immune system structure (e.g. immune 

cells, mucosal immune site components, epithelial barriers) development or biological process 

activities. For example, the positive association between exclusive HMF duration and both 

thymus size and T cell number may explain the negative association between exclusive HMF 

duration and incidence of respiratory infections.93–96 Investigating the relationships of HMF 
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duration and exclusive HMF duration with immune system development (e.g. changes in 

mucosal immune site structure, immune cell and bioactive component composition, localization, 

and activities) is required to uncover the mechanisms of these protective associations, and is a 

focus of this current study. Furthermore, the dose-dependency of HM immunomodulatory 

abilities is not clear. Investigating the relationship of HMF duration and exclusive HMF duration 

with immune system development will help elucidate i) the dose-dependency and kinetics of HM 

immunomodulatory abilities and protective associations, and ii) the association between HM and 

physiological immune system component (e.g. immune cells, mucosal immune site structures) 

development. 

Infant HMF method, in this current study, refers to the infant nutritional source (e.g. 

formula, HM) and method in which nutrition is administered (e.g. receiving HM directly from 

the breast, or pumped and bottled milk). HMF method has been associated with infant immune 

system activity and development. Microbiota present in expressed HM is enriched with potential 

pathogens and depleted in Bifidobacteria, in comparison to direct HM.61 Furthermore, and as 

previously mentioned, TNF-⍺ and macrophage levels within direct HM have been shown to 

increase when nursing infants are mounting an immune response against an infection, even when 

the lactating parent is asymptomatic.46 Expressed HM does not appear to adapt in this manner, 

indicating a bi-directional exchange of immune factors is happening with direct suckling at the 

breast. Infant formula satisfies infant nutritional components but lacks hundreds of other HM 

molecules, including ones associated with infant immunity. Formula feeding has been associated 

with an increased risk of an infant developing necrotizing enterocolitis, respiratory infections, 

asthma, obesity, diabetes, and IBD, compared to exclusive HMF.1 These associations indicate 

infants receiving formula may have long-lasting differences in immune system activities and 



 
 
15 
 

development, in comparison to infants receiving HM. Investigating the relationship between 

early life HMF method and immune system development is required to determine the 

implications of feeding method associated HM abilities on infant health and is a focus of this 

current study. 

In summary, infant feeding practices have been associated with infant immune system 

activity, development, and health outcomes. Despite this, the mechanisms underlying these 

associations are not well understood. Furthermore, the infant feeding practices mentioned above 

are not often measured or accounted for in HM research. Furthering our understanding of the 

association between infant feeding practices and immune system activity and development is an 

important direction for HM research.  

 
1.4. Inflammation-associated serum biomarkers can reflect immune system activities and 

development 

Gerard Eberl’s essay on immunity by equilibrium suggests the immune system is in a 

constant state of dynamic equilibrium in which immune system-associated components, the 

microbial environment, and the internal milieu in a given tissue dictate if immune component-

antigen interactions lead to tolerance, protective immunity, or inflammatory pathology.97,98 This 

suggests immune system associated component levels may provide an indication of immune 

system activity or state. Blood contains immune cells, cytokines, and other immune-associated 

biomarkers that can provide a global representation of immune system state at a given time; 

therefore, investigating a comprehensive set of immune system associated blood components 

may uncover how immune system activities and development change in response to different 

exposures or perturbations.31,99 For example, the immune system maturation associated transition 
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from predominantly Th2 to predominately Th1 may be reflected by relative levels of IFN-𝛾 – a 

cytokine representative of the inflammatory Th1 immunity – and IL-4 – a cytokine 

representative of the anti-inflammatory Th2 immunity.100,101 Furthermore, investigating cytokine 

levels can indicate immune cell proliferation (IL-2 for B and T cells), differentiation (GCSF for 

monocytes and dendritic cells), activation (IL-1⍺ for antigen presenting cells and T cells), or 

inhibition (IL-10 and TGF-β for T cells) in a given tissue or systemically.98 These examples 

support the use of inflammation-associated biomarkers in comparing immune system activities, 

states, and development in infants.  

Investigating a variety of inflammation-associated serum biomarkers provides this study 

with power to determine associations of infant feeding practices with a spectrum of inflammation 

and immune system associated processes. The Olink Target 96 Inflammation panel measures an 

extensive selection of inflammatory-associated serum proteins. Previous studies have used the 

Olink Target 96 Inflammation panel to investigate biomarker diagnostic potential,102 develop our 

understanding of immune system activity differences among disease states,103 develop 

mechanistic disease development and progression hypotheses,102 provide an indication of 

systemic biological process activity (e.g. inflammation, metabolism), and inform future research 

targets and experiment development.104 This study utilizes the diverse capabilities of Olink 

Target 96 Inflammation panel measures in one-year-old infants to further our understanding of 

the relationship of infant feeding practices with infant immune system development and activity. 

To our knowledge, no prior research has investigated associations of non-heritable factors with 

Olink Target 96 Inflammation panel measured serum biomarkers in healthy infants.  
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1.5. Research objective, questions, and hypotheses 

1.5.1. Research objective 

To investigate the association of current HMF status and history of HMF (including HMF 

duration, exclusive HMF duration, and HMF method at three months of age) with inflammation-

associated biomarkers measured in serum collected from healthy one-year-old infants (Figure 1). 

1.5.2. Research questions 

- Are current HMF status, HMF duration, exclusive HMF duration, and HMF method at three 

months of age associated with inflammation-associated serum biomarker levels at one year 

of age? 

- If so, how strong are these relationships and which biomarkers are most associated with 

infant feeding practices?  

- Is overall biomarker variation associated with infant feeding practices, and if so, what is the 

effect size in comparison to other demographic variables? 

1.5.3. Hypotheses 

General: 

Infant feeding practices (current HMF status, HMF duration, exclusive HMF duration, HMF 

method at three months of age) are associated with some inflammation-associated biomarker 

levels. 
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Specific: 

- Associations between inflammation-associated biomarkers and current HMF status will 

suggest current HMF status influences HMF-dependent immune system activities. 

- Associations between inflammation-associated biomarkers and history of HMF will suggest 

that HM feeding supports immune system development and has a lasting influence on 

immune system activities. 

- The proportion of overall biomarker variation accounted for by infant feeding practice 

variables will be significant and have a comparable effect size to demographic variables 

commonly accounted for in infant serum proteomics (e.g. sex, infant age).  
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Figure 1. Schematic illustrating the relationship between infant feeding practices and the 
development of the immune system in the first year of life. 
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Chapter II: Methodology  

2.1. Study design and population 

Questionnaire data and biological samples from the Canadian Healthy Infant 

Longitudinal Development (CHILD) Cohort Study were used in this current study. CHILD is an 

ongoing, prospective, longitudinal, general population birth cohort study that recruited over 3600 

pregnant mothers from Vancouver (British Columbia), Edmonton (Alberta), Winnipeg, Morden, 

Winkler (Manitoba), and Toronto (Ontario) between 2009 and 2012.105 The original objective of 

the CHILD Cohort Study was to advance knowledge on how genetic, environmental, and host 

factors (in utero and postpartum) interact with the developing fetus and infant to alter risk of 

atopic disease such as asthma and allergy.106 To address this objective, CHILD collected infant 

and parent demographic, environmental, and health-related information using longitudinal study 

questionnaires and clinical assessments. Skin prick tests were completed for infants and 

parents.106 Biological samples, such as cord blood, house dust, breast milk, parent’s blood, and 

children’s blood, nasal swabs, urine, and stool were also collected from CHILD families.106 The 

CHILD Cohort Study excluded premature infants, children born with major congenital 

abnormalities or respiratory distress syndrome, families that expected to move away from the 

recruitment area within one year post-recruitment, parents pregnant with more than one baby, 

parents that had in-vitro fertilization pregnancies, and children expected to spend less than 80% 

of their time in the primary home.107 

The wealth of data and biological samples collected through CHILD has enabled 

researchers to address gaps in knowledge for the intended fields of allergy and asthma, as well as 

fields such as psychology and microbiology.105 At the time of writing this thesis, CHILD 
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participants remain engaged in the study (e.g. completed questionnaires and provided dried blood 

spot samples for the CHILD COVID-19 Add-on study between 2021-2022, participating in the 

13-year visits) and researchers continue to utilize CHILD questionnaire and biological sample 

data to address gaps in knowledge associated with the developmental origins of health and 

disease.  

This thesis research investigated a subset of 670 CHILD Cohort Study infants, using data 

collected in the first year of life. This subset was chosen by Canadian Microbiome Initiative 2: 

Research Teams, “Causational Roles of the Gut Microbiome in Childhood Asthma: Leveraging 

the CHILD Cohort,” grant investigators, in collaboration with the Biological Samples Committee 

- a sub-committee of CHILD co-investigators - based on the availability of i) blood serum 

collected from infant participants during the one-year CHILD clinic visit (2010-2013), and ii) 

infant metagenomic data at both three months and one year of age (Figure 2).  
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Figure 2. One-year-old CHILD infants selected for Olink Target 96 Inflammation panel 
serum biomarker quantification and statistical analysis. *Vanguard Pilot study participants 
were used to test exposure assessment approaches. 1Nathan DG et al. 1987. 
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2.2. CHILD Cohort Study questionnaire data   

This study used CHILD Cohort Study questionnaires completed by parent participants at 

recruitment (18-weeks gestation), 36-weeks gestation, and three months, six months, one year 

and three years postpartum.106,107 Child birth chart data was collected from hospital reports. The 

wide range of data captured with these CHILD questionnaires are shown in Table 1 and Table 2.  

2.2.1. Infant feeding practices subject to analysis 

Infant feeding practice variables investigated in this current study include infant HMF 

status at one-year blood sample collection (“current HMF status”), HMF duration, exclusive 

HMF duration, and HMF method at three months of age. Variable definitions, categories, source, 

and derivation details are in Table 1.  

2.2.2. Population characteristics evaluated for inclusion as covariates in analysis 

Demographic characteristics potentially related to overall infant development, infant 

immune system development, allergy and asthma incidence, inflammation-associated biomarker 

levels, and serum sample quality were captured in CHILD questionnaires or hospital child birth 

charts. Demographic characteristics in Table 2 were either used directly (as a main outcome 

variable or covariate), indirectly (to derive variables used as a main outcome variable or 

covariate) or were evaluated but did not pass model building criteria in analysis. The scientific 

rationale for potentially including each demographic characteristic in analyses, as well as 

variable derivation information, are also in Table 2.  
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Table 1. Infant feeding practice variables investigated in this study. 
 Definition and Categories  Source and Derivation  Original Questionnaire Wording 

Current HMF Status 

HMF status at blood sample 
collection 

 

• HMF at blood sample collection 
(Complete HMF cessation 
occurred after one-year CHILD 
visit) 

 
• Not HMF at blood sample 

collection (Complete HMF 
cessation occurred before one-
year CHILD visit) 

Infant birth date (child birth chart), 
one-year blood sample collection 
date (one-year blood sample 
collection form) and report of 
complete HMF cessation (three-
month; six-month; one-year 
questionnaires) were used to derive 
this variable. 

If you are not currently 
breastfeeding, how old was your 
child when you stopped 
breastfeeding? 
 
 

History of HMF  

HMF duration 

Infant age at earliest report of HMF 
cessation, in months 
 
Evaluated in continuous and 
categorical formats   
 
Categorical variables: 
• Two-month HMF intervals: 0, 

>0-≤2, 2-≤4, 4-≤6, 6-≤8, 8-≤10, 
>10 

• Three-month HMF intervals: 0, 
>0-≤3, 3-≤6, 6-≤9, >9 

• Four-month HMF intervals: 0, 
>0-≤4, 4-≤8, >8 

Parent’s report of complete HMF 
feeding cessation (three-month; six-
month; one-year questionnaires) was 
used to derive this variable. 
 
The minimum known HMF duration 
was used when complete HMF 
cessation was unreported. 
 
Infant age at one-year blood sample 
collection was used as HMF duration 
value if an infant was HMF at blood 
sample collection. 

If you are not currently 
breastfeeding, how old was your 
child when you stopped 
breastfeeding? 
 
 

Exclusive HMF duration 

Infant age at first introduction to 
formula or solid food, in months 
 
Evaluated in continuous and 
categorical formats 
 
Categorical variables: 
• Two-month exclusive HMF 

intervals: 0, >0-≤2, 2-≤4, >4 

Parent’s report of first introduction to 
formula or solid food (child birth 
chart; three-month; six-month; one-
year questionnaires) were used to 
derive this variable. 
 
 

Was the mother breastfeeding in the 
hospital? 
 
Are you currently giving your child 
any infant formula? 
 
How old was your child when you 
started giving him/her any type of 
infant formula? 
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• Three-month exclusive HMF 
intervals: 0, >0-≤3, >4 

Indicate which foods you have fed 
your child and at what age you 
INTRODUCED this food type to 
your child. 

HMF method at three months of 
age 

• Formula feeding only 
• HMF and formula feeding 
• HMF directly from the breast 

and through pumped and bottled 
milk 

• Direct HMF only 

Parents report of breastfeeding, bottle 
feeding, and formula feeding (three-
month questionnaire) was used to 
derive this variable. 

Did you breastfeed your child for any 
duration (more than a few days) 
since birth? 
- If yes, are you currently 

breastfeeding your child 
(whether or not feedings are 
supplemented)? 

 
When breastfeeding since birth, did 
you use a breast pump to express the 
milk? 
 
On average, how many servings of 
breast milk expressed with a pump 
did you feed your child in the last 
two weeks? 
 
Are you currently giving your child 
any infant formula? 

HMF, human milk feeding
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Table 2. Demographic variables evaluated for and/or included in study analyses. 
 Definition and Categories Source and Derivation Inclusion Rationale Original Questionnaire Wording 

Infant Variables 

Biological sex • Male 
• Female 

Hospital report of biological 
sex (child birth chart) was 
used to extract this variable. 

Infant biological sex is 
associated with inflammation 
associated biomarkers, 
immune components,108 and 
immune responses.109 

NA 

Birth weight Infant birth weight, in grams 

Hospital report of birth 
weight (child birth chart) 
was used to extract this 
variable. 

Birth weight has a positive 
association with food allergy 
risk.110 

NA 

Age at blood sample 
collection 

The time between date of 
birth and date of blood 
sample collection, in months 

Hospital report of birth date 
(child birth chart) and one-
year blood sample collection 
date (one-year blood sample 
collection form) were used to 
derive this variable. 

The first 1000 days of life is 
considered a critical period in 
which immune system 
components develop and 
mature.111  

NA 

Gestational age Infant gestational age at 
birth, in weeks 

Hospital report of gestational 
age (child birth chart) was 
used to extract this variable. 

Gestational age is positively 
associated with allergic 
rhinitis risk in young 
adulthood.112 

NA 

Infant antibiotic use 
in the first year of life 
 

• Yes (Antibiotic exposure 
in the first year of life, 
after birth) 
 

• No (No antibiotic 
exposure in the first year 
of life, after birth) 

Parent’s report of antibiotic 
consumption (three-month; 
six-month; one-year 
questionnaires) were used to 
derive this variable. 

Antibiotic exposure has been 
associated with microbiota 
dysbiosis and alteration in 
bacterial immune response.113 

Did your baby take ANY 
prescribed or over-the-counter 
medications during this time 
period? 
- Brand name 
- Generic name 
- Type of medication 

 
Did your baby take another 
medication during this time period? 
- Brand name 
- Generic name 
- Type of medication 
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Positive skin prick 
test at one year of age 

• Yes (Positive test for at 
least one food or 
inhalant allergen) 
 

• No (No positive test 
results for food or 
inhalant allergen) 

Skin prick test (at one-year 
CHILD visit) results were 
used to derive this variable. 
 
Allergens included A.tenuis, 
cat, dog, D. pteronyssinus, D. 
farina, cockroach, peanut, 
milk, egg, and soy. 

Allergic disease has been 
associated with an 
overreactive immune 
responses to ‘harmless’ 
antigens.114 

NA 

Received all routine 
provincial 
vaccinations at one 
year of age 

• Yes 
• No 

Parent’s report of 
vaccinations received by an 
infant (three-month; six-
month; one-year 
questionnaires) were used to 
derive this variable. 

Vaccination stimulates the 
development of antigen-
specific immune defenses.115 

Which of the following 
vaccinations has your baby received 
since birth? 
- Routine provincial 

vaccinations at 2 months of 
age 

- Routine provincial 
vaccinations at 4 months of 
age 

- Routine provincial 
vaccinations at 6 months of 
age 

- Routine provincial 
vaccinations at 12 months of 
age 

- No vaccinations 

Birth delivery method • Caesarean section 
• Vaginal 

Hospital report of method of 
delivery (child birth chart) 
was used to extract this 
variable. 

Birth delivery method has 
been associated with 
bacterial richness and 
diversity.116 Caesarean 
section delivery has been 
positively associated with 
asthma risk in childhood, in 
comparison to vaginal 
delivery.117 

Method of delivery: 
- Vaginal unassisted 
- Vaginal forceps assisted 
- Vaginal vacuum extracted 
- Assisted breech (normal 

delivery often with forceps) 
- Breech extraction 

(rare/emergency when baby 
remains in uterus) 

- Elective caesarean section 
- Caesarean section (during 

labour 
- Emergency caesarean section 

(during labour) 
- Emergency caesarean section 

(without labour) 
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- Not recorded 
- Other, specify: 

Infant Feeding Practice Variables 

Age at first 
introduction to 
formula 

Infant age when first fed 
baby formula, in months 

Parent’s report of first 
introduction to formula 
(three-month; six-month; 
one-year questionnaires) 
were used to derive this 
variable. 

Formula feeding has been 
associated with differences in 
infant gut microbiome 
composition, antigen 
exposure, and allergic 
disease risk, compared to 
HMF.118–120 

Are you currently giving your child 
any infant formula? 
 
How old was your child when you 
started giving him/her any type of 
infant formula? 

Age at first 
introduction to solids 

Infant age when first fed 
solid food, in months 

Parent’s report of first 
introduction to solid food 
(three-month; six-month; 
one-year questionnaires) 
were used to derive this 
variable. 

The introduction of solid 
food induces gut microbiome 
composition changes and 
Treg proliferation in 
infants.118,119,121 

Indicate which foods you have fed 
your child and at what age you 
INTRODUCED this food type to 
your child. 

Time since HMF 
cessation 

The time between HMF 
cessation and blood sample 
draw, in months 

Parent’s report of complete 
HMF cessation (three-month; 
six-month; one-year 
questionnaires) and CHILD 
technician reported blood 
sample draw (one-year 
CHILD visit) was used to 
derive this variable. 

Time since HMF cessation 
may be associated with 
inflammation-associated 
serum biomarker levels. 

If you are not currently 
breastfeeding, how old was your 
child when you stopped 
breastfeeding? 

Household Variables  

Number of different 
pollution sources 
within 100m of infant 
home 

• 0 
• 1 
• 2 
• 3+ 
 

Parent’s report of pollution 
sources (one-year 
questionnaire) was used to 
derive this variable. 

Pollutants negatively impact 
respiratory immune 
responses to pathogens.122 

Is your home within 100 metres of 
any of the following? (100 meters is 
the length of a football field) 
- Major highways/arteries 
- Body of waters 
- Factories 
- Farms 
- Large parking lots 
- Major/prolonged construction 

activities 

Older siblings 
• 0 
• 1 
• 2+ 

Parent’s report of older 
siblings (18-week gestation 
questionnaire; child birth 

The presence of older 
siblings has been associated 
with increased gut 

Do you have any OTHER children 
conceived and delivered with your 
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chart) was used to derive this 
variable. 

microbiome diversity and 
decreased allergy risk.123 

present baby's biological father or 
from any previous relationships? 
 
Do you have a second/third/fourth 
child conceived and delivered with 
your baby’s biological father or 
from any previous relationships? 
 
Total number of pregnancies, 
including present pregnancy 
- Living children (not 

including child who is 
participating in the CHILD 
Study) 

Household income 

• $0 - $49 999 
• $50 000 – $79 999 
• $80 000 – $99 999 
• $100 000 – $149 999 
• Over $150 000 
• Prefer not to say 

Parent’s report of household 
income (one-year 
questionnaire) was used to 
derive this variable. 

Socioeconomic status has 
been negatively associated 
with innate immune 
responsiveness.124 

What is the best estimate of the 
total income, before taxes and 
deductions, of all household 
members, from all sources in the 
past 12 months? 

Household pets with 
fur 

• Yes 
• No 

Parent’s report of household 
cats, dogs, or other pets with 
fur (one-year questionnaire) 
were used to derive this 
variable. 

Furry pet exposure has been 
associated with risk of 
developing atopy-related 
disease in early childhood.125 

Have you had any furry PETs in the 
last year? 

Study Variables  

Time until blood 
sample centrifugation 

The time between blood 
sample draw and blood 
sample processing, in hours 

CHILD technicians report of 
blood sample collection time 
and date (one-year CHILD 
visit) and blood sample 
centrifugation time and date 
(one-year CHILD visit) were 
used to derive this variable. 

Time until blood sample 
centrifugation has been 
associated with blood serum 
component stability and 
analytical measurability.126 

NA 

Study site 

• Vancouver 
• Edmonton 
• Manitoba 
• Toronto 

Enrollment site (18-week 
gestation questionnaire) was 
used to extract this variable. 

Study site differences in 
serum collection 
methodology and/or 
geographic factors may be 

NA 
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associated with serum 
biomarker levels. 

Family Variables  

Maternal age at time 
of delivery 

Mother’s age at time of 
delivery, in years 

Infant birth date (child birth 
chart) and mothers birth date 
(18-week gestation 
questionnaire) were used to 
derive this variable. 

Maternal age at infant birth 
has been associated with T 
cell subset composition127 
and infant’s risk of 
hypertensive disorders and 
gestational diabetes 
mellitus.128 

NA 

Maternal marital 
status 

• Married or common law 
• Never been married, 

divorced, or separated  

Parent’s report of maternal 
marital status (18-week 
gestation questionnaire) was 
used to extract this variable. 

Marital status has been 
associated with infant 
mortality and low 
birthweight.129 

NA 

Maternal years of 
education 

Maternal years of education, 
in years 

Parent’s report of maternal 
years of education (18-week 
gestation questionnaire) was 
used to extract this variable. 

Maternal years of education 
has been positively 
associated with the risk of 
low birth weight and preterm 
birth.130 

How many years of education have 
you had? 

Maternal race 

• Asian 
• White 
• First Nations 
• Other 

Parent’s report of maternal 
ethnic or cultural group (18-
week gestation 
questionnaire) was used to 
derive this variable. 

Race has been associated 
with innate immune system 
response profile.131 

To which ethnic or cultural group 
did your parents belong? 

Maternal cigarette 
smoking status 

• Yes 
• No 

Parent’s report of maternal 
cigarette smoking status (18-
week gestation 
questionnaire) was used to 
derive this variable. 

Prenatal smoking exposure 
has been associated with 
neonatal inflammation.132 

DURING this pregnancy, did you 
completely stop smoking? 
 
At the present time, how often do 
you smoke? 

Maternal second-
hand smoke exposure 

• Yes 
• No 

Parent’s report of maternal 
second-hand smoke exposure 
status (18-week gestation 
questionnaire) was used to 
derive this variable. 

Maternal second-hand smoke 
exposure has been associated 
with reduced birth weight.133 

Does anyone smoke inside your 
home? 
 
Does anybody, at present, smoke at 
your home? 

Daily maternal 
alcohol consumption 
 

Daily maternal alcohol 
consumption, in grams 

Parent’s report of maternal 
alcohol consumption (18-
week gestation 
questionnaire) was used to 
derive this variable. 

Maternal alcohol 
consumption during 
pregnancy has been 
associated with the disruption 
of fetal immune system 

How often did you drink these 
beverages? 
- Beer (all types) 
- Red wine 
- White or rosé wine 
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development, infection risk, 
and disease in neonates.134 

- Coolers and wine coolers 
- Liquor and mixed drinks 

 
What was the serving size? 

Maternal diet quality 
Maternal diet quality, 
reflected by healthy eating 
index135 score 

Food composition tables 
from the Nutrition Coding 
Center nutrient database were 
used to derive this variable 
from a validated food 
frequency questionnaire (18-
week gestation; 36-week 
gestation questionnaires).136 

Maternal diet has been 
associated with infant 
epigenetic signatures, as well 
as infant allergy and 
infection risk.137 

NA 

Maternal pre-
pregnancy body mass 
index 

Maternal body mass index, in 
kg/m2 

Parent’s report of pre-
pregnancy maternal weight 
(three-year questionnaire), or 
measured weight one year 
after birth (if mother could 
not recall pre-pregnancy 
weight) (one-year mother 
spirometry measurement) or 
imputed pre-pregnancy 
weight (if neither measure 
was available) and maternal 
height (one-year spirometry 
measurement) was used to 
derive this variable. 

Maternal BMI has been 
associated with offspring 
incidence of cardiovascular 
disease, diabetes, and 
asthma.138 

Does mother recall her weight 
when she became pregnant with the 
study child? 
- If yes, what was her 

approximate weight? 

Maternal atopy 
(positive skin prick 
test) 

• Yes (Positive test for at 
least one food or 
inhalant allergen) 
 

• No (No positive test 
results for food or 
inhalant allergen) 

Skin prick test (at one-year 
CHILD visit) results were 
used to derive this variable. 
 
Allergens included A.tenuis, 
cat, dog, D. pteronyssinus, D. 
farina, cockroach, peanut, 
milk, egg, and soy. 

Maternal allergy is associated 
with increased offspring 
allergy risk.139 

NA 

Paternal atopy 
(positive skin prick 
test) 

• Yes (Positive test for at 
least one food or 
inhalant allergen) 
 

Skin prick test (at one-year 
CHILD visit) results were 
used to derive this variable. 
 
Allergens included A.tenuis, 
cat, dog, D. pteronyssinus, D. 

Paternal allergy is associated 
with increased offspring 
allergy risk. This association 
is weaker than the 
association between maternal 

NA 
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• No (No positive test 
results for food or 
inhalant allergen) 

farina, cockroach, peanut, 
milk, egg, and soy. 

allergy and risk of allergy in 
offspring.140 

HMF, human milk feeding



 
 
33 
 

2.3. Participant exclusion criteria 

Sixty-five infants were excluded from analysis presented in this thesis (Figure 2).  

Infants were excluded from analysis if they met any of the following criteria:  

1. Were outside the ‘normal’ white blood cell range for one-year-old infants (6000-

17500 mm3)141,142  (n=32). White blood cell counts outside this range have been 

associated with active infection or cancer. 141 

2. Had missing HMF status at blood sample collection data (n=22). 

3. Had their one-year CHILD clinic visit blood sample collection after 18 months of age 

(n=11).  

Remaining infants (n=605) were included in analyses for investigating HMF status at 

blood sample collection. Infants who were currently HMF at time of blood sample collection 

(n=258) were excluded from analyses investigating history of HMF (HMF duration, exclusive 

HMF duration, HMF method at three months of age), as current HMF status was shown to have 

a strong confounding effect on the relationship between history of HMF variables and serum 

biomarker levels. 
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2.4. Infant serum collection 

Infant blood serum was collected during one-year (mean age: 12.6 ± 1.4 months) CHILD 

clinic visits (2010-2013). Approximately 6 mL of blood was collected from infants with 21- to 

25-gauge butterfly needles. On average, 3.0 mL of heparinized blood (anti-coagulated) and 2.25 

mL non-heparinized blood were collected from infants at this visit.106 Serum samples (two 0.3 

mL aliquots) were collected by centrifuging (1000xg at room temperature for 10 minutes) 

heparinized blood after sample collection (median time until blood sample centrifugation: 2.2 

(0.8-17.6 interquartile range (IQR)) hours) (Supplementary Figure 1) and immediately stored 

locally at -80℃.106 Samples were then shipped to a long-term central storage site (-80℃, CRLB-

Gem Lab & Biobank, Hamilton, ON) until serum biological molecule (biomarker) quantification 

was performed in 2021.106  

2.5. Infant serum inflammation-associated biomarker quantification  

Relative levels of 92 inflammation-associated biomarkers were quantified in infant serum 

(n=670, 40-100 μL for each sample) using the Target 96 Inflammation panel from Olink 

Proteomics ® (Uppsala, Sweden), performed at the Clinical Research Laboratory and Biobank – 

Genetic and Molecular Epidemiology Laboratory (Hamilton General Hospital, ON). 

This Olink panel utilizes proximity extension assay (PEA) dual-recognition immunoassay 

technology to simultaneously measure relative biomarker levels in serum. 92 analyte-specific 

antibody pairs labelled with matched DNA oligonucleotides were added to serum samples on the 

panel. Antibody pairs that bind to their respective target proteins underwent a proximity-

dependent DNA polymerization event in which antibody-attached DNA oligonucleotides 

hybridized to become a template/reporter sequence for DNA polymerase and polymerase chain 
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reaction (PCR) amplification. The hybridized double-stranded DNA template, or ‘barcode’, is 

unique for each biomarker target; therefore, amplicons (DNA amplification products) generated 

from each biomarker-antibody-oligonucleotide template were distinguished and quantified at the 

same time using quantitative real-time PCR (qPCR). qPCR read-out was performed using a 

Fluidigm® BiomarkTM system.143,144 

The Olink Target 96 Inflammation panel has a built-in quality control system that used 

three types of internal controls and two types of sample controls. Internal controls include 

incubation, extension, and detection controls. These internal controls were added to each serum 

sample and are designed to monitor PEA steps. Incubation controls are two different non-human 

antigens that are measured in the PEA. These controls are designed to monitor intra-assay 

technical variation in all PEA steps. The extension control is an antibody coupled to a unique 

pair of DNA-tags. This control should give a constant signal and is designed to monitor and 

allow for adjustment of DNA reporter sequence extension and amplification variation. The 

detection control is a double-stranded DNA amplicon that does not require proximity binding or 

extension to generate a detectable signal. This control monitors PEA amplification and detection 

steps.145 Sample controls include inter-plate and negative controls. Sample controls were added 

to separate wells on each Olink plate. Inter-plate controls are pools of all 92 antibody pairs in 

fixed proximity. These controls are designed to give a high signal for all biomarkers. Inter-plate 

controls are added to three wells on each plate and are used to adjust for variation between runs 

and plates. Negative controls consist of buffer and are included in triplicate on each plate to 

monitor background noise generated when complementary DNA-tags come in close proximity 

without binding to target biomarkers. The mean + 3 standard deviations (SDs) of these negative 

controls was set as the arbitrary limit of detection (LOD) for each plate.145  
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Olink reports biomarker levels using normalized protein expression (NPX) units – an 

arbitrary unit on a log2 scale. NPX values are relative and specific to each individual biomarker, 

meaning different biomarkers with the same NPX value do not necessarily have the same 

absolute serum concentration. Biomarker NPX is calculated using an algorithm that incorporates 

extension, inter-plate, and negative control values, as well as the number of real-time qPCR 

cycles required for a unique antibody-oligonucleotide-based amplicon to reach the fluorescent 

signal threshold line of the Fluidigm® BiomarkTM system.143 Research detailing the accuracy, 

precision, and characteristics of this panel can be found on the manufacturer’s website.146 

An Intensity normalization process was used to account for systematic non-biological 

variation added to a dataset during data acquisition (i.e. batch effects) that arise from using 

multiple plates.147 Intensity normalization is based on the assumption that, on average, there is no 

difference between median signals among plates. The intensity normalization process used in 

this current study included i) calculating the overall median for all samples and plates, ii) 

calculating each individual plate median value, iii) subtracting individual plate medians from all 

values on respective plates, and iv) adding the overall median to all values.145 Additional batch 

effects (e.g. variation associated with oligonucleotide hybridization time) were removed with the 

Limma R package.148 Operator error was evaluated by determining if samples with shared 

columns or rows deviate from remaining samples on a plate. Outliers were defined as samples 

more than three SDs from the interquartile range of all samples and more than three SDs from 

the mean of all biomarker medians. No operator error effects or outlier serum samples were 

found. Biomarkers with >50% of samples below the LOD (n=16 biomarkers) were subsequently 

excluded from analyses (Supplementary Figure 2).149 Values below the LOD for remaining 

biomarkers (n=76) were replaced by the LOD value of each respective plate. A logistic 
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regression analysis did not identify any significant associations between biomarker 

presence/absence and any infant feeding practices investigated in this study (Supplementary 

Figure 3) Outlier detection, batch effect removal, and LOD replacement were completed by 

project collaborators Lucie Rodriguez and Petter Brodin. The names of all biomarkers quantified 

by this panel, including biomarkers that were excluded from analysis, are found in Table 5.  

2.6. Data cleaning, transformation, analysis, and visualization 

All data cleaning, analysis, and visualization was performed in R version 4.0.5: A 

language and environment for statistical computing using R Studio version 2021.09.2+382  (R 

Core Team, Vienna, Austria, http://www.R-project.org/).150 R packages used included dplyr,151  

tidyr,152 lm,153 glm,154 tidyverse,155 and vegan.156 The R package ggplot2 was used to visualize all 

results and data.157  

Missing data was removed from statistical analyses. Biomarker NPX measures were 

converted to Z-scores to make analysis results more comparable across biomarkers This 

standardization process resulted in each biomarker having a mean NPX of zero and SD of one. 

The Benjamini-Hochberg method was used to account for multiple comparisons and 

false-discovery rate (FDR) in all statistical analyses.158 Unless otherwise mentioned, p<0.05 was 

considered statistically significant. Normally distributed continuous demographic characteristics 

were summarized using mean and SDs and non-normally distributed continuous demographic 

characteristics were summarized using median and IQRs. 

 

 

http://www.r-project.org/
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Linear Regression: 

The associations between infant feeding practices (continuous or categorical independent 

variables) and standardized serum biomarker levels (continuous dependent variables) at one year 

of age were determined using linear regression. Linear regression models estimate differences in 

the dependent variable for different levels of the independent variables (either ‘per unit increase’ 

for continuous variables, or relative to the chosen reference group for categorical variables).159 

The benefit of using linear regression to investigate categorical variables, in comparison to a t-

test or ANOVA, is that it can account for covariates.159  

Linear regression models were created using each infant feeding practice, individually, as 

independent variables predicting each standardized biomarker level. Current HMF status 

(binary), HMF duration (grouped in intervals of two months, three months, and four months), 

exclusive HMF duration (grouped in intervals of two months and three months), and HMF 

method at three months (four categories) were evaluated in linear regression models as 

categorical independent variables. HMF duration and exclusive HMF duration were additionally 

assessed as continuous independent variables. Spearman correlation coefficient informed 

hierarchical clustering analysis (Supplementary Figure 4) was used to inform biomarker order 

in a linear regression analysis using current HMF status as an independent variable. Results were 

obtained for univariable models and for multivariable models adjusting for covariates. 

Regression model covariate selection: 

Covariates evaluated in multivariable regression models were chosen based on literature 

and a forward stepwise covariate selection process. Increasing the number of independent 

variables increases the risk of overfitting and multicollinearity; therefore, a ‘simplest is best’ 

model building approach was used in this current study.160 Infant sex and study site were chosen 
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to be included in analyses a priori. Infant sex is commonly included in research utilizing the 

Olink Target 96 Inflammation panel, as sex differences have been reported for several 

inflammation-associated biomarker levels.161,162 Blood sampling methodology and storage are 

known to affect biomarker stability126,163 and are suspected to vary slightly among CHILD study 

sites. 

A multi-step forward stepwise model building process was used to identify which 

demographic characteristics (listed in Table 2) were MOST justifiable for inclusion in regression 

models. First, univariable linear regression was used to investigate associations of demographic 

characteristics with serum biomarker levels. Characteristics with a linear regression FDR-

corrected p-value < 0.05 for one or more biomarkers were then evaluated for inclusion in linear 

regression models using the step R function.164 The step function adds variables to linear 

regression models one by one, beginning with the variable demonstrating the lowest univariate 

model p-value, until no variables remain, or until all remaining variables have a p-value larger 

than the specified threshold of 0.15.165 In this study, the step function was used to determine what 

characteristics would be added to models using current HMF status as an independent predictor 

of serum biomarkers found to have significant associations with current HMF status in 

univariable regression analysis. A demographic characteristic was selected for inclusion in 

multivariable regression analysis if it was added to, or met the forward stepwise selection 

criteria, for at least five of seven biomarker models. The final multivariable linear regression 

models included infant sex, study site, and time until blood sample centrifugation. 

Univariable and multivariable linear regression assumptions of multicollinearity and 

homoscedasticity were tested for and met. 
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Logistic Regression: 

To further explore the relationship of current HMF status with infant immune system 

activity and development, the extent to which inflammation-associated biomarkers can 

individually and collectively predict infant current HMF status was determined with logistic 

regression models. Covariate adjustments were applied as described above. All biomarkers 

significantly associated with current HMF status in individual multivariable logistic regression 

were added to one multi-biomarker logistic regression model. 

Receiver operating characteristic curves and respective area under the receiver operating 

characteristic curve (AUC) values were generated and calculated, for all logistic regression 

models using the pROC and plot.roc R functions, respectively.166,167 The ability of a logistic 

regression model to use independent predictors (inflammation-associated biomarkers) to 

correctly predict or discriminate a dependent variable (current HMF status) is reflected by AUC. 

An AUC value has a positive relationship with model performance; therefore, a higher AUC 

indicates more distinction among inflammation-associated biomarker levels.168 The roc.test R 

function used delong and bootstrap methods to test for AUC value differences between 

individual biomarker univariable and multivariable logistic regression models.166 Univariable and 

multivariable logistic regression assumptions of multicollinearity were tested for and met. 

Redundancy Analysis:  

Redundancy analysis (RDA) was performed to indicate the proportion of all included 

inflammation-associated biomarker (n=75) variance explained by infant feeding practice 

variables, as well as other demographic variables. The complete biomarker profile (n=75), except 

FGF-5 (contained 46 NA values), was included in this analysis.  
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Chapter III: Results 

3.1. Study population demographic characteristics 

We studied 605 one-year-old CHILD infants (“full study population”) to investigate the 

association between current HMF status and inflammation-associated serum biomarker levels. A 

subset of infants not currently HMF (n=347, 57.4% of the study population) was used to 

investigate associations with history of HMF variables (HMF duration, exclusive HMF duration, 

and HMF method at three months of age). 

3.1.1. Population characteristics evaluated for inclusion as covariates in analysis 

 Hospital reports and repeated CHILD questionnaires provided data describing study 

population demographic characteristics. These demographic characteristic variables were 

evaluated for inclusion as covariates in statistical analysis.  

As shown in Table 3, the median age at the time of blood sample collection was 12 

months (IQR 12.0-13.0). Full study population infants (57.4% female) were originally enrolled at 

the Vancouver (37.4%), Edmonton (22.3%), Toronto (35.2%), and Manitoba (5.1%) CHILD 

study sites. The majority of these infants had relatively high earning households (29.3% - 

$150,000 or over; 29.9% - $100,000-$149,999). Mothers were predominantly white (74.6%) and 

partnered upon study enrollment (95.2%). The majority (70.0%) of participant blood samples 

were centrifuged on the same day of blood sample collection, though a large range was observed 

in time to centrifugation (median: 2.17 hours (IQR: 0.83 – 17.58)) (Supplementary Figure 1). 

The full study population stopped receiving any HM a median of 2 months (IQR: 0-6.0) before 

the one-year CHILD clinic visit (time since HMF cessation). Demographics were similar in the 
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subset of infants not currently HMF, except for sex (43.2% female), and time since HMF 

cessation (5.0 [3.0-9.0] months). Table 3 outlines the distribution of additional descriptive 

characteristics for both the full study population and subset not currently HMF.  
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Table 3. Population characteristics of the full one-year-old study population (n=605) and 
subset not currently HMF (n=347). These characteristics were evaluated for inclusion as 
covariates in analysis.  
 

Full Study Population 
(n=605) 

Not Currently HMF 
Subset 

 (n=347) 

n 
Mean ± SD, 

Median (IQR), 
or (%) 

n 
Mean ± SD, 

Median (IQR), 
or (%) 

Infant Variables 

Biological sex  
 Male 258 (42.6) 197 (56.8) 
 Female 347 (57.4) 150 (43.2) 
Birth weight, grams 601 3440 (3140-3760) 345 3510 (3140-3780) 
Age at blood sample collection, months 605 12.0 (12.0-13.0) 347 12.0 (12.0-13.0) 
Gestational age, weeks 600 39.0 (38.0-40.0) 344 39.0 (38.0-40.0) 
Infant antibiotic use in the first year of life  
 Yes 123 (20.3) 85 (24.5) 
 No 482 (79.7) 262 (75.5) 
Positive skin prick test at one year of age  
 Yes 92 (15.3) 50 (14.5) 
 No 509 (84.7) 294 (85.5) 
 Missing 4 — 3 — 
Received all routine provincial 
vaccinations at one year of age1  

 Yes 199 (36.7) 123 (40.6) 
 No 343 (63.3) 180 (59.4) 
 Missing 63 — 44 — 
Birth delivery method  
 Caesarean section 147 (24.5) 91 (26.4) 
 Vaginal 454 (75.5) 254 (75.6) 
 Missing 4 — 2 — 

Infant Feeding Practice Variables 
Age at first introduction to formula, 
months 352 1.3 (0-5.0) 269 1.0 (0-4.0) 

Age at first introduction to solids, months 589 5.0 (4.5-6.0) 335 5.0 (4.5-5.0) 
Time since HMF cessation, months 605 2.0 (0-6.0) 347 5.0 (3.0-9.0) 

Household Variables 
Number of different pollution sources 
within 100m of infant home*     
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 0 7 (1.3) 6 (2.0) 
 1 415 (77.1) 234 (77.5) 
 2 76 (14.1) 42 (13.9) 
 3+ 40 (7.4) 20 (6.6) 
 Missing 67 — 45 — 
Older siblings      
 0 319 (52.7) 181 (52.2) 
 1 219 (36.2) 125 (36.0) 
 2+ 67 (11.1) 41 (11.8) 
Household income*     
 $0 - $49,999 36 (6.1) 22 (6.5) 
 $50,000 - $79,999 77 (13.0) 42 (12.4) 
 $80,000 - $99,999 74 (12.5) 42 (12.4) 
 $100,000 - $149,999 177 (29.9) 105 (31.1) 
 $150,000 or over  174 (29.3) 102 (30.2) 
 Prefer not to say 55 (9.3) 25 (7.4) 
 Missing 12 — 9 — 
Household pets with fur*     
 Yes 326 (60.6) 180 (59.6) 
 No 212 (39.4) 122 (40.4) 
 Not Applicable or Missing 67 — 45 — 

Study Variables 
Time until blood sample centrifugation, 
hours 605 2.2 (0.8-17.6) 347 2.6 (0.8-17.8) 

Study site  
 Vancouver 226 (37.4) 105 (30.3) 
 Edmonton 135 (22.3) 87 (25.1) 
 Manitoba 31 (5.1) 15 (4.3) 
 Toronto 213 (35.2) 140 (40.3) 

Family Variables 

Maternal age at time of delivery, years 603 34.0 (31.0-37.0) 346 34.0 (31.0-37.0) 
Maternal marital status**  
 Married or common law 518 (95.2) 289 (94.1) 

 Never been married, divorced, or 
separated 26 (4.8) 18 (5.9) 

 Missing 61 — 40 — 
Maternal years of education**, years 593 17.0 (16.0-19.0) 338 17.0 (15.0-18.0) 
Maternal race  
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Participants with missing data (marked with a —) were not included in percentage calculations. *Data 
collected from the one-year CHILD questionnaire. **Data collected from the 18-week gestation 
questionnaire. 1We suspect many infants have not yet received all provincial routine vaccinations at one 
year of age.  
 

In univariable regression analyses, 16 of the demographic characteristics in Table 3 were 

significantly associated with at least one inflammation-associated biomarker (infant sex, age at 

first introduction to solids, age at first introduction to formula, age at blood sample collection, 

time since HMF cessation and vaccination; maternal age, race, atopy, body mass index, alcohol 

consumption, years of education, and marital status; paternal atopy; household pets; study site; 

time until blood sample centrifugation) (Supplementary Figure 5). Of the associated 

 Asian 109 (18.0) 62 (17.9) 
 
 White 445 (73.6) 255 (73.5) 

 First Nations 16 (2.6) 9 (2.6) 
 Other 35 (5.8) 21 (6.0) 
Maternal cigarette smoking status**  
 Yes 51 (8.6) 34 (10.0) 
 No 544 (91.4) 305 (90.0) 
 Missing 10 — 8 — 
Maternal second-hand smoke exposure**  
 Yes 60 (10.1) 36 (10.6) 
 No 535 (89.9) 303 (89.4) 
 Missing 10 — 8 — 
Daily maternal alcohol consumption**, 
grams 559 0.02 (0.01-0.05) 316 0.02 (0.01-0.05) 

Maternal diet quality*, healthy eating 
index score 559 75.1 (69.4-80.0) 316 74.2 (68.5-79.3) 

Maternal body mass index*, kg/m2 589 22.7 (20.8-25.8) 337 22.9 (21.0-26.9) 
Maternal atopy (positive skin prick test)*  
 Yes 395 (65.8) 228 (66.3) 
 No 205 (34.2) 116 (33.7) 
 Missing 5 — 3 — 
Paternal atopy (positive skin prick test)*  
 Yes 340 (70.4) 187 (69.5) 
 No 143 (29.6) 82 (30.5) 
 Missing 122 — 78 — 
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demographic characteristics, time until blood sample centrifugation was the lone variable that 

satisfied forward stepwise selection requirements, warranting its addition to all regression 

models in subsequent analyses (Supplementary Table 1, Supplementary Figure 1). We 

additionally included sex and study site in multivariable regression models based on literature 

and suspected study site methodology variation, respectively. 

3.1.2. Infant feeding practice characteristics 

As shown in Table 4, in the full study population, the median duration of HMF was 11.0 

months (IQR: 7.0-12.0) and 4.5 months (IQR: 0.8-5.0) for exclusive HMF. In the subset not 

currently HMF, the median duration of HMF was 8.0 months (IQR: 4.0-10.0) and 2.0 months 

(IQR: 0.3-4.5) for exclusive HMF. 18 infants did not receive any HM before their one-year 

CHILD clinic visit. Approximately half of the full population were exclusively receiving HM at 

three months of age (53.7%). At three months of age, more infants were fed a combination of 

HM directly from the breast and pumped milk from bottles (35.4%), than exclusively from the 

breast (28.3%). Remaining infants received a combination of HM and formula (24.6%), or 

exclusively formula (10.9%).  Unsurprisingly, infants not currently HMF had relatively lower 

rates of exclusive HMF (45.6%) and relatively lower rates of exclusive HMF from the breast 

(17.6%) or direct and expressed HMF (28.0%), as well as relatively higher rates of receiving a 

combination of HM and formula (34.3%) and exclusive formula feeding (19.0%) at three months 

of age. 
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Table 4. Infant feeding practice characteristics of the full one-year-old study population 
(n=605) and subset not currently HMF (n=347). 

 Full Study Population 
(n=605) 

Not Currently HMF 
Subset 

(n=347) 

 n 
Mean ± SD, 

Median (IQR), 
or (%) 

n 
Mean ± SD, 

Median (IQR), 
or (%) 

Current HM Feeding Status  

HMF at blood sample collection1  

 Yes 258 (42.6) 0 (0) 
 No 347 (57.4) 347 (100) 

History of HMF 

HMF duration2  

 Continuous HMF Duration, months 605 11.0 (7.0-12.0) 347 8.0 (4.0-10.0) 

 Categorical HMF duration 
(two-month intervals)  

  0 18 (3.0) 18 (5.2) 
  0 - ≤2 39 (6.4) 39 (11.2) 
  2 - ≤4 32 (5.3) 32 (9.2) 
  4 - ≤6 49 (8.1) 49 (14.1) 
  6 - ≤8 68 (11.2) 68 (19.6) 
  8 - ≤10 64 (10.6) 63 (18.2) 
  >10 335 (55.4) 78 (22.5) 

 Categorical HMF duration  
(three-month intervals)  

  0 18 (3.0) 18 (5.2) 
  0 - ≤3 61 (10.1) 61 (17.6) 
  3 - ≤6 59 (9.8) 59 (17.0) 
  6 - ≤9 103 (17.0) 103 (29.7) 
  >9 364 (60.2) 106 (30.5) 

 Categorical HMF duration  
(four-month intervals)  

  0 18 (3.0) 18 (5.2) 
  0 - ≤4 71 (11.7) 71 (20.5) 
  4 - ≤8 117 (19.3) 117 (33.7) 
  >8 399 (66.0) 141 (40.6) 

Exclusive HMF duration  

 Continuous exclusive HMF duration, 
months 596 4.5 (0.8-5.0) 342 2 (0.3-4.5) 
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 Categorical exclusive HMF duration 
(two-month intervals)  

  0 89 (14.9) 78 (22.8) 
  0 - ≤2 121 (20.3) 103 (30.1) 
  2 - ≤4 81 (13.6) 54 (15.8) 
  >4 305 (51.2) 107 (31.3) 
  Missing 9 — 5 — 

 Categorical exclusive HMF duration 
(three-month intervals)  

  0 89 (14.9) 78 (22.8) 
  0 - ≤3 146 (24.5) 120 (35.1) 
  >3 361 (60.6) 144 (42.1) 
  Missing 9 — 5 — 

HMF method at three months of age  

 Formula feeding only 66 (10.9) 66 (19.0) 
 HMF and formula feeding 149 (24.6) 119 (34.3) 

 HMF directly from the breast and 
through pumped and bottled milk 214 (35.4) 97 (28.0) 

 Direct HMF only 171 (28.3) 61 (17.6) 
 Missing 5 — 4 — 

1Blood sample collection completed at the one-year CHILD clinic visit. 2Duration at the time of one-year 
CHILD clinic visit. 
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3.2. Inflammation-associated biomarker distributions 

Olink biomarker measures were standardized (converted to z-scores) to enhance 

biomarker analysis comparison. Histogram review and Kolmogorov-Smirnov test results of 

standardized biomarker measures indicate the majority (49/76 - 65%) of biomarkers were 

approximately normally distributed (Figure 3, Table 5). 
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Figure 3. Standardized normalized protein expression (NPX) of inflammation-associated 
serum biomarkers among one-year-old CHILD cohort infants (full study population, 
n=605). Biomarkers were measured using the Olink Target 96 Inflammation panel. Full 
biomarker names can be found in Table 5. 
 
  



 
 
51 
 

Table 5. Olink Target 96 Inflammation panel biomarker descriptive statistics for one-year-
old CHILD cohort infants (full study population, n=605).  

Abbreviation Biomarker name 
Mean ± SD 

or 
Median (IQR) 

Range 

Kolmogorov-
Smirnov 

Normality 
Test 

P-values 

4E-BP1 Eukaryotic translation initiation 
factor 4E-binding protein 1 8.68 ± 1.16 6.11 - 11.58 0.11 

ADA Adenosine Deaminase 5.79 ± 0.45 4.03 - 7.76 0.10 
ARTN Artemin — — — 
AXIN1 Axin-1 3.90 ± 0.81 1.91 - 6.85 0.20 
β-NGF Beta-nerve growth factor — — — 

CASP-8 Caspase-8 3.13 (2.27 – 4.11) 1.31 - 6.50 <0.01 
CCL11 Eotaxin 7.62 ± 0.41 6.32 - 8.77 0.99 
CCL19 C-C motif chemokine 19 9.65 ± 0.66 7.80 - 12.58 0.26 
CCL20 C-C motif chemokine 20 8.04 (7.56 – 8.55) 6.40 - 13.66 <0.01 
CCL23 C-C motif chemokine 23 9.71 ± 0.46 7.61 - 11.26 0.26 
CCL25 C-C motif chemokine 25 6.37 ± 0.49 4.92 - 8.19 0.11 
CCL28 C-C motif chemokine 28 2.36 ± 0.49 1.29 - 4.32 0.43 
CCL3 C-C motif chemokine 3 6.76 (6.06 – 7.95) 4.61 - 13.83 <0.01 
CCL4 C-C motif chemokine 4 7.82 (7.39 – 8.44) 6.12 - 12.72 <0.01 
CD244 Natural killer cell receptor 2B4 6.07 ± 0.36 4.76 - 8.91 0.40 
CD40 CD40L receptor 11.68 ± 0.55 10.10 - 12.94 0.11 

CD5 T-cell surface glycoprotein 
CD5 6.61 ± 0.31 5.63 - 7.93 0.79 

CD6 T cell surface glycoprotein CD6 
isoform 7.09 ± 0.50 5.82 - 9.08 0.64 

CD8A T-cell surface glycoprotein 
CD8 alpha chain 9.82 ± 0.55 7.93 - 11.70 0.99 

CDCP1 CUB domain-containing 
protein 1 1.64 (1.42 – 1.92) 0.66 - 3.31 0.01 

CSF-1 Macrophage colony-stimulating 
factor 1 9.80 ± 0.21 9.16 - 10.46 0.43 

CST5 Cystatin D 6.31 ± 0.60 4.89 - 8.55 0.11 
CX3CL1 Fractalkine 3.72 ± 0.34 2.76 - 5.05 0.75 
CXCL1 C-X-C motif chemokine 1 11.14 ± 0.62 9.33 - 13.86 0.07 

CXCL10 C-X-C motif chemokine 10 10.04 (9.41 – 10.91) 8.15 - 14.25 <0.01 
CXCL11 C-X-C motif chemokine 11 8.11 (7.54 – 8.90) 5.87 - 13.02 <0.01 
CXCL5 C-X-C motif chemokine 5 12.60 ± 0.60 10.27 - 13.76 0.39 
CXCL6 C-X-C motif chemokine 6 9.67 ± 0.58 7.87 - 11.68 0.98 
CXCL9 C-X-C motif chemokine 9 6.89 (6.41 – 7.53) 5.20 - 10.59 <0.01 

DNER Delta and Notch-like epidermal 
growth factor-related receptor 9.20 ± 0.16 8.70 - 9.68 0.67 

EN-RAGE Protein S100-A12 6.51 ± 1.06 3.64 - 9.45 0.81 
FGF-19 Fibroblast growth factor 19 8.24 ± 1.04 4.55 - 11.12 0.81 
FGF-21 Fibroblast growth factor 21 2.53 (1.76 – 3.45) 0.71 - 8.71 0.01 
FGF-23 Fibroblast growth factor 23 0.67 (0.49 – 0.93) 0.09 - 2.80 <0.01 
FGF-5* Fibroblast growth factor 5 0.72 (0.60 – 0.84) 0.24 – 3.80 <0.01 
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Flt3L Fms-related tyrosine kinase 3 
ligand 8.16 ± 0.38 6.91 - 9.65 0.99 

GDNF Glial cell line-derived 
neurotrophic factor — —  

HGF Hepatocyte growth factor 9.01 ± 0.47 7.79 - 10.59 0.36 
IFN-𝛄  Interferon gamma 7.75 (7.25 – 8.73) 6.13 - 14.19 <0.01 
IL-1⍺ Interleukin-1 alpha — —  
IL-10 Interleukin-10 4.49 (4.14 – 5.06) 3.20 - 9.64 <0.01 

IL-10RA Interleukin-10 receptor 
subunit alpha 0.90 (0.64 – 1.27) 0.41 - 5.70 <0.01 

IL-10RB Interleukin-10 receptor subunit 
beta 6.19 ± 0.31 5.33 - 6.78 0.83 

IL-12B Interleukin-12 subunit beta 7.65 ± 0.45 6.37 - 9.18 0.81 
IL-13 Interleukin-13 — —  

IL-15RA Interleukin-15 receptor subunit 
alpha 1.30 ± 0.29 0.36 - 2.36 0.75 

IL-17A Interleukin-17A 2.39 (2.01 – 2.93) 0.99 - 6.96 <0.01 
IL-17C Interleukin-17C 3.62 (1.95 – 8.25) 1.95 - 8.25 0.02 
IL-18 Interleukin-18 8.79 ± 0.60 7.36 - 11.35 0.18 

IL-18R1 Interleukin-18 receptor 1 8.10 ± 0.37 7.12 - 9.51 0.23 
IL-2 Interleukin-2 — — — 
IL-20 Interleukin-20 — — — 

IL-20RA Interleukin-20 receptor subunit 
alpha — — — 

IL-22-RA1 Interleukin-22 receptor subunit 
alpha-1 — — — 

IL-24 Interleukin-24 — — — 

IL-2RB Interleukin-2 receptor subunit 
beta — — — 

IL-33 Interleukin-33 — — — 
IL-4 Interleukin-4 0.56 (0.42 – 0.86) 0.35 - 4.53 <0.01 
IL-5 Interleukin-5 — — — 
IL-6 Interleukin-6 1.80 (1.37 – 2.91) 1.00 - 12.83 <0.01 
IL-7 Interleukin-7 2.28 ± 0.43 1.31 - 4.50 0.11 
IL-8 Interleukin-8 9.12 (6.24 – 12.14) 4.38 - 15.08 <0.01 

LAP TGF-β-1 
Latency-associated peptide 
transforming growth factor 

beta-1 
7.04 ± 0.37 5.85 - 8.63 0.76 

LIF Leukemia inhibitory factor — — — 

LIFR Leukemia inhibitory factor 
receptor 3.64 ± 0.22 3.11 - 5.56 0.47 

MCP-1 Monocyte chemotactic 
protein 1 12.44 (12.06 – 12.88) 10.74 - 15.46 <0.01 

MCP-2 Monocyte chemotactic 
protein 2 8.79 (8.37 – 9.35) 5.98 - 13.27 <0.01 

MCP-3 Monocyte chemotactic 
protein 3 2.74 (2.07 – 5.60) 1.10 - 11.79 <0.01 

MCP-4 Monocyte chemotactic  
protein 4 14.80 ± 0.59 12.71 - 16.54 0.79 

MMP-1 Matrix metalloproteinase-1 14.23 ± 0.88 10.61 - 16.43 0.81 
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MMP-10 Matrix metalloproteinase-10 9.58 ± 0.75 7.52 - 11.99 0.20 
NRTN Neurturin — — — 
NT-3 Neurotrophin-3 2.35 ± 0.29 1.28 – 4.00 0.59 
OPG Osteoprotegerin 9.96 ± 0.30 8.96 - 11.43 0.98 
OSM Oncostatin-M 6.94 (5.81 – 8.41) 3.57 - 11.95 0.01 

PD-L1 Programmed cell death 1 
ligand 1 4.89 (4.69 – 5.15) 4.03 - 6.77 0.03 

SCF Stem cell factor 9.07 (8.75 – 9.33) 6.25 - 9.86 <0.01 
SIRT2 SIR2-like protein 2 5.27 ± 0.88 2.78 - 8.73 0.11 

SLAMF1 Signaling lymphocytic 
activation molecule 1.56 ± 0.32 1.03 - 2.85 0.11 

ST1A1 Sulfotransferase 1A1 5.01 (4.33 – 5.54) 1.22 - 6.84 0.01 
STAMBP STAM-binding protein 5.09 ± 0.72 3.30 - 8.71 0.05 

TGF-⍺ Transforming growth factor 
alpha      3.85 ± 0.61 2.41 - 6.28 0.39 

TNF Tumor necrosis factor 3.48 (3.18 – 3.83) 2.26 - 9.39 <0.01 
TNFB TNF-beta 6.20 ± 0.45 4.61 - 7.53 0.11 

TNFRSF9 Tumor necrosis factor receptor 
superfamily member 9 8.20 ± 0.29 7.24 - 9.17 0.99 

TNFSF14 Tumor necrosis factor ligand 
superfamily member 14 6.85 ± 0.91 4.31 - 9.29 0.52 

TRAIL TNF-related apoptosis-inducing 
ligand 7.60 ± 0.32 6.81 - 9.08 0.44 

TRANCE TNF-related activation-induced 
cytokine 6.20 ± 0.52 3.61 - 7.53 0.28 

TSLP Thymic stromal lymphopoietin — — — 

TWEAK Tumor necrosis factor (Ligand) 
superfamily, member 12 9.06 ± 0.29 8.14 - 9.84 0.71 

uPA Urokinase-type plasminogen 
activator 10.23 ± 0.30 9.10 - 11.40 0.19 

VEGFA Vascular endothelial growth 
factor-A 11.51 ± 0.61 9.87 - 13.33 0.14 

*45 participant samples had NA values for FGF-5. Untransformed normalized protein expression 
(NPX) data was used to obtain mean or median values and data range. Standardized NPX data 
was used to obtain Kolmogorov-Smirnov normality test results. NPX values cannot be compared 
between biomarkers. The Benjamini-Hochberg method was used in the FDR p-value correction 
of Kolmogorov-Smirnov test results. Bolded results had FDR-corrected Kolmogorov-Smirnov 
test p-values<0.05 indicating non-normality. Biomarkers highlighted in grey had >50% of 
participant samples below the limit of detection and were excluded from analysis.  
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3.3. Investigating the association between infant current HMF status and inflammation-

associated biomarker levels  

3.3.1. Serum biomarker levels differ according to current HMF status 

Serum biomarker level differences between current HMF status groups were determined 

by using current HMF status to predict serum biomarker levels in univariable linear regression. 

Of the 76 biomarkers tested, six (CCL20, CD244, CXCL6, FGF-21, IL-10RB, and TRANCE) 

were significantly higher in HMF infants, and one (EN-RAGE) was significantly lower (all FDR 

p-values <0.05) (Figure 4, Supplementary Table 2). The strongest association, or largest 

difference in biomarker level according to current HMF status, was observed for FGF-21 (mean 

0.32 +/- 1.06 standardized NPX in currently HMF infants vs -0.23 +/- 0.89 in not currently HMF 

infants, FDR-p<0.001; standardized β-coefficient 0.56, 95% CI: 0.40 – 0.71), with other 

standardized β-coefficients ranging from -0.29 to 0.36. Notably, IL-10RB, TRANCE, and EN-

RAGE became marginally associated with current HMF status (adjusted p-values 0.06, 0.07, and 

0.12 respectively) after adjusting for covariates (time until blood sample centrifugation, sex, and 

study site) (Figure 4A, Supplementary Table 2), suggesting potential confounding of these 

relationships. No biomarkers became significant (p>0.05 → p<0.05) upon covariate adjustment. 

The FGF-21 standardized β-coefficient remained highest among all significant biomarkers after 

covariate adjustment (0.56, 95% CI: 0.41 – 0.72). Ordering biomarkers according to hierarchical 

clustering analysis results (Supplementary Figure 4) show current HMF status may be 

associated with biomarker clusters (Supplementary Figure 6).
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Figure 4. Associations between current HMF status and inflammation-associated serum biomarkers measured in one-year-old 
CHILD cohort infants (full study population, n=605). (A) Standardized β-coefficients obtained from univariable and multivariable 
(adjusted for time until blood sample centrifugation, study site, and infant sex) linear regression models that used infant current HMF 
status to predict serum biomarker level. All p-values were FDR-corrected using the Benjamini-Hochberg method. ~p<0.1, *p<0.05, 
**p<0.01. (B) Differences in standardized NPX biomarker measures for biomarkers with significant results in univariable or 
multivariable regression models. 
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3.3.2. Inflammation-associated serum biomarker measures can predict infant current HMF 

status      

Serum biomarker level differences between current HMF status groups were further 

investigated by evaluating the extent to which serum biomarkers can correctly predict infant 

current HMF status. This was evaluated using logistic regression models and corresponding 

receiver operating characteristic (ROC) curves. As expected, based on linear regression results, 

CCL20, CD244, CXCL6, EN-RAGE, and FGF-21 serum levels were significant predictors of 

infant current HMF status in univariable logistic regression models (Figure 5, Supplementary 

Table 3). FGF-21 had the highest odds ratio (1.71, 95% CI: 1.38 – 2.12) of all measured 

biomarkers – indicating a one standard deviation increase in serum FGF-21 level leads to a 1.7-

fold increased likelihood of an infant currently receiving HM. All significant biomarkers (in 

univariable logistic regression), except EN-RAGE, had an odds ratio >1, indicating an increase 

in biomarker level is associated with current HMF status. CXCL6 and EN-RAGE were no longer 

significantly associated with current HMF status after adjusting for covariates.  No biomarkers 

became significant (p>0.05 → p <0.05) upon covariate adjustment. 

FGF-21 had the highest univariable logistic regression model area under the ROC curve 

(AUC) value (0.69, 95% CI: 0.62 – 0.77) of all measured biomarkers (Figure 6). This biomarker 

AUC is considered “poor/fair” at predicting current HMF status, according to a guide on using 

biomarkers in diagnostic testing.169 This indicates FGF-21 serum levels are best at correctly 

predicting an infant’s current HMF status, among all measured biomarkers. The AUC value for 

all significant biomarker logistic regression models, except CCL20, decreased upon covariate 

adjustment. Differences in multivariable and univariable model AUC values were not significant 

for any biomarkers (Supplementary Table 4). A logistic regression model incorporating the five 
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biomarkers significant in univariable logistic regression to predict infant current HMF status had 

an AUC value (univariable: 0.74 (95% CI: 0.66-0.81); multivariable: 0.70 (95% CI: 0.62-0.78)) 

higher than the best independent biomarker model AUC value (FGF-21 – univariable: 0.69 (95% 

CI: 0.62-0.77); multivariable: 0.67 (95% CI: 0.59-0.75)). This AUC is considered “fair” and 

indicates biomarkers have partially independent predictive abilities and are collectively better at 

predicting current HMF status, than any biomarker alone. A logistic regression model using all 

principal components derived from a principal component analysis of all 76 biomarkers to 

predict infant current HMF status had an AUC value (univariable: 0.63 (95% CI: 0.55-0.72); 

multivariable: 0.63 (95% CI: 0.54-0.71) lower than the logistic regression model that used all 

five significant biomarkers as independent predictors of infant current HMF status 

(Supplementary Figure 7).   
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Figure 5. Associations of infant serum biomarker levels with current HMF status in one-
year-old CHILD cohort infants (full study population, n=605). Results from univariable and 
multivariable (adjusting for time until blood sample centrifugation, sex, and study site) logistic 
regression models that use biomarker levels, independently, to predict infant current HMF status. 
The not currently HMF group was used as reference. Odds ratios are per one standard deviation 
increase of standardized biomarker level. The Benjamini-Hochberg method was used for FDR p-
value correction. *p<0.05, **p<0.01. 



 
 
59 
 

 
Figure 6. Associations of CCL20, CD244, CXCL6, EN-RAGE, FGF-21, and all five biomarkers collectively, with current HMF 
status of one-year-old CHILD cohort infants (full study population, n=605). Figures show receiver operating characteristic (ROC) 
curves and respective area under the ROC curve (AUC) values for logistic regression models that used biomarkers (CCL20, CD244, 
CXCL6, EN-RAGE and FGF-21), individually and together, to predict infant current HMF status.
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3.4. Investigating the association between history of HMF and inflammation-associated 

biomarker levels 

Similar to the investigation of current HMF status, univariable linear regression models 

were used to investigate the association between history of HMF (HMF duration, exclusive HMF 

duration, and HMF method at three months of age) and inflammation-associated biomarker 

levels. History of HMF variables were individually used as predictors of serum biomarker levels 

in these models. Exclusive HMF duration and HMF duration were evaluated in both continuous 

and categorical variable forms. Overall, in contrast to current HMF status, history of HMF 

variables had little or no association with biomarker levels.  

Continuous HMF duration and exclusive HMF duration had a marginally significant (p 

<0.1) positive association with IL-7 serum levels in univariable linear regression (Figure 7, 

Supplementary Table 5, Supplementary Table 6). The standardized β-coefficient for IL-7 was 

larger for exclusive HMF duration (0.08, 95% CI: 0.03 – 0.13) compared to HMF duration (0.05, 

95% CI: 0.02 – 0.07). These variables did not have any other significant or marginally significant 

(p<0.1) associations with any other measured biomarker levels in univariable linear regression. 

Exclusive HMF duration lost marginal significance with IL-7 (p<0.1 → p>0.1) after covariates 

were added as predictors to linear regression models.  

The two- or three-month interval categorical HMF duration variables (infants grouped in 

intervals of two months and three months of HMF) were not significant predictors of any 

measured biomarker levels in univariable or multivariable linear regression models 

(Supplementary Figure 8, Supplementary Figure 9, Supplementary Table 7, 

Supplementary Table 8). A significant association was observed between the four-month 
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categorical HMF duration variable (infants grouped in intervals of four months of HMF) and IL-

7 serum levels. Mean serum IL-7 levels were lower in infants that were HMF for 0 - ≤4 months 

compared to infants that were HMF for >8 months HMF (univariable: standardized β: -0.56 

(95% CI: -0.84 - -0.27), p<0.05; multivariable: standardized β: -0.59 (95% CI: -0.87 - -0.31), p 

<0.01) (Figure 8, Supplementary Table 9). Mean IL-7 serum levels were also lower for infants 

that stopped receiving HM >5 months before one-year blood draw in comparison to infants that 

stopped receiving HM ≤5 months before one-year blood draw and infants that were still 

receiving HM at one-year CHILD blood draw (Figure 9).  

The two- or three-month interval categorical exclusive HMF duration variables (infants 

grouped in intervals of two months and three months of exclusive HMF) were not significant 

predictors of any measured biomarker levels in univariable or multivariable linear regression 

(Supplementary Figure 10, Supplementary Figure 11, Supplementary Table 10, 

Supplementary Table 11). 

HMF method at three months of age was not a significant predictor of any measured 

biomarker levels in univariable or multivariable linear regression (Figure 10, Supplementary 

Table 12).
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Figure 7. Associations of both continuous HMF duration and continuous exclusive HMF duration with inflammation-
associated serum biomarkers measured in one-year-old CHILD cohort infants (not currently HMF subset, n=347). Results are 
standardized β-coefficients obtained from univariable and multivariable (adjusted for time until blood sample centrifugation, study 
site, and infant sex) linear regression models predicting biomarker level using either continuous HMF duration or continuous 
exclusive HMF duration. All p-values were FDR-corrected using the Benjamini-Hochberg method. ~p<0.1, *p<0.05, **p<0.01.
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Figure 8. Associations between categorical HMF duration (grouped into four-month intervals) and inflammation-associated 
serum biomarkers measured in one-year-old CHILD cohort infants (not currently HMF subset, n=347). Results are 
standardized β-coefficients obtained from univariable and multivariable (adjusting for time until blood sample centrifugation, study 
site, and sex) linear regression models that predicted individual biomarker level with categorical HMF duration (grouped into four-
month intervals). The Benjamini-Hochberg method was used for FDR p-value correction. ~p<0.1, *p<0.05, **p<0.01. 
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Figure 9. The relationship of IL-7 with time since HMF cessation for CHILD cohort infants <14 months of age (n=599). (A) 
Standardized IL-7 levels for infants receiving HM for ≤ five months, infants receiving HM for >five months, but not at blood sample 
collection, and infants receiving HM at blood sample collection. (B) Standardized IL-7 levels and time since HMF cessation of infants 
included in this current study. *p<0.05, **p<0.01, ANOVA and Tukey HSD test. Study infants were excluded from these figures if 
they were ≥ 14 months of age at the one-year CHILD clinic visit.
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Figure 10. Associations between HMF method at three months of age and inflammation-associated serum biomarkers 
measured in one-year-old CHILD cohort infants (not currently HMF subset, n=347). Results are standardized β-coefficients 
obtained from univariable and multivariable (adjusting for time until blood sample centrifugation, study site, and sex) linear regression 
models that predicted individual biomarker level with HMF method at three months of age. The Benjamini-Hochberg method was 
used for FDR p-value correction. ~p<0.1, *p<0.05, **p<0.01. No significant associations were observed after FDR correction. 
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3.5. Current HMF status, but not history of HMF, accounts for inflammation-associated 

biomarker variation 

Redundancy analysis indicated current HMF status was significantly associated with the 

cumulative variation of all Olink biomarkers (R2 - 0.48% variance explained, p<0.05) (Table 6). 

This proportion was comparable to that explained by sex (R2 - 0.40%, p<0.05), age at blood 

sample collection (R2 - 0.42%, p<0.05),  vaccinations (R2 - 0.65%, p<0.01), age at first 

introduction to solids (R2 - 0.46%, p<0.05), household pets with fur (R2 - 0.44%, p<0.01),  

maternal marital status (R2 - 0.72%, p<0.05), and maternal years of education (R2 - 0.33%, 

p<0.05). History of HMF variables (HMF duration, exclusive HMF duration, and HMF method 

at three months of age) were not significantly associated (all p>0.05) with the cumulative 

variation of all Olink biomarkers. Notably, maternal race (R2 – 1.21%, p<0.01), study site (R2 – 

2.92%, p<0.001) and time until blood sample centrifugation (R2 - 6.34%, p<0.001) accounted for 

the largest proportion of all Olink biomarker variance. A redundancy analysis model that 

combined all variables found to be significant in univariable redundancy analysis accounted for 

12.48% of all Olink biomarker variance. 
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Table 6. Associations of infant, household, study, and family variables with the cumulative 
variation of Olink biomarker measures in one-year-old CHILD cohort infants (full study 
population, n=605). Redundancy analysis values (R2) indicate the percent (%) of total variation 
explained by each individual variable. Shading reflects magnitude of R2. The Benjamini-
Hochberg method was used for FDR p-value correction. ~p<0.10, *p<0.05, **p<0.01, 
***p<0.001.  

Univariable Analysis 
Biomarkers  

(n=75)1 
R2 (%) p 

Infant Feeding Practice Variables    
Current HMF status 0.48 * 

HMF duration2 0.33  
Exclusive HMF duration2 0.28  

HMF method at three months of age2 0.84  
Age at first introduction to formula 0.38  
   Age at first introduction to solids 0.46 * 

Time since HMF cessation 0.43 * 
Infant Variables   

Biological sex 0.40  * 
Birth weight 0.17  

Age at blood sample collection 0.42 * 
Gestational age 0.25  

Infant antibiotic use in the first year of life 0.14  
Positive skin prick test at one year of age 0.18  

Received all routine provincial vaccinations at one year of age 0.65 ** 
Birth delivery method 0.16  
Household Variables   

Number of different pollution sources within 100m of infant home 0.45  
Participant older siblings 0.21  

Household income 0.92  
Household pets with fur 0.44 * 

Study Variables   
Time until blood sample centrifugation 6.34 *** 

Study site 2.28 *** 
Family Variables   

Maternal age at time of delivery 0.28  
Maternal marital status 0.53 ** 

Maternal years of education 0.33 * 
Maternal race 1.21 ** 

Maternal cigarette smoking status 0.17  
Maternal second-hand smoking exposure 0.19  

Daily maternal alcohol consumption 0.28  
Maternal diet quality 0.18  

Maternal body mass index 0.23  
Maternal positive skin prick test 0.21  
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Paternal positive skin prick test 0.18  

Multivariable Analysis 

All variables significant in univariable RDA  12.24 *** 
1FGF-5 was excluded due to NA data for 45 participant samples. 2Investigated using the subset 
of infants not currently HMF (n=347).  
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Chapter IV: Discussion 

Compared to formula feeding, human milk feeding (HMF) has been associated with a 

decreased risk of respiratory infections in infancy, asthma, obesity, diabetes, and inflammatory 

bowel disease (IBD).1 These associations have been attributed, at least in part, to the presence of 

compounds within HM that are thought to support infant immune system activity and 

development (e.g. cytokines, chemokines, immune cells, microbiota, miRNAs, 

immunoglobulins, enzymes).1 However, despite these established associations and generally 

accepted hypotheses, the association of HMF status and history with infant immune system 

activity and development is not well understood.  

This thesis research investigated the association of both current HMF status (HMF at 

blood sample collection) and history of HMF (HMF duration, exclusive HMF duration, HMF 

method at three months of age) with inflammation-associated biomarker levels in one-year-old 

infants. This cross-sectional investigation provides insight on the potential influence of i) current 

HMF on immune system activities of one-year-old infants, and ii) history of HMF on immune 

system development in the first year of life. To our knowledge, this is the first cohort study to 

investigate associations between a panel of inflammation-associated serum biomarkers and these 

infant feeding practices.  

4.1. Interpreting associations between infant current HMF status and inflammation-

associated serum biomarkers 

Univariable linear regression analysis results show infants receiving HM had 

significantly higher CCL20, CD244, CXCL6, FGF-21, IL-10RB, and TRANCE serum levels, 

and significantly lower EN-RAGE serum levels, in comparison to infants not receiving HM. 
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Notably, associations with IL-10RB, TRANCE, and EN-RAGE lost significance upon 

covariate adjustment, suggesting covariates explain some of the biomarker variation initially 

associated with current HMF status in univariable linear regression. These biomarkers and their 

biological functions are discussed individually below. While several are known to be present in 

HM (CCL20,170 CD244,1 CXCL6,171 FGF-21172), it was not possible in our study to determine 

their origin (i.e. maternal or infant) in the serum samples analyzed. It is unknown if these HM-

derived biomarkers can permeate intestinal barriers and enter the infant blood stream, although 

this has been observed for HM immune cells (e.g. T and B cells) and similar biomolecules (e.g. 

TGF-β).1 It is important to note variation in early life intestinal barrier permeability,1 or other 

early life physiology changes, may influence the degree of HM biomolecule permeation. 

CCL20 (Chemokine C-C motif ligand 20) serum level was significantly higher in infants 

currently receiving HM. CCL20 is a chemokine constitutively expressed and regulated by the 

intestinal epithelium.173 It is also present at relatively high levels, compared to other 

biomolecules, in HM (~200-1800 pg/mL). The concentration of CCL20 is highest in colostrum 

and gradually decreases until weaning.170 Thus, maternal CCL20 derived from HM ingested by 

the infant may account for the higher CCL20 serum levels observed among HMF infants in our 

study. It is also possible that HM upregulates infant CCL20 production through upstream 

mechanisms, yet no research, to our knowledge, has examined this possibility.  

CCL20 is the sole ligand of CCR6 – a receptor expressed on Th17 cells, Tregs, B cells, 

immature dendritic cells, and weakly on neutrophils.174,175 If CCL20 is provided to an infant 

through HM, it can be assumed that CCL20 concentrations are high near the intestine of infants 

receiving HM. This indicates infants currently receiving HM may have an increased recruitment 

of CCR6 expressing immune cells to the gut, and subsequently, more gut antigen-immune cell 
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interactions.172 An increase in the number of antigen-presenting immature dendritic cells, 

inflammatory effector Th17 cells, and suppressive Treg cells near the gut could have mixed 

outcomes for an infant. The Th17:Treg, or pro-inflammatory : anti-inflammatory activity ratio, 

depends on cell abundance and level of activation, as well as the milieu of cytokines and 

biomolecules in a given microenvironment.176 Given the neutralizing and anti-inflammatory 

properties of HM,1 I speculate an increase in immune cell recruitment to the gut of HMF infants 

does not have inflammatory consequences. Immature dendritic cells are known to induce 

immunosuppressive Treg differentiation and coinhibitory CTLA-4 or PD-1 molecule expression 

on activated T cells.177 Furthermore, infants receiving HM have higher Treg levels relative to 

infants receiving formula.96 This suggests that, if HM-provided CCL20 leads to an increase in the 

recruitment of CCR6 expressing immune cells to the gut, the resultant environment is likely to be 

more anti-inflammatory compared to infants not receiving HMF. To our knowledge, gut mucosal 

site and lamina propria inflammation-associated biomarker milieu and immune cell abundance, 

subtype, and activation level differences have not yet been comprehensively investigated 

between infants or animal models receiving and not receiving breastmilk.  

Interestingly, 2’-fucosyllactose and 6’-sialyllactose – abundant HM oligosaccharides – 

inhibit CCL20 release in antigen-antibody complex stimulated intestinal epithelial cell lines.178 

Furthermore, Bifidobacterium infantis, a species enriched in the gut microbiome of HMF infants, 

has been shown to attenuate baseline secretion of CCL20 in human intestinal epithelial cells.179 

This suggests HM may inhibit infant epithelial cell CCL20 release while simultaneously 

providing an infant with CCL20. Infant CCL20 expression and subsequent immune cell 

migration is known to be induced by inflammatory cytokines and in response to inflammatory 

stimuli (e.g. lipopolysaccharide).180,181 Furthermore, epithelial cell CCL20 release is accompanied 
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by the release of other pro-inflammatory biomolecules (e.g. TNF-⍺).182	Given this, I speculate 

HM may create an environment with high HM-provided CCL20 levels, but low levels of 

epithelial cell inflammatory activity. This may induce recruitment, but not activation, of immune 

cells to the gut.  

CD244 (cluster of differentiation 244, 2B4) serum level was significantly higher in 

infants currently receiving HM. CD244 is a signaling lymphocytic activation molecule 

immunoregulatory transmembrane receptor expressed on NK cells, certain T cell subsets, 

dendritic cells, and myeloid-derived suppressor cells.183 Transmembrane proteins, while 

detectable in serum, are present in relatively low abundance compared to proteins without 

transmembrane components.184 No soluble version of CD244 has been identified. 

HM contains CD244 expressing lymphocytes, NK cells, dendritic cells, and myeloid-derived 

suppressor cells; however, the abundance of CD244-expressing cells in HM has not been studied 

directly.1,185 HM immune cells have been proven capable of permeating an infant intestinal 

membrane1; therefore, the presence of HM CD244 expressing cells in an infant bloodstream may 

account for the higher CD244 serum levels in infants currently receiving HM. HM may also 

upregulate CD244 expression on existing immune cells, support the proliferation of CD244 

expressing immune cells, or induce differentiation into CD244 expressing immune cells. These 

alternate scenarios may also explain the increase in CD244 serum level observed in infants 

currently receiving HM. To our knowledge, no studies have investigated these scenarios; 

however, infants receiving HM have a higher number of CD244 expressing Tregs, compared to 

infants receiving formula.96 Determining if higher Treg, or other immune cell (e.g. NK cell), 

numbers are responsible for the higher CD244 serum levels in infants currently receiving HM is 

a direction for future research. In vitro studies indicate low CD244 surface levels is associated 
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with murine NK cell activation and high CD244 surface levels is associated with murine NK cell 

inhibition.183 If HMF induces greater CD244 expression on immune cells, I speculate immune 

cell activities in infants currently receiving HM may be inhibited to a higher degree, relative to 

infants not currently receiving HM. To our knowledge, no studies have investigated differences 

in immune cell CD244 expression levels between infants currently receiving HM and infants not 

currently receiving HM. 

CXCL6 (CXC ligand 6, granulocyte chemotactic peptide 2) serum level was significantly 

higher in infants currently receiving HM. CXCL6 is a chemokine produced by fibroblasts, 

chondrocytes, epithelial cells, and mesenchymal cells that binds to CXCR1 and CXCR2 

expressed on neutrophils, T cells, and mast cells.186–188  HM contains CXCL6 (<1.6-936 

pg/mL)171; therefore, maternal CXCL6 derived from HM ingested by the infant may account for 

the higher CXCL6 serum levels observed among HMF infants in our study. No research, to our 

knowledge, has determined if HM is capable of upregulating infant CXCL6 production, although 

Bifidobacterium breve, a microbiota selectively cultivated in the gut microbiome of HMF 

infants, has been associated with upregulating CXCL6 gene expression in intestinal epithelial 

cells.189 

In addition to its chemoattractant ability, CXCL6 promotes epithelial cell to 

mesenchymal cell transition.190,191 The elevated serum CXCL6 levels in infants currently 

receiving HM suggests these infants may have i) more CXCR1 and CXCR2 expressing cell (e.g. 

neutrophil, T cell, and mast cells) migration – likely to the gut, and ii) increased epithelial cell – 

mesenchymal stem cell transitions, relative to infants not currently receiving HM. As mentioned 

previously, the recruitment of immune cells to the gut may have mixed outcomes (e.g. 

inflammation, tolerance induction) given the milieu and activity of cells and bioactive molecules 
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(e.g. cytokines, chemokines).97 Mesenchymal stem cells are associated with organ development, 

tissue regeneration, and monocyte polarization toward the immunosuppressive and anti-

inflammatory M2 phenotype; therefore, elevated mesenchymal stem cell numbers may lead to an 

increase in anti-inflammatory responses and tissue development.186,192 Additionally, M2 

macrophages secrete TGF-β – a component also contained within HM1 – that can induce 

immunosuppressive Treg formation.192 To our knowledge, no research has compared 

mesenchymal stem cell numbers between infants currently receiving HM and infants not 

currently receiving HM. 

FGF-21 (fibroblast growth factor 21) serum level was significantly higher in infants 

currently receiving HM. FGF-21 is a peptide hormone expressed by the liver, adipocytes, 

pancreas, and brain.193 HM contains FGF-21 (65-70 pg/mL)194 ; therefore, the higher FGF-21 

serum levels observed among HMF infants in our study may reflect maternal FGF-21 derived 

from HM ingested by the infant.172 Hepatic FGF-21 gene expression can be induced by HM fatty 

acid stimulation; therefore, higher FGF-21 levels in HMF infants cannot be attributed solely to 

HM-derived FGF-21.194  

Higher FGF-21 serum levels in infants receiving HM may have implications for infant 

metabolism. FGF-21 has been positively associated with the secretion of digestive peptides and 

enzymes such as gastric inhibitory polypeptide and glucagon-like peptide incretins, lactase, and 

maltase-glucoamylase.172,195 FGF-21 serum levels have also been positively associated with leptin 

sensitivity in high-fat diet fed rats.86 Furthermore, HM provided FGF-21, as well as hepatic FGF-

21 derived from HM fatty acid stimulation, have been shown to interact with FGF-21 dependent 

D2R receptors on hypothalamic neurons to induce long-lasting brown adipose tissue 

thermogenesis – a process vital for neonates as they adapt to the extrauterine environment.86,172 
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This interaction has been associated with reduced adiposity, dyslipidemia and weight gain in 

mice. This evidence suggests infants receiving HM may have i) increased intestinal peptides and 

digestive enzymes levels, ii) increased leptin sensitivity, and iii) long-lasting increases in brown 

adipose tissue thermogenesis rate, relative to infants not currently HMF. These mechanisms may 

underlie the reduced risk of overweight and obesity associated with HMF.1 

Higher FGF-21 serum levels in infants receiving HM may also have implications for 

infant immunity. FGF-21 supplementation has been associated with lymphocyte maturation in 

newborn rats. FGF-21 supplemented rats also showed increased IgG synthesis at 14 and 21 days 

old, compared to control rats. Additionally, FGF-21 supplemented rats were more Th2 biased – 

indicated by a lower IFN-𝛾	(Th1	associated)	: IL-4 (Th2 associated) ratio, compared to control 

rats.101 FGF-21 has also been shown to reduce pro-inflammatory cytokine (i.e. IL-17, TNF-⍺, IL-

1B, IL-6, IL-8, MMP3) production and increase anti-inflammatory cytokine (i.e. IL-10) 

production in rats.100 Nakayama et al. showed FGF-21 knockout mice have a decreased number 

of mature thymocytes compared to control mice, suggesting FGF-21 has a role in thymocyte 

development. These authors also hypothesize FGF-21 may facilitate the selection or apoptosis of 

developing T cells.196 This cumulative evidence indicates elevated FGF-21 may influence 

thymocyte composition and decrease the overall pro-inflammatory Th1-like : anti-inflammatory 

Th2-like activity ratio of infants receiving HM. 

IL-10RB (IL-10 receptor subunit β) serum level was marginally higher in infants 

receiving HM. IL-10RB is a subunit of the transmembrane IL-10 receptor required for IL-10 

signal transduction.197 IL-10R is considered a vital structural component in maintaining 

inflammatory equilibrium and is ubiquitously expressed on most hematopoietic cell types. HM 
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immune cells are assumed to express this vital anti-inflammatory receptor subunit; however, HM 

immune cell IL-10RB expression has not yet been directly studied. These associations suggest 

infants receiving HM may have i) more IL-10R expressing immune cells, or ii) immune cells that 

express more IL-10R, relative to infants not currently HMF.  

TRANCE (tumor necrosis factor-related activation-induced cytokine) serum level was 

marginally higher in infants receiving HM. TRANCE is a tumor necrosis factor family cytokine 

expressed by lymphoid organs and T cells. TRANCE binds to TRANCE-R - a receptor on 

mature dendritic cells - and is associated with T helper cell activity regulation and dendritic cell 

maturation.198 TRANCE is also associated with bone loss and the differentiation of 

monocyte/macrophage lineage cells into bone resorbing osteoclasts.199 TRANCE expression in 

HM has not been studied. These associations suggest infants currently receiving HM may have i) 

different dendritic cell induced T cell activities, ii) more osteoclasts, and iii) more well 

developed lymphoid tissues or T cell populations, relative to infants not currently HMF.  

EN-RAGE (extracellular newly identified receptor for advanced glycation end products 

binding protein, S100A12) serum level was significantly lower in infants currently receiving 

HM. This was the only biomarker found at significantly lower levels in infants currently 

receiving HM, compared to infants not receiving HM in this study. EN-RAGE is a calcium-

binding pro-inflammatory protein secreted by activated granulocytes, macrophages, and 

lymphocytes in response to inflammatory challenges (e.g. antigens). EN-RAGE has not, to our 

knowledge, been measured in HM. EN-RAGE binds to RAGE (receptor for advanced glycation 

end products) to induce pro-inflammatory cytokine (e.g. IL-1B, TNF-⍺) and adhesion molecule 

(e.g. ICAM-1, VCAM-1) production through intracellular signal cascade (i.e. MAP-kinase and 
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nuclear factor KB) activation.200 EN-RAGE has been considered to be a non-invasive marker of 

gut inflammation in IBD patients;201,202 therefore, lower EN-RAGE serum levels indicate infants 

currently receiving HM may have a lower degree of gut inflammation. We speculate HM antigen 

neutralizing, gut microbiome composition regulating, and intestinal barrier reinforcing abilities 

may underly this seemingly lower degree of gut inflammation.1 

Ordering biomarkers according to hierarchical clustering analysis indicated that current 

HMF status may be associated with biomarker clusters (Supplementary Figure 6).  Not all 

biomarkers in apparent clusters had a significant relationship with current HMF status; however, 

some apparent biomarker clusters share the same direction of association. This suggests a 

relationship of current HMF status with biomarkers found not significant in linear regression 

analysis may exist, although not captured by the analysis in this current study. For example, T 

cell surface glycoproteins CD5 and CD6203 are in a cluster positively associated with current 

HMF status. Increased levels of these biomarkers may reflect an increase in the T cell count of 

infants currently HMF. CXCl1 and MCP-4 are chemokines found in HM171,204 that are also in a 

cluster positively associated with current HMF status. The supplementation and subsequent 

increase in the level of these biomarkers in currently HMF infants may support my hypothesis 

that currently HMF infants may have an increased recruitment of immune cells to the gut. 

Consistent with linear regression results, CCL20, CD244, CXCL6, FGF-21, and EN-

RAGE were also found to be significant predictors of current HMF status in univariable logistic 

regression analysis. AUC values for significant biomarker univariable logistic regression models 

ranged from 0.53 [95% CI: 0.45-0.62] (EN-RAGE) to 0.69 [95% CI: 0.62-0.77] (FGF-21). 

Covariate adjustment did not meaningfully change the results. When applied to diagnostic 

testing, AUC values between 0.8-0.9 are considered as “good” prediction, 0.7-0.8 as “fair”, 0.6-
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0.7 as “poor”, and 0.5-0.6 as “fail.”169 Thus, the individual biomarker associations identified here 

would all be considered either “poor” or “fail”. However, it is important to note that these 

guidelines are intended to classify biomarker prediction of disease states (e.g. disease or no 

disease) or events (e.g. mortality or no mortality).205–207 The intention of this analysis was not to 

diagnose current HMF status, which does not constitute disease states, but was to gain an 

indication of biomarker level distinction between infant groups. Therefore, we argue the modest, 

yet significant biomarker model AUC values reflect a moderate and meaningful difference in 

biomarker serum levels according to current HMF status. Furthermore, the amount of HM 

ingested is certainly variable (but unfortunately not documented) among infants receiving HM in 

this study – suggesting the association between current HMF status and serum biomarker levels 

may be underestimated by this current study.  

Notably, multi-biomarker logistic regression models (incorporating CCL20, CD244, 

CXCL6, EN-RAGE, and FGF-21) were better at predicting current HMF status (AUC: 0.74 

[95% CI: 0.66-0.81]) compared to any individual biomarker alone. This indicates significant 

biomarkers have independent predictive abilities, meaning biomarker ability to predict current 

HMF status vary among infants. This may suggest significant biomarkers do not all have the 

same temporal relationship with current HMF status. For example, the HMF-associated serum 

level elevation for one biomarker may persist between HMF events, whereas the HMF-

associated serum level elevation for another biomarker may only persist for a couple hours. 

Furthermore, the volume of HM received by an infant may mediate the association between 

inflammation-associated biomarkers and current HMF status. For example, infants receiving 

relatively large volumes of HM may display larger associations between inflammation-

associated serum biomarker level and current HMF status, relative to infants receiving smaller 
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volumes of HM. The CHILD Cohort Study did not capture the volume of HM received or the 

time since receiving any HM at a resolution that will allow us to investigate these possibilities. 

The associations between inflammation-associated serum biomarkers and current HMF status 

may also vary for infants with different demographic characteristics. For example, some 

biomarkers may better predict current HMF status for biologically male infants compared to 

biologically female infants, and vice versa.  

Collectively, these linear and logistic regression results suggest infant serum research 

investigating CCL20, CD244, CXCL6, FGF-21, and EN-RAGE should account for current 

HMF status. These results also suggest current HMF status may be important to account for in 

infant serum research investigating IL-10RB and TRANCE, and potentially other serum 

proteins related to immune physiology.  

4.2. Interpreting associations of infant history of HMF and inflammation-associated serum 

biomarkers  

Investigating history of HMF (HMF duration, exclusive HMF duration, HMF method at 

three months of age) revealed one marginally significant positive association between IL-7 and 

both continuous HMF duration and exclusive HMF duration variables. Comparing serum 

biomarker levels among categorical HMF duration groups found infants that received HM for 

>0-≤4 months had lower IL-7 serum levels compared to infants that received HM for >8 months.  

 

IL-7 (interleukin 7) is produced by epithelial and stromal cells in lymphoid organs such 

as the thymus and bone marrow.208 IL-7 is found in HM;209 however, was not found to be 

significantly associated with current HMF status in this current study. The positive association of 



 
 
80 
 

IL-7 with both exclusive HMF duration and HMF duration, but not current HMF status, indicate 

IL-7 may remain elevated in infants or gradually decreases, for several months after HMF 

cessation. We found serum IL-7 level was higher in infants currently receiving HM and infants 

that stopped receiving HM ≤5 months ago compared to infants that stopped receiving HM >5 

months ago, supporting our speculation that IL-7 persists after HMF cessation (Figure 9A).  

The marginally significant positive association of IL-7 with both HMF duration and 

exclusive HMF duration may have implications for infant immune system development. IL-7 

binds to IL-7R expressed on lymphoid cells (i.e. T and B cells)210 and is positively associated 

with cytotoxic T cell differentiation and peripheral naïve and central memory T cell number.211,212 

This suggests HMF duration may be associated with infant T cell repertoire and T cell count. 

Previous literature noting a positive association between HMF duration and absolute number of 

Tregs, CD4+ and CD8+ T cells supports this hypothesis.95,96 IL-7R⍺ - a subunit of IL-7R - 

deficient mice display defects in lymph node organogenesis.213 Furthermore, thymic indices 

(thymus width X largest lobe area) have been positively associated with IL-7 serum levels in two 

month old infants.209 This suggests HMF duration may be associated with infant organogenesis 

and thymus development. Previous literature has noted a positive association between exclusive 

HMF duration and thymus size; however, several studies suggest the volume of HM received by 

an infant at time of thymus measurement underlies this finding.93,94 Furthermore, one study found 

a significant difference in thymus size between infants currently receiving HM at 10 months of 

age and 10-month-old infants that stopped receiving HM at 8 months.214 This indicates that, 

while IL-7 may be associated with thymus development, the effects of IL-7 on thymus size are 

not long-lasting. Regardless, literature supports the hypothesis that the marginally significant 

positive association of IL-7 with both HMF duration and exclusive HMF duration may mediate T 
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cell proliferation and thymus development. The mechanisms underlying this association could be 

better understood using an animal model controlling for HM dose and environmental exposures.  

To our knowledge, no previous literature has suggested a mechanism by which prolonged 

HMF upregulates IL-7 production. Thymus stromal cells are indirectly associated with epithelial 

cell growth215 and produce IL-7210; therefore, the increase in IL-7 may be mediated by an increase 

in thymus stromal cell number, or increase in IL-7 stromal cell production, that may accompany 

an increase in thymus size. HMF-associated thymus enlargement persists for a period after HMF 

cessation, but eventually subsides.216 IL-7 follows a similar pattern – it persists at an elevated 

serum level for a period after HMF cessation, but eventually decreases (Figure 9B). This shared 

pattern lends support to the hypothesis that thymus stromal cells produced IL-7 may underly the 

positive relationship between HMF duration and serum IL-7 levels. HM may also induce IL-7 

gene expression upregulation through epigenetic mechanisms.217  

It is important to note the lack of inflammation-associated biomarkers and history of 

HMF associations does not indicate history of HMF variables are not associated with infant 

immune system development. Inflammation-associated serum biomarker levels are tightly 

regulated, which limits their ability to reflect differences in immune system structures (immune 

cells, mucosal immune sites) or biological processes, particularly in the absence of an immune 

challenge. Infants in this study are considered healthy; therefore, the association between history 

of HMF and immune system responses to immune challenges, such as a bacterial infection, are 

not captured. Furthermore, tissue-resident immune components (e.g. tissue-resident memory T 

cells) are not present in venous blood;218 therefore, capturing potential infant feeding practice 

associated differences in tissue-resident immune component imprinting is extremely limited in 
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this study. This work highlights the need for mechanistic studies exploring the association 

between history of HMF variables and immune system responses. 

 

4.3. Infant feeding practices are associated with overall inflammation-associated biomarker 

variation 

Redundancy analysis (RDA) was used to investigate the association of infant feeding 

practice variables with all inflammation-associated serum biomarkers together as a profile or 

system. Investigating inflammation-associated serum biomarkers as a profile can indicate 

associations with the overall inflammation-associated system captured by the Olink Target 96 

Inflammation panel, and not just individual biomarkers. Furthermore, variables significantly 

associated with the variation of the serum biomarker profile should potentially be accounted for 

in untargeted serum infant serum proteomics and not just in specific biomarker infant serum 

research. 

Current HMF status was associated with a significant amount of the pooled variation 

from all inflammation-associated biomarker measures in RDA. Notably, the percentage of 

overall inflammation-associated biomarker variation explained by current HMF status (0.48%) 

was comparable to that explained by variables known to impact infant immune function (e.g. 

infant biological sex (0.40%), maternal race (1.21%), maternal body mass index (0.23%).205,206,219 

This finding provides evidence suggesting current HMF status should be accounted for in 

untargeted infant serum proteomics. No history of HMF variables (HMF duration, exclusive 

HMF duration, HMF method at three months) were associated with a significant amount of the 

pooled variation from all inflammation-associated biomarker measures in RDA. 
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4.4. Overall implications of HMF on infant immune system activities and development 

Overall, the observed associations between current HMF status and inflammation-

associated serum biomarker levels supports hypotheses that infants receiving HM have increased 

anti-inflammatory cell responses, increased antigen tolerance, and enhanced metabolism, in 

comparison to infants not receiving HM (Figure 11).1,220  

Associations of current HMF status with CCL20, CXCL6, EN-RAGE, and FGF-21 

serum biomarker levels suggest infants currently receiving HM have relatively increased anti-

inflammatory immune cell responses. I speculate HM-provided CCL20 and CXCL6 underly 

the elevated levels of CCL20 and CXCL6 chemokines observed in HMF vs non-HMF infants 

and reflect the indicate increased recruitment of CCR6, CXCR1, and CXCR2 expressing cells 

(Th17 cells, Tregs, neutrophils, dendritic cells) to the gut, a process that may induce outcomes 

including - but not limited to -immunosuppression, immune cell proliferation, and inflammation. 

However, the relatively decreased level of EN-RAGE (a biomarker of gut inflammation) among 

HMF infants suggests that inflammation is not elevated in these infants, and if anything, gut 

immune cell responses are dampened or suppressed by HMF. Furthermore, elevated levels of 

CXCL6 and FGF-21 among HMF infants suggest they may have an increased number of anti-

inflammatory immune cells (e.g. M2 macrophages, Th2 associated cells), and Th2-associated 

cytokines, relative to infants not receiving HM – supporting the theory that HM is associated 

with increased anti-inflammatory cell responses. 

These findings may also suggest infants receiving HM may be more likely to develop 

antigen tolerance (a general unresponsiveness or lack of pathogenic immunity in response to 

antigens) than to respond with an inflammatory response. Tolerance development has been 

associated with the blunting of inflammatory responses to dietary antigens and commensal 
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microbiota, and has been associated with prevention of food allergy, type 1 diabetes, and 

IBD.1,221 Tolerance is  thought to be induced by immune cell inactivation or deletion, regulatory 

cell engagement, cell differentiation changes, or immune barrier development.222 Gerard Eberl’s 

essay on immunity by equilibrium states tolerance may be a reflection of the inhibition of one 

general type of immunity (e.g. Th1-like) by another general type (e.g. Th-like).97 In the context 

of infants receiving HM, this suggests increased anti-inflammatory cell and cytokine activity 

may suppress pro-inflammatory immunity and increase tolerance induction rate, compared to 

infants not receiving HM. We speculate this HMF-associated increase in anti-inflammatory 

activity may be the product of continued proliferation or survival of differentially adapted and 

stereotypically anti-inflammatory neonatal lymphoid cells in continually HMF infants. The 

increase in anti-inflammatory and Th2-like activity,1,101 but not in allergic disease incidence,223,224 

in HMF infants, suggests the mechanisms in which HMF induces this Th2-like phenotype may 

be independent of the mechanisms in which Th2 immunity induces allergic disease. We 

speculate HMF-associated Th2-like immune cells, which may be induced in HMF-associated 

anti-inflammatory and immunosuppressive microenvironments (perhaps near the gut), may be of 

a different subtype than Th2 cells typically associated with allergic disease pathogenesis. 

Investigating the subtype of Th2-like immune cells in HMF infants may lend evidence to inform 

these hypotheses. 

Literature showing Tregs – the anti-inflammatory and tolerance-associated T cells – are 

present at higher levels in infants receiving HM, compared to infants not receiving HM, further 

support HM as being tolerance inducing.96  HMF neonates have been shown to have a specific 

and Treg-dependent reduction and delay in proliferative T cell response to non-inherited 

maternal antigens.96,220  Furthermore, TGF-β – a cytokine required for Treg induction225 – is one 
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of the most abundant biomolecules present in HM,1 suggesting T cells in HM fed infants may be 

more likely to differentiate into Tregs in a immunosuppressive environment. Treg subtypes 

associated with current HMF are still relatively unknown. Murine models have shown HMF 

cessation associated gut microbiota expansion induce ROR 𝛾t+ Treg proliferation. This ROR 𝛾t+ 

Treg proliferation was also shown to be associated with inflammatory associated disease 

prevention.121 I speculate that current HMF may promote the proliferation of GATA+ Tregs – a 

subtype associated with development, tissue repair, anti-inflammation, and Th2 immunity.97 

Furthermore, antigen-neutralizing and gut microbiome regulating HM properties may limit 

antigen-immune system exposures in infants currently HMF, which may lead to T cell 

inactivation, Treg formation, and tolerance induction.1 

The associations between current HMF status and FGF-21 suggest infants receiving HM 

may have enhanced metabolism. More specifically, FGF-21 serum levels have been positively 

associated with intestinal peptide and digestive enzyme concentration,172 leptin sensitivity,86 and 

brown adipose tissue thermogenesis.86 These associations indicate HM fed infants may have an 

enhanced ability to digest foods and regulate body weight. 

The elevated level of CD244 observed in infants receiving HM may have various 

implications for these hypotheses. For example, this result may reflect an increase in tolerance 

inducing and anti-inflammatory Tregs, or immune cell activity differences. Determining the 

mechanism underlying CD244 differences according to current HMF status is required before 

speculating on the implications of this result further. 

Interpreting associations between history of HMF and serum biomarker levels suggests 

HMF duration and exclusive HMF duration may influence thymus and T cell development. 
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Furthermore, the lack of associations between inflammation-associated biomarker levels and 

history of HMF suggest that, if more associations between history of HMF and immune system 

development or activity exist, they are not well reflected in biomarker levels. History of HMF 

associations with the thymus may impact naïve T cell heterogeneity, with implications for naïve 

T cell phenotype, function, dynamics, and differentiation status.226 Naïve T cells are considered 

relatively quiescent; therefore, naïve T cell differences may not be reflected well in serum 

biomarkers. Furthermore, the association of HMF and gut microbiome composition1 indicates 

history of HMF may influence the maturation and development of the gut microbiome in early 

life. Delayed or premature gut microbiome maturation has been associated with pediatric allergic 

disease227 and may influence the reactivity of immune cells to oral antigens or intestinal 

pathogens. Differences in reactivity may not be captured well by examining inflammation-

associated serum biomarkers of healthy infants; thus, different cellular-level techniques (e.g. 

flow cytometry) are required for examining potential associations between history of HMF and 

both naïve T cell subtypes and immune system reactivity.   
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Figure 11. Summary of biomarker associations with current HMF status and potential 
implications for infant immune system activities and overall health. 
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Chapter V: Strengths, Limitations, and Future Directions 

5.1. Strengths 

 The use of CHILD Cohort Study data was a key strength of this study. CHILD Cohort 

Study questionnaires captured and allowed for relatively undescribed, unaccounted for, and 

unstudied infant feeding practices to be investigated in this current study. Furthermore, CHILD 

cohort questionnaire and hospital report data allowed for demographic characteristics to be 

evaluated and, for some variables, accounted for in statistical analysis.  

The relatively large number of CHILD infants (n=605) included in analysis was another 

strength of this study. This sample size ensured the majority of research analysis had sufficient 

power to account for important confounders and detect meaningful associations. 

This study measured biomarker levels in serum collected from all one-year-old study 

infants. The collection and analysis of serum of one-year-old human infants, for this number of 

infants, is relatively rare in existing literature. The abundance of inflammation-associated serum 

biomarker measures included in this research is another strength of this study. Investigating 76 

inflammation-associated biomarkers provided this study with the ability to capture potential 

associations of infant feeding practices with a spectrum of immune system associated biological 

processes. Analysing this number of serum biomarkers provided this study with power to 

determine associations of infant feeding practices with a spectrum of inflammatory and immune 

response processes.  

This study investigated the association between infant feeding practices and healthy 

infant inflammation-associated serum biomarkers. The immune system activities and 
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development of healthy infants is relatively understudied; thus, this current study provides a 

unique outlook on healthy immune system variation and potential associations with infant 

feeding practices. Investigating healthy infants provided us with the ability to speculate on how 

infants may react to antigen exposure, infection, or other disease conditions. 

 
5.2. Limitations 

Limitations of the CHILD cohort population, CHILD cohort questionnaires, ‘healthy’ 

infant criteria, statistical modelling, and serum biomarker research constitute the main limitations 

of this current study. This section specifically outlines how these limitations may have impacted 

this research. 

The demographic distribution of participants in this study was not entirely reflective of 

the demographic distribution of Canada. Study participants were predominantly White (73.6%) 

and generally lacked racial representation (18.0% Asian, 2.6% Indigenous/First Nations, and 

5.8% other races). This study also had an over-representation of high socioeconomic status 

(29.9% - $100,000-$149,999; 29.3% - $150,000 or over) compared to the general Canadian 

population.228 Low socioeconomic status has been associated with an increase in systemic 

immune activation and inflammation124; therefore, this study may not accurately capture 

socioeconomic status-immune system associations present in the general Canadian population. 

This study did not have an even distribution of participants from CHILD study sites (27.4% - 

Vancouver; 22.3% - Edmonton; 35.2% - Toronto; 5.1% - Manitoba. This indicates this study 

may not capture, or may have an over-representation of, study-site-specific factors that may be 

associated with the infant immune system (e.g. pollution levels) or serum biomarker measures. 

97% of infants included in this study (n=18) received HM at some point in the first year of life. 
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This is not reflective of the breastfeeding initiation rate in Canada (91%)229 and limits the 

statistical power of the infant group that never received HM.  

The CHILD cohort did not capture information regarding the volume of HM ingested, as 

well as the specific length of time since an infant last received HM. Variation in HM volume 

ingested by each infant at one year of age may add noise to statistical analysis and ‘hide’ 

potential associations. Furthermore, the time since receiving HM, even if only a few hours, may 

have an influence on serum biomarker levels. Accounting for these two variables would improve 

study power in determining relationships of infants feeding practices with serum inflammation-

associated biomarkers. This cross-sectional study could not capture potential variation in current 

HMF status associations that may occur with infant physiology development and immune system 

maturation in early life.   

The complete blood count exclusion criteria implemented in this current study excludes 

infants showing clear signs of active, or impaired immune system function (white blood cell 

count <6000 or >17500 mm3).141 It is important to note that complete blood count measures do 

not capture all infant immune system challenges or health conditions; therefore, infants 

investigated in this current study are not guaranteed to be “healthy.”  

Statistical model limitations constrain the ability of study analysis to account for 

demographic characteristics. Adding independent variables to regression analyses increases the 

risk of overfitting – the phenomenon that occurs when a statistical model is fitted so well on a 

training dataset that it performs poorly on a testing dataset.230 This issue forces a decision to 

either i) ignore risks of overfitting and include associated variables, or ii) take a ‘simplest is best’ 

model building approach and not include potentially associated variables in analysis. In the 
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context of this current study, taking the simplest is best model building approach avoided 

overfitting issues, but meant models did not include all variables that potentially account for 

some of the natural immune system associated variation among infants.31 For example, 

medication (e.g. steroids, immunosuppressants) exposure has been associated with immune 

functions – including associations of glucocorticoids with Th2 biased immune cellular 

activities231 and corticosteroids with leukocyte trafficking/activation232 - suggesting infant and 

maternal medication exposure may influence serum biomarker levels of one-year-old infants. 

Another example is the time since any infection, which may influence the levels of biomarkers 

associated with the natural progression of infection or inflammation response (e.g. IFN-γ) and 

resolution (TGF-β).233 Infection incidence may also be associated with HM intake or number of 

HMF sessions. CHILD did not capture theses variables at a resolution necessary to include in the 

analyses of this study, but they may be important for future cohorts to investigate. 

Inflammation-associated serum biomarkers cannot capture or reflect all immune system 

associated activity, biological process, or structure differences among one-year-old infants with 

different infant feeding practices. Furthermore, serum biomarker level differences among infant 

groups do not prove specific immune system activity or developmental differences exist. In 

general, inflammation-associated biomarkers can be used for exploring, speculating, and 

identifying potential mechanisms by which infant feeding practices and both immune system 

activity and development are related. Follow up basic science experiments are required to verify 

hypotheses generated using inflammation-associated serum biomarkers.234 

Characteristics of the Olink Target 96 Inflammation panel also limit this study. This 

panel reports serum biomarker levels using an arbitrary NPX unit. NPX values are relative to 

each individual biomarker and do not provide the absolute concentration of each biomarker in 
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serum. This prevents comparison of serum levels among biomarkers and restricts analysis. 

Furthermore, not all inflammation-associated biomarkers satisfy linear regression assumptions of 

normality (27/76). Non-normal distributions are commonly used in human health research235; 

nonetheless, it is important to note that the robustness and power of linear regression analyses 

including these biomarkers may be limited. 
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5.3. Future Directions  

This study provides precedent and direction for future HM research that may further our 

understanding of topics including, but not limited to i) HM immunomodulatory abilities, ii) the 

temporality of HM immunomodulatory abilities, iii) the long-term effects and physiological 

consequences of infant feeding practice differences. This section outlines potential future 

directions that may further our understanding of these topics. 

CHILD cohort future directions:  

Determining the relationship of infant health outcomes (e.g. allergy, asthma) with infant 

feeding practices, and biomarkers found associated with infant feeding practices in this current 

study, will further our understanding of the mechanism by which infant feeding practices 

influence infant health. A mediation analyses could investigate the use of infant feeding practices 

and/or serum biomarker levels as mediators of the relationship between HMF and infant health 

condition risk in the CHILD cohort.  

Other future directions: 

 This current study identified variation in the temporality of associations between 

inflammation-associated serum biomarkers and HMF. Studying the relationship between 

inflammation-associated serum biomarkers and precise time since HMF cessation or last HMF 

session, may further our understanding of the temporal nature of HM immunomodulatory 

abilities and potentially suggest mechanisms underlying long-lasting protective associations of 

HMF. This could be completed using a human cohort study or in animal models.  
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 This current study found associations of inflammation-associated serum biomarkers with 

infant feeding practices; however, the mechanism by which many of these associations occur is 

unknown. For example, maternal HM-borne biomarkers may account for these associations 

directly, or alternatively, HM could induce changes in infant biomarker production. Determining 

the absolute concentration of inflammation-associated biomarkers within both HM and infant 

serum, and then investigating the relationship between serum and HM levels, may further our 

understanding of the mechanisms underlying HM-induced biomarker associations. Furthermore,  

a cross-fostering animal model experiment in which mice pups are nursed by green fluorescent 

protein expressing dams could determine if biomarkers are provided from dam milk or are 

produced by a pup. This research could be extrapolated to hypothesize how differences in HM 

stage (e.g. colostrum, early milk, mature milk) inflammation-associated biomarker levels may 

influence the serum inflammation-associated biomarker levels of infants receiving HM. 

Investigating infant feeding practices using animal models will help determine the full 

extent to which infant feeding practices are associated with infant immune system activity, 

development, and overall health. For example, animal disease models subject to different feeding 

practices (e.g. pups receiving only maternal milk, pups receiving maternal milk for only the first 

day of life and then formula, pups receiving only formula) could be used to determine the 

association of infant feeding practices with disease development, severity, and progression. 

Animal models could also provide insight on associations of infant feeding practices with 

differential immune system responses to immune system challenges, such as infections in 

different tissues. For example, in vivo whole animal fluorescence imaging of LysM-EGFP mice 

– which express fluorescent neutrophils – could be used to examine neutrophilic response to 

infection in mice subject to different feeding practices.236 Comparing the degree of inflammatory 
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response induced by different microbe or antigen doses between animals receiving maternal milk 

and animals not receiving maternal milk, or between animals with differences in other feeding 

practices, could also provide insight on HM immunomodulatory ability. Animals models could 

be used to investigate physiological immune system structure (e.g. mucosal immune site, 

immune system component composition and activities) associations with infant feeding 

practices. For example, an animal model could be used to further investigate the relationship of 

HMF duration with thymus size and cellular or biomarker level changes.94,216  

Animal models could also be used to identify undescribed immune system differences 

associated with infant feeding practices. For example, flow cytometry could be used to determine 

differences in chemical and physical characteristics of cells or particles within mice that received 

different early life feeding practices. This flow cytometry investigation may also have potential 

to support or refute hypotheses made in this thesis. For example, flow cytometry may be able to 

determine if the higher level of Tregs observed in infants receiving HM express CD244 and 

account for higher CD244 levels observed in infants receiving HM. Furthermore, we 

hypothesized that infants receiving HM may have an increased recruitment of immune cells to 

the gut, but decreased levels of gut inflammation. Investigating gut tissue with cellular-level 

methods could inform these hypotheses and further our understanding of HM 

immunomodulatory abilities. Repeating cellular-level methods at different time points in early 

life may also further our understanding of how HM composition changes over time may support 

changes in infant immunological needs. For example, we know infants receiving HM have more 

Tregs,96 compared to infants not receiving HM, but the subtype (e.g. GATA3+, ROR𝛄t+) of 

these Tregs, as well as potential variation in Treg subtype induced by HM in different lactation 

stages (e.g. colostrum, mature milk) is unknown. Determining the subtype of Treg induced by 
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HM at different time points may further our understanding of how i) the immune system 

develops in early life, and ii) how HM supports early life immune system development. 
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Chapter VI: Conclusion 

This current study investigated the association of infant feeding practices (including 

current HMF status, HMF duration, exclusive HMF duration, and HMF method at three months 

of age) with inflammation-associated serum biomarker levels of one-year-old infants from the 

CHILD Cohort Study. We found significant associations of current HMF status with CCL20, 

CD244, CXCL6, EN-RAGE, FGF-21, and marginally significant associations with IL-10RB and 

TRANCE serum biomarker levels in one-year-old infants. All significantly associated 

biomarkers, except EN-RAGE, were higher in infants receiving HM compared to infants not 

receiving HM. CCL20, CD244, CXCL6, EN-RAGE, and FGF-21 were shown to have some 

independent ability to predict current HMF status in one-year-old infants. Considering the known 

biological functions and origins of these serum biomarkers, our results suggest infants receiving 

HM may have increased anti-inflammatory Th2-like immune responses, increased antigen 

tolerance, and enhanced metabolism, compared to infants not receiving HM. Investigating 

associations between HMF duration, exclusive HMF duration, and HMF method at three months 

of age revealed only one marginally significant positive association of IL-7 with both HMF 

duration and exclusive HMF. The persistent elevation for several months, but eventual decrease 

of IL-7 serum levels upon HMF cessation may underly these results. Furthermore, these positive 

associations suggest HMF duration and exclusive HMF duration may be associated with thymus 

development and infant T cell repertoire.  

To our knowledge, this is the first study to investigate associations of current HMF status, 

HMF duration, exclusive HMF duration, and HMF method at three months of age with a panel of 

inflammation-associated serum biomarkers. This current study suggests i) infants currently 
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receiving HM may have differential immune system activities compared to infants not currently 

receiving HM, ii) history of HMF may be associated with aspects of immune system 

development, although these associations may not be well-reflected in inflammation-associated 

serum biomarkers among healthy infants, and iii) current HMF status should be accounted for in 

infant serum proteomics. Further investigating the association of infant feeding practices with 

immune system activity and development during immune challenges, in the context of disease 

states, and in animal models will help further develop hypotheses suggested in this study and 

potentially uncover further mechanisms in which nutrition influences immunity during early life. 

Overall, this study uncovered previously undescribed associations of HMF with early life 

immune system development and activity and identifies future directions further research should 

prioritize to further our understanding of early life immune system development and how to 

provide all infants with the best start to life.  
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Supplementary Files 

 
Supplementary Figure 1. Time until blood sample centrifugation varies among study sites and is associated with 
inflammation-associated serum biomarker levels in one-year-old CHILD cohort infants (full study population, n=605). (A) 
Blood sample time until centrifugation for study infants in each CHILD Cohort study site. (B) Linear regression associations of time 
until blood sample centrifugation (hours) with measured inflammation-associated serum biomarkers (standardized NPX). ~p<0.1, 
*p<0.05, **p<0.01. 



 
 
100 
 

 
 

 
Supplementary Figure 2. Exclusion criteria for Olink Target 96 Inflammation panel 
quantified biomarkers included in main study analyses. 
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Supplementary Figure 3. Associations of biomarker presence/absence with infant feeding 
practice variables among one-year-old CHILD cohort infants (full study population, 
n=605). Logistic regression odds ratios obtained by using infant feeding practices variables, 
individually, to predict biomarker presence/absence. Biomarkers included in analysis had >30 
infants in both present and absent groups. The Benjamini-Hochberg method was used for FDR p-
value correction. No significant associations were observed. 
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Supplementary Figure 4. Spearman correlation and hierarchical clustering analysis among all inflammation-associated 
biomarkers in one-year-old CHILD cohort infants (full study population, n=605). Spearman correlation coefficients were used as 
distance measures in hierarchical clustering analysis. 
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Supplementary Figure 5. Demographic variables associated with inflammation-associated serum biomarker levels in one-year-
old CHILD cohort infants (full study population, n=605). Variables significantly associated with one or more serum biomarker 
levels were evaluated for use in the multi-step forward selection process. 
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Supplementary Figure 6. Spearman correlation associations between current HMF status and inflammation-associated serum 
biomarkers measured in one-year-old CHILD cohort infants (full study population, n=605), sorted according to hierarchical 
clustering of biomarkers. Results are standardized β-coefficients obtained from univariable and multivariable (adjusted for time until 
blood sample centrifugation, study site, and infant sex) linear regression models that used infant current HMF status to predict serum 
biomarker level (standardized NPX). The dendrogram was obtained from spearman correlation analysis (Supplementary Figure 4). 
All p-values were FDR-corrected using the Benjamini-Hochberg method. ~p<0.1, *p<0.05, **p<0.01.
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Supplementary Figure 7. Associations of all biomarker-derived principal components with 
current HMF status of one-year-old CHILD cohort infants (full study population, n=605). 
Figure shows ROC curve and respective area under the ROC curve (AUC) value for a logistic 
regression model that uses all principal components (n=75) derived from principal component 
analysis of biomarkers (excluding FGF-5) investigated in this research. FGF-5 was excluded as 
46 infants had NA values for FGF-5 serum levels.  
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Supplementary Figure 8. Associations of categorical HMF duration (grouped into two-month intervals) with inflammation-
associated serum biomarkers measured in one-year-old CHILD cohort infants (not currently HMF subset, n=347). Results are 
standardized β-coefficients obtained from univariable and multivariable (adjusting for time until blood sample centrifugation, study 
site, and sex) linear regression models that predicted individual biomarker level (standardized NPX) with categorical HMF duration. 
The Benjamini-Hochberg method was used for FDR p-value correction. No significant associations were observed after FDR 
correction.
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Supplementary Figure 9. Associations of categorical HMF duration (grouped into three-month intervals) with inflammation-
associated serum biomarkers measured in one-year-old CHILD cohort infants (not currently HMF subset, n=347). Results are 
standardized β-coefficients obtained from univariable and multivariable (adjusting for time until blood sample centrifugation, study 
site, and sex) linear regression models that predicted individual biomarker level (standardized NPX) with categorical HMF duration. 
The Benjamini-Hochberg method was used for FDR p-value correction. No significant associations were observed after FDR 
correction. 
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Supplementary Figure 10. Associations of categorical exclusive HMF duration (grouped into two-month intervals) with 
inflammation-associated serum biomarkers measured in one-year-old CHILD cohort infants (not currently HMF subset, 
n=347). Results are standardized β-coefficients obtained from univariable and multivariable (adjusting for time until blood sample 
centrifugation, study site, and sex) linear regression models that predicted individual biomarker level (standardized NPX) with 
categorical exclusive HMF duration. The Benjamini-Hochberg method was used for FDR p-value correction. No significant 
associations were observed after FDR correction.
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Supplementary Figure 11. Associations between of exclusive HMF duration (grouped into three-month intervals) and 
inflammation-associated serum biomarkers measured in one-year-old CHILD cohort infants (not currently HMF subset, 
n=347). Results are standardized β-coefficients obtained from univariable and multivariable (adjusting for time until blood sample 
centrifugation, study site, and sex) linear regression models that predicted individual biomarker level (standardized NPX) with 
categorical exclusive HMF duration. The Benjamini-Hochberg method was used for FDR p-value correction. No significant 
associations were observed after FDR correction.
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Supplementary Table 1. Results from a multi-step forward selection analysis completed 
using the ‘step’ R function. 

Biomarker Variables that meet the step threshold and order Respective AIC 
CCL20 —  

Study site 
Time until blood sample centrifugation 

-121.0 
-140.7 
-147.9 

CD244 —  
Time until blood sample centrifugation  
Maternal BMI 
Infant age at first introduction to solids 
Vaccination 

-697.4 
-728.2 
-730.4 
-732.3 
-733.7 

CXCL6 —  
Time until blood sample centrifugation  
Study site 
Sex 

-417.7 
-425.0 
-426.9 
-428.1 

EN-RAGE —  
Time until blood centrifugation 
Study site 

28.1 
-56.8 
-110.8 

FGF-21 —  
Maternal age 
Time until blood sample centrifugation 

96.1 
84.3 
80.9 

IL-10RB —  
Vaccination 
Maternal race 

-1035.1 
-1037.5 
-1038.1 

TRANCE —  
Maternal alcohol consumption 
Maternal years of education 
Sex 

-470.5 
-473.6 
-475.7 
-476.2 
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Supplementary Table 2. Linear regression associations of infant serum biomarker levels 
with current HMF status among one-year-old CHILD cohort infants (full study population, 
n=605). Results from univariable and multivariable (adjusting for time until blood sample 
centrifugation, sex, and study site) linear regression models that use current HMF status 
(Yes/No) to predict biomarker levels (standardized NPX). 

Olink 
Biomarkers Univariable Multivariable 

 P-value FDR 
P-value 

β-Coefficient 
(95% CI) P-value FDR 

 P-value 
β-Coefficient 

(95% CI) 
4E-BP1 0.03 0.16 -0.174 (-0.335 - -0.013) 0.06 0.31 -0.153 (-0.314 - 0.008) 
ADA 0.48 0.76 -0.058 (-0.220 - 0.103) 0.99 0.99 -0.001 (-0.158 - 0.155) 

AXIN1 0.07 0.31 -0.147 (-0.309 - 0.014) 0.92 0.95 -0.007 (-0.156 - 0.141) 
CASP-8 0.21 0.47 -0.103 (-0.265 - 0.058) 0.29 0.56 -0.063 (-0.179 - 0.053) 
CCL11 0.13 0.38 0.124 (-0.037 - 0.286) 0.11 0.40 0.133 (-0.030 - 0.296) 
CCL19 0.96 0.97 -0.004 (-0.166 - 0.157) 0.70 0.86 -0.031 (-0.186 - 0.125) 
CCL20 <0.01 0.04 0.243 (0.083 - 0.404) <0.01 0.04 0.255 (0.093 - 0.417) 
CCL23 0.90 0.96 0.010 (-0.151 - 0.172) 0.65 0.84 0.038 (-0.125 - 0.200) 
CCL25 0.70 0.90 0.032 (-0.130 - 0.194) 0.58 0.82 0.046 (-0.118 - 0.210) 
CCL28 0.03 0.16 0.180 (0.020 - 0.341) 0.10 0.40 0.132 (-0.027 - 0.292) 
CCL3 0.19 0.43 0.109 (-0.052 - 0.27) 0.25 0.53 0.090 (-0.062 - 0.242) 
CCL4 0.03 0.16 0.175 (0.014 - 0.336) 0.05 0.28 0.156 (0.000 - 0.312) 
CD244 <0.01 <0.01 0.308 (0.148 - 0.468) <0.01 <0.01 0.346 (0.193 - 0.499) 
CD40 0.45 0.76 0.062 (-0.099 - 0.224) 0.18 0.46 0.087 (-0.041 - 0.215) 
CD5 0.08 0.31 0.145 (-0.016 - 0.306) 0.03 0.20 0.174 (0.016 - 0.331) 
CD6 0.03 0.16 0.180 (0.019 - 0.341) 0.01 0.10 0.203 (0.044 - 0.361) 

CD8A 0.48 0.76 0.058 (-0.104 - 0.219) 0.38 0.70 0.073 (-0.089 - 0.234) 
CDCP1 0.15 0.38 0.118 (-0.043 - 0.280) 0.10 0.40 0.136 (-0.028 - 0.300) 
CSF-1 0.54 0.79 0.051 (-0.111 - 0.212) 0.46 0.73 0.059 (-0.098 - 0.216) 
CST5 0.80 0.94 -0.021 (-0.182 - 0.141) 0.85 0.89 0.015 (-0.147 - 0.178) 

CX3CL1 0.36 0.70 0.076 (-0.086 - 0.237) 0.42 0.71 0.065 (-0.094 - 0.224) 
CXCL1 0.03 0.16 0.180 (0.019 - 0.341) 0.01 0.10 0.205 (0.047 - 0.364) 
CXCL10 0.51 0.77 -0.054 (-0.216 - 0.107) 0.54 0.82 -0.052 (-0.216 - 0.113) 
CXCL11 0.82 0.94 -0.019 (-0.181 - 0.143) 0.85 0.89 -0.015 (-0.174 - 0.144) 
CXCL5 0.38 0.72 0.072 (-0.089 - 0.234) 0.30 0.56 0.085 (-0.075 - 0.245) 
CXCL6 <0.01 <0.01 0.359 (0.200 - 0.518) <0.01 <0.01 0.344 (0.184 - 0.503) 
CXCL9 0.54 0.79 -0.051 (-0.212 - 0.111) 0.81 0.88 -0.020 (-0.183 - 0.143) 
DNER 0.10 0.32 0.136 (-0.025 - 0.297) 0.13 0.41 0.127 (-0.036 - 0.290) 

EN-RAGE <0.01 0.01 -0.293 (-0.453 - -0.133) 0.02 0.12 -0.160 (-0.290 - -0.030) 
FGF-19 0.74 0.90 0.028 (-0.134 - 0.189) 0.99 0.99 -0.001 (-0.164 - 0.163) 
FGF-21 <0.01 <0.01 0.555 (0.399 - 0.710) <0.01 <0.01 0.564 (0.405 - 0.722) 
FGF-23 0.83 0.94 -0.018 (-0.179 - 0.144) 0.76 0.87 -0.026 (-0.190 - 0.138) 
FGF-5** 0.95 0.97 -0.006 (-0.174 - 0.162) 0.85 0.89 -0.016 (-0.185 - 0.153) 

Flt3L 0.49 0.76 0.056 (-0.105 - 0.218) 0.75 0.87 0.027 (-0.136 - 0.189) 
HGF 0.42 0.76 -0.066 (-0.227 - 0.096) 0.76 0.87 -0.024 (-0.174 - 0.127) 
IFN-γ 0.34 0.67 -0.079 (-0.240 - 0.082) 0.45 0.73 -0.064 (-0.229 - 0.101) 
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IL-10RA 0.62 0.84 -0.041 (-0.202 - 0.121) 0.69 0.85 -0.034 (-0.199 - 0.131) 
IL-10RB <0.01 0.04 0.237 (0.077 - 0.398) <0.01 0.06 0.241 (0.077 - 0.405) 
IL-12B 0.42 0.76 0.066 (-0.096 - 0.227) 0.24 0.53 0.099 (-0.066 - 0.263) 

IL-15RA 0.33 0.67 0.080 (-0.081 - 0.241) 0.27 0.54 0.093 (-0.072 - 0.257) 
IL-17A 0.09 0.32 -0.139 (-0.301 - 0.022) 0.11 0.40 -0.133 (-0.297 - 0.031) 
IL-17C 0.45 0.76 0.062 (-0.099 - 0.224) 0.40 0.71 0.070 (-0.095 - 0.235) 
IL-18 0.87 0.96 0.013 (-0.148 - 0.175) 0.53 0.82 0.051 (-0.110 - 0.213) 

IL-18R1 0.13 0.38 -0.125 (-0.286 - 0.037) 0.15 0.43 -0.120 (-0.281 - 0.042) 
IL-4 0.19 0.43 -0.109 (-0.270 - 0.052) 0.22 0.51 -0.103 (-0.267 - 0.062) 
IL-6 0.29 0.62 0.087 (-0.074 - 0.249) 0.22 0.51 0.094 (-0.057 - 0.246) 
IL-7 0.15 0.38 0.118 (-0.043 - 0.279) 0.20 0.48 0.107 (-0.055 - 0.268) 
IL-8 0.94 0.97 -0.006 (-0.167 - 0.156) 0.80 0.88 -0.015 (-0.136 - 0.105) 
IL-10 0.82 0.94 0.018 (-0.143 - 0.180) 0.57 0.82 0.047 (-0.117 - 0.211) 

LAP TGF-β-1 0.05 0.21 -0.041 (-0.202 - 0.121) 0.17 0.46 0.113 (-0.048 - 0.274) 
LIF-R 0.14 0.38 0.237 (0.077 - 0.398) 0.13 0.41 0.129 (-0.036 - 0.293) 
MCP-1 0.73 0.90 0.066 (-0.096 - 0.227) 0.78 0.88 0.021 (-0.127 - 0.168) 
MCP-2 0.59 0.81 0.080 (-0.081 - 0.241) 0.63 0.83 -0.040 (-0.204 - 0.125) 
MCP-3 0.31 0.66 -0.139 (-0.301 - 0.022) 0.39 0.71 0.052 (-0.067 - 0.172) 
MCP-4 0.09 0.32 0.062 (-0.099 - 0.224) 0.13 0.41 0.126 (-0.037 - 0.290) 
MMP-1 0.02 0.16 0.013 (-0.148 - 0.175) 0.03 0.19 0.183 (0.020 - 0.346) 
MMP-10 0.88 0.96 -0.125 (-0.286 - 0.037) 0.80 0.88 0.021 (-0.144 - 0.185) 

NT-3 0.68 0.89 -0.109 (-0.270 - 0.052) 0.68 0.85 -0.034 (-0.199 - 0.130) 
OPG 0.49 0.76 0.087 (-0.074 - 0.249) 0.46 0.73 0.062 (-0.102 - 0.226) 
OSM 0.94 0.97 0.118 (-0.043 - 0.279) 0.60 0.83 0.032 (-0.090 - 0.155) 

PD-L1 0.10 0.32 -0.006 (-0.167 - 0.156) 0.26 0.53 -0.094 (-0.256 - 0.069) 
SCF 0.59 0.81 0.164 (0.003 - 0.325) 0.41 0.71 -0.068 (-0.233 - 0.096) 

SIRT2 0.03 0.16 0.121 (-0.040 - 0.282) 0.08 0.37 -0.143 (-0.301 - 0.016) 
SLAMF1 0.78 0.94 0.028 (-0.133 - 0.190) 0.58 0.82 0.046 (-0.118 - 0.210) 
ST1A1 0.64 0.85 -0.045 (-0.206 - 0.117) 0.56 0.82 0.046 (-0.110 - 0.203) 

STAMBP 0.03 0.16 0.083 (-0.078 - 0.245) 0.14 0.42 -0.122 (-0.282 - 0.039) 
TGF-ɑ 0.72 0.90 0.139 (-0.022 - 0.300) 0.26 0.53 0.090 (-0.066 - 0.245) 
TNF 0.02 0.16 0.197 (0.036 - 0.358) 0.01 0.10 0.211 (0.048 - 0.374) 

TNFB 0.45 0.76 0.012 (-0.149 - 0.174) 0.16 0.45 0.117 (-0.046 - 0.280) 
TNFRSF9 0.13 0.38 -0.034 (-0.196 - 0.128) 0.04 0.25 0.168 (0.005 - 0.331) 
TNFSF14 0.88 0.96 0.056 (-0.105 - 0.218) 0.63 0.83 0.033 (-0.101 - 0.167) 

TRAIL 0.99 0.99 -0.006 (-0.168 - 0.155) 0.72 0.87 0.030 (-0.133 - 0.192) 
TRANCE <0.01 0.04 -0.137 (-0.298 - 0.024) 0.01 0.07 0.231 (0.068 - 0.395) 
TWEAK 0.58 0.81 -0.045 (-0.206 - 0.117) 0.63 0.83 0.041 (-0.123 - 0.205) 

uPA 0.18 0.43 -0.183 (-0.344 - -0.022) 0.18 0.46 0.105 (-0.050 - 0.260) 
VEGFA 0.12 0.38 0.023 (-0.138 - 0.185) 0.09 0.38 0.140 (-0.020 - 0.300) 

**46 infants had an NA value for FGF-5. 
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Supplementary Table 3. Logistic regression associations of infant serum biomarker levels 
with current HMF status among one-year-old CHILD cohort infants (full study population, 
n=605). Results from univariable and multivariable (adjusting for time until blood sample 
centrifugation, sex, and study site) logistic regression models that use Olink biomarker levels 
(standardized NPX), independently, to predict infant current HMF status (Yes/No). The not 
currently HMF infant group was used as reference. Odds ratios are per one standard deviation 
increase of standardized biomarker level. The Benjamini-Hochberg method was used for FDR p-
value correction. Bolded variables have a p-value <0.05. 

Olink 
Biomarkers Univariable Multivariable 

 Odds Ratio 
(95% CI) P-Value FDR 

P-Value 
Area under ROC 

Curve (AUC) 
(95% CI) 

Odds Ratio 
(95% CI) P-Value FDR 

P-Value 

Area under ROC 
Curve (AUC) 

(95% CI) 
4E-BP1 0.76 (0.62 - 0.93) <0.01 0.07 0.51 (0.42 - 0.59) 0.77 (0.63 - 0.95) 0.02 0.13 0.52 (0.43 - 0.61) 
ADA 0.88 (0.72 - 1.06) 0.18 0.47 0.54 (0.45- 0.62) 0.94 (0.76 - 1.15) 0.53 0.82 0.53 (0.44 - 0.61) 

AXIN1 0.85 (0.70 - 1.03) 0.10 0.35 0.55 (0.46 - 0.63) 0.98 (0.79 - 1.23) 0.89 0.90 0.54 (0.45 - 0.62) 
CASP-8 0.85 (0.69 - 1.03) 0.09 0.35 0.51 (0.42 - 0.59) 0.84 (0.64 - 1.11) 0.22 0.48 0.54 (0.45 - 0.62) 
CCL11 1.11 (0.91 - 1.34) 0.30 0.60 0.56 (0.47 - 0.64) 1.17 (0.96 - 1.42) 0.13 0.48 0.54 (0.45 - 0.62) 
CCL19 1.00 (0.82 - 1.20) 0.96 0.97 0.52 (0.44 - 0.60) 0.96 (0.78 - 1.18) 0.67 0.82 0.53 (0.45 - 0.62) 
CCL20 1.33 (1.09 - 1.64) <0.01  0.06 0.53 (0.45 - 0.62) 1.40 (1.13 - 1.73) <0.01 0.04 0.56 (0.48 - 0.65) 
CCL23 1.03 (0.84 - 1.25) 0.79 0.97 0.49 (0.41 - 0.58) 1.05 (0.86 - 1.30) 0.61 0.82 0.53 (0.44 - 0.62) 
CCL25 1.01 (0.83 - 1.23) 0.89 0.97 0.53 (0.45 - 0.62) 1.04 (0.85 - 1.28) 0.68 0.82 0.54 (0.45 - 0.62) 
CCL28 1.08 (0.88 - 1.31) 0.47 0.75 0.62 (0.54 - 0.71) 1.05 (0.85 - 1.30) 0.63 0.82 0.55 (0.47 - 0.64) 
CCL3 1.12 (0.92 - 1.35) 0.26 0.55 0.53 (0.44 - 0.61) 1.15 (0.93 - 1.42) 0.20 0.48 0.54 (0.45 - 0.63) 
CCL4 1.20 (0.98 - 1.46) 0.07 0.34 0.55 (0.47 - 0.64) 1.22 (0.99 - 1.51) 0.07 0.35 0.55 (0.47 - 0.64) 
CD244 1.35 (1.09 - 1.66) <0.01 0.06 0.61 (0.52 - 0.69) 1.53 (1.20 - 1.95) <0.01 0.02 0.59 (0.50 - 0.67) 
CD40 1.04 (0.86 - 1.27) 0.67 0.91 0.53 (0.45 - 0.62) 1.18 (0.91 - 1.53) 0.21 0.48 0.54 (0.45 - 0.63) 
CD5 1.22 (1.00 - 1.49) 0.05 0.30 0.49 (0.40 - 0.57) 1.31 (1.06 - 1.62) 0.01 0.13 0.53 (0.44 - 0.61) 
CD6 1.26 (1.04 - 1.53) 0.02 0.15 0.49 (0.40 - 0.57) 1.34 (1.09 - 1.65) 0.01 0.09 0.53 (0.45 - 0.62) 

CD8A 1.11 (0.92 - 1.33) 0.29 0.58 0.52 (0.44 - 0.61) 1.10 (0.91 - 1.34) 0.33 0.65 0.53 (0.44 - 0.62) 
CDCP1 1.18 (0.97 - 1.43) 0.11 0.35 0.50 (0.41 - 0.59) 1.23 (1.01 - 1.51) 0.04 0.26 0.53 (0.45 - 0.62) 
CSF-1 1.04 (0.85 - 1.26) 0.71 0.94 0.52 (0.44 - 0.61) 1.08 (0.87 - 1.33) 0.51 0.82 0.53 (0.45 - 0.62) 
CST5 0.99 (0.82 - 1.20) 0.91 0.97 0.51 (0.43 - 0.59) 1.02 (0.83 - 1.24) 0.89 0.90 0.53 (0.45 - 0.62) 

CX3CL1 1.06 (0.87 - 1.29) 0.56 0.81 0.54 (0.46 - 0.63) 1.02 (0.83 - 1.26) 0.82 0.86 0.54 (0.46 - 0.63) 
CXCL1 1.09 (0.89 - 1.32) 0.42 0.71 0.60 (0.52 - 0.68) 1.16 (0.94 - 1.44) 0.16 0.48 0.57 (0.48 - 0.65) 
CXCL10 0.92 (0.76 - 1.11) 0.37 0.68 0.53 (0.44 - 0.61) 0.92 (0.75 - 1.11) 0.38 0.67 0.53 (0.45 - 0.62) 
CXCL11 0.94 (0.77 - 1.13) 0.49 0.77 0.55 (0.46 - 0.63) 0.96 (0.78 - 1.18) 0.71 0.82 0.53 (0.45 - 0.62) 
CXCL5 1.14 (0.94 - 1.38) 0.18 0.47 0.53 (0.44 - 0.61) 1.16 (0.94 - 1.42) 0.16 0.48 0.53 (0.44 - 0.62) 
CXCL6 1.39 (1.14 - 1.70) <0.01 0.04 0.64 (0.55 - 0.72) 1.40 (1.14 - 1.73) <0.01 0.04 0.60 (0.51 - 0.68) 
CXCL9 0.87 (0.71 - 1.05) 0.15 0.45 0.57 (0.49 - 0.66) 0.89 (0.73 - 1.10) 0.28 0.58 0.52 (0.44 - 0.61) 
DNER 1.17 (0.97 - 1.42) 0.10 0.35 0.53 (0.45 - 0.62) 1.18 (0.97 - 1.44) 0.09 0.47 0.54 (0.45 - 0.62) 

EN-RAGE 0.72 (0.59 - 0.87) <0.01 0.04 0.57 (0.48 - 0.65) 0.75 (0.59 - 0.97) 0.03 0.18 0.55 (0.47 - 0.64) 
FGF-19 1.12 (0.92 - 1.36) 0.26 0.55 0.55 (0.47 - 0.64) 1.07 (0.87 - 1.31) 0.53 0.82 0.53 (0.44 - 0.61) 
FGF-21 1.71 (1.38 - 2.12) <0.01 <0.01 0.69 (0.62 - 0.77) 1.73 (1.39 - 2.16) <0.01 <0.01 0.67 (0.59 - 0.75) 
FGF-23 0.87 (0.72 - 1.07) 0.18 0.47 0.59 (0.48 - 0.65) 0.87 (0.71 - 1.07) 0.19 0.48 0.51 (0.43 - 0.60) 



 
 
114 
 

**46 infants had an NA value for FGF-5. 

FGF-5** 1.04 (0.86 - 1.26) 0.67 0.87 0.54 (0.45 - 0.63) 1.05 (0.86 – 1.30) 0.63 0.82 0.51 (0.42 - 0.59) 
Flt3L 1.08 (0.89 - 1.32) 0.42 0.71 0.51 (0.42 - 0.59) 1.05 (0.86 - 1.29) 0.61 0.82 0.53 (0.45 - 0.62) 
HGF 0.89 (0.73 - 1.08) 0.25 0.55 0.51 (0.43 - 0.59) 0.93 (0.75 - 1.17) 0.55 0.82 0.54 (0.45 - 0.62) 
IFN-γ 0.86 (0.71 - 1.05) 0.13 0.42 0.56 (0.48 - 0.64) 0.86 (0.71 - 1.06) 0.15 0.48 0.53 (0.44 - 0.61) 

IL-10RA 0.94 (0.77 - 1.14) 0.51 0.77 0.54 (0.46 - 0.62) 0.96 (0.78 - 1.17) 0.69 0.82 0.53 (0.44 - 0.61) 
IL-10RB 1.19 (0.98 - 1.44) 0.09 0.35 0.62 (0.54 - 0.70) 1.17 (0.96 - 1.44) 0.11 0.48 0.57 (0.49 - 0.66) 
IL-12B 1.07 (0.88 - 1.29) 0.52 0.77 0.50 (0.41 - 0.58) 1.09 (0.89 - 1.33) 0.39 0.68 0.54 (0.45 - 0.62) 

IL-15RA 1.03 (0.85 - 1.25) 0.75 0.94 0.55 (0.46 - 0.63) 1.04 (0.85 - 1.27) 0.70 0.82 0.54 (0.45 - 0.63) 
IL-17A 0.88 (0.72 - 1.08) 0.22 0.51 0.55 (0.47 - 0.64) 0.87 (0.71 - 1.07) 0.19 0.48 0.54 (0.46 - 0.63) 
IL-17C 1.09 (0.90 - 1.32) 0.38 0.68 0.51 (0.42 - 0.59) 1.10 (0.90 - 1.34) 0.35 0.65 0.54 (0.45 - 0.62) 
IL-18 1.04 (0.86 - 1.26) 0.66 0.91 0.52 (0.44 - 0.61) 1.09 (0.89 - 1.33) 0.42 0.71 0.52 (0.44 - 0.61) 

IL-18R1 0.85 (0.70 - 1.04) 0.11 0.35 0.50 (0.42 - 0.59) 0.85 (0.69 - 1.04) 0.11 0.48 0.54 (0.45 - 0.62) 
IL-4 0.95 (0.77 - 1.17) 0.63 0.89 0.56 (0.47 - 0.64) 0.95 (0.77 - 1.17) 0.62 0.82 0.54 (0.45 - 0.62) 
IL-6 1.06 (0.88 - 1.29) 0.53 0.78 0.50 (0.42 - 0.59) 1.13 (0.91 - 1.40) 0.28 0.58 0.54 (0.45 - 0.62) 
IL-7 1.15 (0.94 - 1.40) 0.17 0.47 0.54 (0.45 - 0.62) 1.15 (0.93 - 1.41) 0.20 0.48 0.54 (0.45 - 0.63) 
IL-8 1.01 (0.83 - 1.22) 0.96 0.97 0.51 (0.43 - 0.60) 1.07 (0.82 - 1.40) 0.61 0.82 0.52 (0.43 - 0.61) 
IL10 1.00 (0.82 - 1.20) 0.97 0.97 0.54 (0.46 - 0.63) 1.04 (0.85 - 1.27) 0.69 0.82 0.53 (0.45 - 0.62) 

LAP TGF-β-1 1.18 (0.97 - 1.42) 0.09 0.35 0.47 (0.38 - 0.55) 1.16 (0.95 - 1.42) 0.14 0.48 0.53 (0.45 - 0.62) 
LIF-R 1.13 (0.93 - 1.36) 0.22 0.51 0.54 (0.45 - 0.63) 1.13 (0.93 - 1.38) 0.22 0.48 0.55 (0.46 - 0.63) 
MCP-1 1.00 (0.83 - 1.22) 0.97 0.97 0.50 (0.42 - 0.59) 1.04 (0.84 - 1.29) 0.72 0.82 0.53 (0.44 - 0.61) 
MCP-2 0.99 (0.82 - 1.20) 0.92 0.97 0.47 (0.38 - 0.55) 0.99 (0.82 - 1.21) 0.94 0.94 0.53 (0.45 - 0.62) 
MCP-3 1.08 (0.89 - 1.32) 0.44 0.72 0.55 (0.47 - 0.64) 1.19 (0.90 - 1.56) 0.22 0.48 0.53 (0.44 - 0.61) 
MCP-4 1.13 (0.93 - 1.36) 0.22 0.51 0.55 (0.47 - 0.63) 1.14 (0.93 - 1.38) 0.20 0.48 0.55 (0.46 - 0.63) 
MMP-1 1.20 (0.98 - 1.46) 0.07 0.34 0.56 (0.48 - 0.65) 1.16 (0.94 - 1.42) 0.16 0.48 0.55 (0.47 - 0.64) 
MMP-10 1.02 (0.84 - 1.24) 0.85 0.97 0.51 (0.43 - 0.60) 1.03 (0.84 - 1.25) 0.81 0.86 0.53 (0.44 - 0.62) 

NT-3 0.90 (0.74 - 1.10) 0.31 0.60 0.53 (0.44 - 0.61) 0.91 (0.74 - 1.12) 0.37 0.67 0.53 (0.44 - 0.61) 
OPG 1.12 (0.92 - 1.37) 0.25 0.55 0.51 (0.43 - 0.60) 1.14 (0.93 - 1.40) 0.21 0.48 0.53 (0.44 - 0.61) 
OSM 0.97 (0.80 - 1.18) 0.74 0.94 0.51 (0.43 - 0.60) 1.09 (0.83 - 1.41) 0.55 0.82 0.53 (0.44 - 0.62) 

PD-L1 0.81 (0.66 - 0.98) 0.03 0.24 0.48 (0.40 - 0.57) 0.85 (0.70 - 1.05) 0.13 0.48 0.53 (0.45 - 0.62) 
SCF 1.01 (0.84 - 1.22) 0.93 0.97 0.55 (0.46 - 0.63) 0.99 (0.81 - 1.20) 0.88 0.90 0.54 (0.45 - 0.62) 

SIRT2 0.75 (0.61 - 0.91) <0.01 0.06 0.52 (0.44 - 0.61) 0.77 (0.62 - 0.96) 0.02 0.13 0.53 (0.44 - 0.62) 
SLAMF1 1.01 (0.84 - 1.23) 0.91 0.97 0.51 (0.42 - 0.59) 1.04 (0.85 - 1.27) 0.68 0.82 0.54 (0.45 - 0.62) 
ST1A1 1.09 (0.90 - 1.32) 0.38 0.68 0.53 (0.44 - 0.61) 1.11 (0.90 - 1.36) 0.34 0.65 0.53 (0.45 - 0.62) 

STAMBP 0.72 (0.59 - 0.89) <0.01 0.04 0.52 (0.43 - 0.60) 0.77 (0.62 - 0.95) 0.02 0.13 0.52 (0.43 - 0.61) 
TGF-ɑ 0.97 (0.79 - 1.18) 0.75 0.94 0.54 (0.45 - 0.63) 1.04 (0.84 - 1.29) 0.75 0.82 0.54 (0.46 - 0.63) 
TNF 1.22 (0.99 - 1.50) 0.07 0.34 0.50 (0.42 - 0.59) 1.26 (1.01 - 1.56) 0.040 0.250 0.56 (0.47 - 0.64) 

TNFB 0.98 (0.81 - 1.20) 0.87 0.97 0.55 (0.47 - 0.64) 1.03 (0.84 - 1.26) 0.79 0.86 0.54 (0.46 - 0.63) 
TNFRSF9 1.24 (1.02 - 1.52) 0.03 0.24 0.53 (0.44 - 0.61) 1.31 (1.06 - 1.61) 0.01 0.13 0.52 (0.43 - 0.61) 
TNFSF14 0.99 (0.81 - 1.19) 0.87 0.97 0.53 (0.44 - 0.61) 1.04 (0.82 - 1.32) 0.74 0.82 0.54 (0.45 - 0.62) 

TRAIL 1.02 (0.84 - 1.24) 0.83 0.97 0.49 (0.41 - 0.57) 1.05 (0.86 - 1.28) 0.66 0.82 0.53 (0.44 - 0.61) 
TRANCE 1.20 (0.99 - 1.46) 0.06 0.34 0.60 (0.52 - 0.69) 1.17 (0.96 - 1.43) 0.13 0.48 0.57 (0.48 - 0.65) 
TWEAK 1.04 (0.86 - 1.25) 0.72 0.94 0.53 (0.44 - 0.61) 1.04 (0.85 - 1.26) 0.71 0.82 0.54 (0.45 - 0.62) 

uPA 1.08 (0.89 - 1.32) 0.41 0.71 0.48 (0.39 - 0.57) 1.05 (0.85 - 1.30) 0.66 0.82 0.55 (0.46 - 0.63) 
VEGFA 1.01 (0.83 - 1.23) 0.94 0.97 0.63 (0.55 - 0.71) 1.05 (0.86 - 1.30) 0.63 0.82 0.55 (0.46 - 0.63) 
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Supplementary Table 4. Evaluating AUC value differences between univariable and 
multivariable logistic regression models. Biomarkers included were shown to have a 
significant ability to predict infant HMF status at blood sample collection in univariable logistic 
regression. Multivariable models include study site, sex, and time until blood sample 
centrifugation. Results are p-values from DeLong’s test for two correlated ROC curves. P-
value<0.05 indicates AUC values are different. 
Model P-value 

CCL20 0.48 
CD244 0.66 
CXCL6 0.32 
FGF-21 0.56 

EN-RAGE 0.69 
CCL20 + CD244 + CXCL6 + FGF-21 + 

EN-RAGE 
0.14 
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Supplementary Table 5. Linear regression associations of infant serum biomarker levels 
with continuous HMF duration among one-year-old CHILD cohort infants (not currently 
HMF subset, n=347). Results from univariable and multivariable (adjusting for time until blood 
sample centrifugation, sex, and study site) linear regression models that use continuous HMF 
duration (months) to predict biomarker levels (standardized NPX). 

Olink 
Biomarkers Univariable Multivariable 

 P-value FDR 
P-value 

β-Coefficient 
(95% CI) P-value FDR 

P-value 
β-Coefficient 

(95% CI) 
4E-BP1 0.90 0.96 -0.002 (-0.029 - 0.025) 0.68 0.97 0.006 (-0.022 - 0.033) 
ADA 0.22 0.96 0.017 (-0.010 - 0.044) 0.12 0.78 0.021 (-0.005 - 0.048) 

AXIN1 0.30 0.96 0.014 (-0.013 - 0.041) 0.07 0.71 0.024 (-0.002 - 0.050) 
CASP-8 0.78 0.96 -0.004 (-0.031 - 0.023) 0.48 0.97 -0.007 (-0.025 - 0.012) 
CCL11 0.20 0.96 0.018 (-0.010 - 0.045) 0.30 0.97 0.015 (-0.013 - 0.042) 
CCL19 0.84 0.96 -0.003 (-0.030 - 0.024) 0.74 0.97 -0.005 (-0.031 - 0.022) 
CCL20 0.70 0.96 -0.005 (-0.032 - 0.022) 0.30 0.97 -0.015 (-0.042 - 0.013) 
CCL23 0.78 0.96 0.004 (-0.023 - 0.031) 0.59 0.97 0.008 (-0.020 - 0.035) 
CCL25 0.13 0.92 -0.021 (-0.048 - 0.006) 0.25 0.97 -0.016 (-0.044 - 0.012) 
CCL28 0.47 0.96 0.010 (-0.017 - 0.037) 0.84 0.97 0.003 (-0.025 - 0.030) 
CCL3 0.62 0.96 0.007 (-0.020 - 0.034) 0.85 0.97 -0.002 (-0.027 - 0.022) 
CCL4 0.80 0.96 0.004 (-0.024 - 0.031) 0.81 0.97 -0.003 (-0.029 - 0.023) 
CD244 0.02 0.48 0.032 (0.005 - 0.059) 0.01 0.37 0.031 (0.007 - 0.056) 
CD40 0.60 0.96 0.007 (-0.020 - 0.034) 0.64 0.97 0.005 (-0.015 - 0.025) 
CD5 0.83 0.96 -0.003 (-0.030 - 0.024) 0.88 0.97 -0.002 (-0.029 - 0.025) 
CD6 0.25 0.96 0.016 (-0.011 - 0.043) 0.18 0.94 0.018 (-0.008 - 0.045) 

CD8A 0.59 0.96 0.007 (-0.020 - 0.035) 0.68 0.97 0.006 (-0.022 - 0.033) 
CDCP1 0.29 0.96 0.015 (-0.013 - 0.042) 0.19 0.94 0.019 (-0.009 - 0.047) 
CSF-1 0.69 0.96 0.006 (-0.022 - 0.033) 0.76 0.97 0.004 (-0.023 - 0.031) 
CST5 0.07 0.77 -0.025 (-0.052 - 0.002) 0.27 0.97 -0.016 (-0.043 - 0.012) 

CX3CL1 0.03 0.48 -0.031 (-0.058 - -0.004) 0.06 0.71 -0.027 (-0.054 - 0.001) 
CXCL1 0.21 0.96 0.017 (-0.010 - 0.044) 0.39 0.97 0.012 (-0.015 - 0.039) 
CXCL10 0.71 0.96 0.005 (-0.022 - 0.032) 0.83 0.97 0.003 (-0.025 - 0.031) 
CXCL11 0.58 0.96 0.008 (-0.020 - 0.035) 0.86 0.97 0.002 (-0.025 - 0.030) 
CXCL5 0.90 0.96 0.002 (-0.025 - 0.029) 0.88 0.97 0.002 (-0.025 - 0.029) 
CXCL6 0.37 0.96 0.012 (-0.015 - 0.040) 0.56 0.97 0.008 (-0.019 - 0.036) 
CXCL9 0.01 0.33 0.035 (0.008 - 0.062) 0.02 0.37 0.034 (0.006 - 0.062) 
DNER 0.80 0.96 -0.003 (-0.031 - 0.024) 0.63 0.97 -0.007 (-0.035 - 0.021) 

EN-RAGE 0.28 0.96 -0.015 (-0.042 - 0.012) 0.17 0.94 -0.015 (-0.037 - 0.007) 
FGF-19 0.08 0.77 -0.024 (-0.051 - 0.003) 0.06 0.71 -0.027 (-0.055 - 0.001) 
FGF-21 0.96 0.97 0.001 (-0.026 - 0.028) 0.76 0.97 0.004 (-0.024 - 0.032) 
FGF-23 0.61 0.96 -0.007 (-0.034 - 0.020) 0.88 0.97 -0.002 (-0.03 - 0.026) 
FGF-5** 0.77 0.96 0.004 (-0.024 - 0.033) 0.79 0.97 0.004 (-0.025 - 0.033) 

Flt3L 0.10 0.83 0.022 (-0.005 - 0.049) 0.07 0.71 0.026 (-0.002 - 0.054) 
HGF 0.70 0.96 -0.005 (-0.033 - 0.022) 0.49 0.97 -0.009 (-0.034 - 0.016) 
IFN-γ 0.68 0.96 0.006 (-0.021 - 0.033) 0.90 0.97 0.002 (-0.026 - 0.030) 

IL-10RA 0.26 0.96 -0.016 (-0.043 - 0.012) 0.30 0.97 -0.015 (-0.043 - 0.013) 
IL-10RB 0.34 0.96 0.013 (-0.014 - 0.040) 0.24 0.97 0.017 (-0.011 - 0.044) 
IL-12B 0.57 0.96 -0.008 (-0.035 - 0.019) 0.42 0.97 -0.012 (-0.040 - 0.016) 

IL-15RA 0.22 0.96 0.017 (-0.010 - 0.044) 0.22 0.97 0.018 (-0.010 - 0.046) 
IL-17A 0.48 0.96 0.010 (-0.017 - 0.037) 0.47 0.97 0.01 (-0.018 - 0.039) 
IL-17C 0.40 0.96 -0.012 (-0.039 - 0.015) 0.40 0.97 -0.012 (-0.040 - 0.016) 
IL-18 0.65 0.96 0.006 (-0.021 - 0.033) 0.65 0.97 0.006 (-0.021 - 0.034) 

IL-18R1 0.45 0.96 0.010 (-0.017 - 0.038) 0.45 0.97 0.011 (-0.017 - 0.038) 
IL-4 0.95 0.97 0.001 (-0.026 - 0.028) 0.88 0.97 0.002 (-0.026 - 0.030) 
IL-6 0.69 0.96 0.006 (-0.022 - 0.033) 0.81 0.97 -0.003 (-0.028 - 0.022) 
IL-7 <0.01 0.08 0.045 (0.018 - 0.072) <0.01 0.07 0.049 (0.022 - 0.076) 
IL-8 0.57 0.96 0.008 (-0.019 - 0.035) 0.61 0.97 -0.005 (-0.024 - 0.014) 
IL-10 0.03 0.54 0.030 (0.003 - 0.057) 0.06 0.71 0.027 (-0.001 - 0.055) 

LAP TGF-β-1 0.93 0.97 -0.001 (-0.028 - 0.026) 0.81 0.97 -0.003 (-0.030 - 0.024) 
LIF-R 0.08 0.77 0.024 (-0.003 - 0.051) 0.09 0.75 0.025 (-0.003 - 0.053) 
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MCP-1 0.87 0.96 -0.002 (-0.030 - 0.025) 0.52 0.97 -0.008 (-0.034 - 0.017) 
MCP-2 0.27 0.958 -0.015 (-0.042 - 0.012) 0.27 0.97 -0.016 (-0.044 - 0.012) 
MCP-3 0.28 0.96 0.015 (-0.012 - 0.042) 0.97 0.97 0.000 (-0.019 - 0.020) 
MCP-4 0.75 0.96 0.004 (-0.023 - 0.032) 0.92 0.97 0.001 (-0.027 - 0.029) 
MMP-1 0.73 0.96 -0.005 (-0.032 - 0.022) 0.85 0.97 -0.003 (-0.031 - 0.025) 
MMP-10 0.56 0.96 -0.008 (-0.035 - 0.019) 0.42 0.97 -0.012 (-0.039 - 0.016) 

NT-3 0.76 0.96 0.004 (-0.023 - 0.031) 0.80 0.97 0.004 (-0.024 - 0.032) 
OPG 0.62 0.96 0.007 (-0.020 - 0.034) 0.46 0.97 0.011 (-0.017 - 0.039) 
OSM 0.78 0.96 0.004 (-0.023 - 0.031) 0.67 0.97 -0.004 (-0.025 - 0.016) 

PD-L1 0.51 0.96 0.009 (-0.018 - 0.036) 0.52 0.97 0.009 (-0.018 - 0.037) 
SCF 0.01 0.25 -0.037 (-0.064 - -0.010) 0.01 0.27 -0.039 (-0.067 - -0.012) 

SIRT2 0.70 0.96 0.005 (-0.022 - 0.032) 0.50 0.97 0.009 (-0.018 - 0.037) 
SLAMF1 0.06 0.77 0.026 (-0.001 - 0.053) 0.02 0.37 0.034 (0.006 - 0.062) 
ST1A1 0.96 0.97 0.001 (-0.027 - 0.028) 0.88 0.97 0.002 (-0.024 - 0.029) 

STAMBP 0.65 0.96 0.006 (-0.021 - 0.033) 0.37 0.97 0.013 (-0.015 - 0.041) 
TGF-ɑ 0.76 0.96 0.004 (-0.023 - 0.031) 0.93 0.97 -0.001 (-0.027 - 0.025) 
TNF 0.41 0.96 0.011 (-0.016 - 0.038) 0.69 0.97 0.006 (-0.022 - 0.034) 

TNFB 0.12 0.90 0.021 (-0.006 - 0.048) 0.05 0.71 0.028 (0.000 - 0.056) 
TNFRSF9 0.52 0.96 -0.009 (-0.036 - 0.018) 0.57 0.97 -0.008 (-0.036 - 0.020) 
TNFSF14 0.66 0.96 -0.006 (-0.033 - 0.021) 0.37 0.97 -0.010 (-0.032 - 0.012) 

TRAIL 0.95 0.97 0.001 (-0.026 - 0.028) 0.90 0.97 0.002 (-0.026 - 0.030) 
TRANCE 0.90 0.96 0.002 (-0.025 - 0.029) 0.92 0.97 -0.001 (-0.030 - 0.027) 
TWEAK 0.41 0.96 -0.011 (-0.039 - 0.016) 0.51 0.97 -0.009 (-0.038 - 0.019) 

uPA 0.63 0.96 -0.007 (-0.034 - 0.020) 0.83 0.97 0.003 (-0.024 - 0.029) 
VEGFA 0.47 0.96 0.010 (-0.017 - 0.037) 0.72 0.97 0.005 (-0.023 - 0.032) 

**46 infants had an NA value for FGF-5. 
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Supplementary Table 6. Linear regression associations of infant serum biomarker levels 
with continuous exclusive HMF duration among one-year-old CHILD cohort infants (not 
currently HMF subset, n=347). Results from univariable and multivariable (adjusting for time 
until blood sample centrifugation, sex, and study site) linear regression models that use 
continuous exclusive HMF duration (months) to predict biomarker levels (standardized NPX). 

Olink 
Biomarkers Univariable  Multivariable 

 P-value FDR 
P-value 

β-Coefficient 
(95% CI) P-value FDR 

P-value 
β-Coefficient 

(95% CI) 
4E-BP1 0.42 0.96 -0.019 (-0.067 - 0.028) 0.55 0.97 -0.015 (-0.062 - 0.033) 
ADA 0.12 0.90 -0.037 (-0.084 - 0.010) 0.16 0.91 -0.033 (-0.078 - 0.013) 

AXIN1 0.63 0.96 0.012 (-0.036 - 0.060) 0.57 0.97 0.013 (-0.032 - 0.058) 
CASP-8 0.48 0.96 -0.017 (-0.065 - 0.030) 0.67 0.97 -0.007 (-0.039 - 0.025) 
CCL11 0.24 0.96 0.029 (-0.019 - 0.076) 0.33 0.97 0.023 (-0.024 - 0.071) 
CCL19 0.64 0.96 0.011 (-0.036 - 0.059) 0.92 0.97 0.002 (-0.043 - 0.048) 
CCL20 0.71 0.96 0.009 (-0.039 - 0.057) 0.88 0.97 -0.004 (-0.052 - 0.044) 
CCL23 0.40 0.96 0.020 (-0.027 - 0.068) 0.48 0.97 0.017 (-0.031 - 0.065) 
CCL25 0.08 0.77 -0.042 (-0.089 - 0.005) 0.10 0.75 -0.040 (-0.088 - 0.008) 
CCL28 0.84 0.96 0.005 (-0.043 - 0.053) 0.93 0.97 -0.002 (-0.050 - 0.045) 
CCL3 0.63 0.96 0.012 (-0.036 - 0.059) 0.45 0.97 0.017 (-0.027 - 0.060) 
CCL4 0.90 0.96 -0.003 (-0.051 - 0.045) 0.89 0.97 0.003 (-0.042 - 0.048) 
CD244 0.64 0.96 0.012 (-0.036 - 0.059) 0.44 0.97 0.017 (-0.026 - 0.060) 
CD40 0.54 0.96 -0.015 (-0.062 - 0.033) 0.75 0.97 -0.006 (-0.040 - 0.029) 
CD5 0.58 0.96 -0.013 (-0.061 - 0.034) 0.72 0.97 -0.008 (-0.055 - 0.038) 
CD6 0.23 0.96 0.029 (-0.018 - 0.076) 0.11 0.75 0.038 (-0.008 - 0.084) 

CD8A 0.09 0.83 0.041 (-0.007 - 0.088) 0.15 0.91 0.035 (-0.013 - 0.083) 
CDCP1 0.58 0.96 0.013 (-0.034 - 0.061) 0.51 0.97 0.016 (-0.032 - 0.065) 
CSF-1 0.91 0.96 -0.003 (-0.050 - 0.045) 0.92 0.97 0.002 (-0.044 - 0.049) 
CST5 0.63 0.96 -0.012 (-0.059 - 0.036) 0.95 0.97 -0.002 (-0.050 - 0.047) 

CX3CL1 0.35 0.96 -0.023 (-0.070 - 0.025) 0.38 0.97 -0.021 (-0.069 - 0.026) 
CXCL1 0.50 0.96 0.016 (-0.031 - 0.064) 0.69 0.97 0.010 (-0.038 - 0.057) 
CXCL10 0.89 0.96 -0.003 (-0.051 - 0.044) 0.73 0.97 -0.009 (-0.058 - 0.040) 
CXCL11 0.48 0.96 -0.017 (-0.065 - 0.031) 0.31 0.97 -0.024 (-0.071 - 0.023) 
CXCL5 0.47 0.96 0.018 (-0.030 - 0.065) 0.75 0.97 0.008 (-0.039 - 0.054) 
CXCL6 0.07 0.77 0.043 (-0.004 - 0.091) 0.10 0.75 0.040 (-0.008 - 0.088) 
CXCL9 0.98 0.98 0.001 (-0.047 - 0.048) 0.75 0.97 -0.008 (-0.056 - 0.041) 
DNER 0.84 0.96 0.005 (-0.043 - 0.053) 0.74 0.97 0.008 (-0.040 - 0.056) 

EN-RAGE 0.73 0.96 -0.008 (-0.056 - 0.039) 0.61 0.97 -0.010 (-0.049 - 0.029) 
FGF-19 0.10 0.83 -0.038 (-0.084 - 0.007) 0.11 0.75 -0.039 (-0.086 - 0.008) 
FGF-21 0.24 0.96 0.028 (-0.019 - 0.075) 0.21 0.96 0.031 (-0.017 - 0.079) 
FGF-23 0.91 0.96 -0.003 (-0.050 - 0.045) 1.00 1.00 0.000 (-0.048 - 0.048) 
FGF-5** 0.26 0.96 0.028 (-0.021 - 0.078) 0.30 0.97 0.027 (-0.024 - 0.077) 

Flt3L 0.18 0.96 0.033 (-0.015 - 0.080) 0.10 0.75 0.041 (-0.007 - 0.089) 
HGF 0.36 0.96 -0.022 (-0.070 - 0.025) 0.33 0.97 -0.022 (-0.066 - 0.022) 
IFN-γ 0.67 0.96 -0.010 (-0.058 - 0.037) 0.46 0.97 -0.018 (-0.067 - 0.031) 

IL-10RA 0.51 0.96 -0.016 (-0.062 - 0.031) 0.55 0.97 -0.014 (-0.062 - 0.033) 
IL-10RB 0.64 0.96 -0.011 (-0.059 - 0.036) 0.78 0.97 -0.007 (-0.055 - 0.042) 
IL-12B 0.73 0.96 0.008 (-0.040 - 0.056) 0.96 0.97 0.001 (-0.048 - 0.050) 

IL-15RA 0.38 0.96 0.021 (-0.026 - 0.069) 0.43 0.97 0.020 (-0.029 - 0.069) 
IL-17A 0.66 0.96 -0.011 (-0.058 - 0.037) 0.56 0.97 -0.014 (-0.063 - 0.034) 
IL-17C 0.54 0.96 -0.015 (-0.062 - 0.033) 0.47 0.97 -0.018 (-0.067 - 0.031) 
IL-18 0.76 0.96 0.007 (-0.040 - 0.055) 0.82 0.97 0.005 (-0.042 - 0.053) 

IL-18R1 0.94 0.96 -0.002 (-0.049 - 0.046) 0.96 0.97 -0.001 (-0.049 - 0.047) 
IL-4 0.72 0.97 -0.009 (-0.056 - 0.039) 0.85 0.97 -0.005 (-0.054 - 0.044) 
IL-6 0.60 0.96 0.013 (-0.035 - 0.060) 0.50 0.97 0.015 (-0.029 - 0.059) 
IL-7 <0.01 0.08 0.079 (0.032 - 0.126) <0.01 0.11 0.077 (0.030 - 0.124) 
IL-8 0.61 0.96 0.013 (-0.035 - 0.060) 0.32 0.97 0.016 (-0.016 - 0.048) 
IL-10 0.86 0.54 0.004 (-0.043 - 0.052) 0.78 0.97 -0.007 (-0.055 - 0.042) 

LAP TGF-β-1 0.27 0.97 0.027 (-0.021 - 0.075) 0.18 0.94 0.032 (-0.015 - 0.080) 
LIF-R 0.02 0.77 0.055 (0.008 - 0.102) 0.03 0.51 0.055 (0.006 - 0.103) 
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MCP-1 0.88 0.96 0.004 (-0.044 - 0.051) 0.84 0.97 0.005 (-0.040 - 0.049) 
MCP-2 0.88 0.96 0.004 (-0.044 - 0.052) 0.94 0.97 0.002 (-0.047 - 0.051) 
MCP-3 0.28 0.96 0.026 (-0.022 - 0.073) 0.11 0.75 0.027 (-0.006 - 0.060) 
MCP-4 0.80 0.96 -0.006 (-0.054 - 0.042) 0.55 0.97 -0.015 (-0.064 - 0.034) 
MMP-1 0.49 0.96 -0.017 (-0.065 - 0.031) 0.55 0.97 -0.015 (-0.064 - 0.034) 
MMP-10 0.74 0.96 -0.008 (-0.055 - 0.040) 0.42 0.97 -0.020 (-0.068 - 0.029) 

NT-3 0.32 0.96 0.024 (-0.023 - 0.072) 0.26 0.97 0.028 (-0.020 - 0.076) 
OPG 0.31 0.96 0.025 (-0.023 - 0.072) 0.19 0.94 0.032 (-0.016 - 0.081) 
OSM 0.79 0.96 -0.006 (-0.054 - 0.041) 0.80 0.97 -0.004 (-0.039 - 0.030) 

PD-L1 0.83 0.96 -0.005 (-0.053 - 0.043) 0.72 0.97 -0.009 (-0.057 - 0.039) 
SCF <0.01 0.25 -0.07 (-0.117 - -0.023) 0.01 0.32 -0.064 (-0.112 - -0.017) 

SIRT2 0.62 0.96 -0.012 (-0.060 - 0.036) 0.80 0.97 -0.006 (-0.053 - 0.041) 
SLAMF1 0.07 0.77 0.044 (-0.003 - 0.091) 0.04 0.59 0.052 (0.004 - 0.100) 
ST1A1 0.72 0.97 -0.009 (-0.056 - 0.039) 0.82 0.97 -0.005 (-0.051 - 0.041) 

STAMBP 0.46 0.96 -0.018 (-0.065 - 0.030) 0.56 0.97 -0.014 (-0.063 - 0.034) 
TGF-ɑ 0.95 0.96 -0.001 (-0.049 - 0.046) 0.65 0.97 -0.010 (-0.056 - 0.035) 
TNF 0.59 0.96 0.013 (-0.035 - 0.061) 0.73 0.97 0.009 (-0.040 - 0.058) 

TNFB 0.24 0.90 0.028 (-0.019 - 0.076) 0.20 0.96 0.031 (-0.017 - 0.080) 
TNFRSF9 0.39 0.96 -0.021 (-0.068 - 0.027) 0.35 0.97 -0.023 (-0.071 - 0.025) 
TNFSF14 0.38 0.96 -0.021 (-0.069 - 0.026) 0.39 0.97 -0.017 (-0.055 - 0.021) 

TRAIL 0.28 0.97 -0.026 (-0.074 - 0.021) 0.16 0.91 -0.035 (-0.083 - 0.013) 
TRANCE 0.67 0.96 -0.010 (-0.058 - 0.037) 0.56 0.97 -0.014 (-0.064 - 0.035) 
TWEAK 0.81 0.96 0.006 (-0.042 - 0.054) 0.63 0.97 0.012 (-0.037 - 0.061) 

uPA 0.23 0.96 -0.029 (-0.077 - 0.019) 0.64 0.97 -0.011 (-0.057 - 0.035) 
VEGFA 0.35 0.96 0.023 (-0.025 - 0.070) 0.44 0.97 0.019 (-0.029 - 0.066) 

**46 infants had an NA value for FGF-5. 
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Supplementary Table 7. Linear regression associations of infant serum biomarker levels 
with categorical HMF duration (infants grouped in two-month intervals) among one-year-
old CHILD cohort infants (not currently HMF subset, n=347). Results from univariable and 
multivariable (adjusting for time until blood sample centrifugation, sex, and study site) linear 
regression models that use categorical HMF duration (infants grouped in two-month intervals) to 
predict biomarker levels (standardized NPX). The >10m HMF group was used as reference.  

Olink 
Biomarkers 

Variable 
Groups Univariable Multivariable 

  P-value FDR 
P-value 

β -coefficient 
(95% CI) P-value FDR 

P-value 
β -coefficient 

(95% CI) 

4E-BP1 

0m 0.60 0.90 0.139 (-0.378 - 0.656) 0.89 0.97 0.036 (-0.485 - 0.558) 
0 - ≤2m 0.80 0.95 -0.049 (-0.437 - 0.339) 0.41 0.78 -0.163 (-0.554 - 0.228) 
2 - ≤4m 0.71 0.93 -0.079 (-0.494 - 0.336) 0.64 0.87 -0.097 (-0.507 - 0.313) 
4 - ≤6m 0.82 0.95 -0.042 (-0.402 - 0.319) 0.82 0.93 -0.041 (-0.397 - 0.315) 
6 - ≤8m 0.22 0.71 -0.203 (-0.531 - 0.125) 0.23 0.71 -0.199 (-0.525 - 0.127) 
8 - ≤10m 0.86 0.96 -0.029 (-0.364 - 0.306) 0.87 0.96 -0.027 (-0.358 - 0.304) 

ADA 

0m 0.65 0.91 -0.120 (-0.638 - 0.398) 0.31 0.75 -0.258 (-0.763 - 0.246) 
0 - ≤2m 0.23 0.71 -0.235 (-0.623 - 0.153) 0.22 0.71 -0.238 (-0.616 - 0.141) 
2 - ≤4m 0.57 0.89 -0.120 (-0.535 - 0.296) 0.32 0.75 -0.202 (-0.599 - 0.195) 
4 - ≤6m 0.73 0.93 -0.064 (-0.425 - 0.297) 0.47 0.79 -0.126 (-0.471 - 0.218) 
6 - ≤8m 0.82 0.95 -0.038 (-0.366 - 0.290) 0.33 0.75 -0.156 (-0.471 - 0.159) 
8 - ≤10m 0.84 0.95 -0.034 (-0.369 - 0.301) 0.57 0.84 -0.093 (-0.414 - 0.228) 

AXIN1 

0m 0.94 0.98 -0.021 (-0.538 - 0.496) 0.21 0.71 -0.308 (-0.794 - 0.179) 
0 - ≤2m 0.19 0.71 -0.258 (-0.646 - 0.130) 0.06 0.55 -0.354 (-0.718 - 0.011) 
2 - ≤4m 0.53 0.87 -0.133 (-0.548 - 0.283) 0.21 0.71 -0.246 (-0.628 - 0.137) 
4 - ≤6m 0.45 0.84 -0.139 (-0.499 - 0.222) 0.23 0.71 -0.203 (-0.536 - 0.129) 
6 - ≤8m 0.49 0.85 -0.116 (-0.444 - 0.212) 0.06 0.55 -0.290 (-0.594 - 0.014) 
8 - ≤10m 0.89 0.97 -0.023 (-0.358 - 0.312) 0.39 0.77 -0.135 (-0.444 - 0.173) 

CASP-8 

0m 0.50 0.85 0.178 (-0.336 - 0.693) 0.47 0.79 0.130 (-0.221 - 0.480) 
0 - ≤2m 0.43 0.84 -0.154 (-0.540 - 0.232) 0.95 0.98 -0.009 (-0.272 - 0.253) 
2 - ≤4m 0.32 0.80 0.207 (-0.206 - 0.620) 0.45 0.79 0.107 (-0.169 - 0.382) 
4 - ≤6m 0.85 0.95 -0.034 (-0.392 - 0.325) 0.28 0.72 -0.132 (-0.371 - 0.108) 
6 - ≤8m 0.15 0.66 0.240 (-0.086 - 0.567) 0.45 0.79 0.085 (-0.134 - 0.303) 
8 - ≤10m 0.90 0.97 -0.022 (-0.355 - 0.312) 0.49 0.80 -0.078 (-0.300 - 0.145) 

CCL11 

0m 0.42 0.84 0.210 (-0.303 - 0.723) 0.45 0.79 0.199 (-0.319 - 0.716) 
0 - ≤2m 0.05 0.52 -0.390 (-0.775 - -0.006) 0.10 0.58 -0.326 (-0.713 - 0.062) 
2 - ≤4m 0.47 0.85 -0.152 (-0.564 - 0.260) 0.41 0.78 -0.170 (-0.576 - 0.237) 
4 - ≤6m 0.92 0.98 0.018 (-0.340 - 0.375) 0.86 0.95 0.033 (-0.321 - 0.386) 
6 - ≤8m 0.45 0.84 -0.124 (-0.450 - 0.201) 0.28 0.72 -0.179 (-0.502 - 0.144) 
8 - ≤10m 0.75 0.93 0.053 (-0.279 - 0.386) 0.82 0.93 0.039 (-0.290 - 0.367) 

CCL19 

0m 0.07 0.56 0.478 (-0.032 - 0.988) 0.03 0.55 0.553 (0.057 - 1.049) 
0 - ≤2m 0.99 0.99 -0.003 (-0.386 - 0.379) 0.94 0.98 -0.015 (-0.387 - 0.356) 
2 - ≤4m 0.07 0.56 -0.382 (-0.792 - 0.028) 0.11 0.58 -0.319 (-0.709 - 0.071) 
4 - ≤6m 0.30 0.78 -0.190 (-0.545 - 0.166) 0.52 0.82 -0.112 (-0.451 - 0.227) 
6 - ≤8m 0.17 0.68 -0.226 (-0.550 - 0.097) 0.33 0.75 -0.155 (-0.464 - 0.155) 
8 - ≤10m 0.46 0.84 -0.125 (-0.456 - 0.205) 0.59 0.86 -0.085 (-0.400 - 0.230) 

CCL20 

0m 0.38 0.82 0.229 (-0.285 - 0.743) 0.18 0.69 0.357 (-0.162 - 0.875) 
0 - ≤2m 0.26 0.74 -0.220 (-0.606 - 0.165) 0.58 0.85 -0.109 (-0.498 - 0.279) 
2 - ≤4m 0.17 0.68 0.286 (-0.127 - 0.698) 0.10 0.58 0.338 (-0.069 - 0.746) 
4 - ≤6m 0.70 0.93 -0.071 (-0.429 - 0.288) 0.98 1.00 -0.004 (-0.358 - 0.350) 
6 - ≤8m 0.55 0.88 -0.100 (-0.426 - 0.226) 0.66 0.88 -0.073 (-0.397 - 0.251) 
8 - ≤10m 0.54 0.88 -0.103 (-0.436 - 0.230) 0.64 0.87 -0.079 (-0.408 - 0.250) 

CCL23 

0m 0.84 0.95 0.052 (-0.465 - 0.568) 0.83 0.94 -0.055 (-0.577 - 0.466) 
0 - ≤2m 0.22 0.71 -0.244 (-0.631 - 0.144) 0.12 0.60 -0.311 (-0.702 - 0.079) 
2 - ≤4m 0.31 0.78 -0.215 (-0.63 - 0.200) 0.26 0.72 -0.235 (-0.645 - 0.175) 
4 - ≤6m 0.33 0.80 -0.178 (-0.538 - 0.182) 0.37 0.76 -0.163 (-0.519 - 0.193) 
6 - ≤8m 0.48 0.85 -0.118 (-0.446 - 0.210) 0.36 0.75 -0.152 (-0.478 - 0.173) 
8 - ≤10m 0.25 0.72 -0.196 (-0.531 - 0.139) 0.19 0.71 -0.221 (-0.552 - 0.110) 

CCL25 0m 0.03 0.49 0.563 (0.049 - 1.078) 0.08 0.58 0.472 (-0.053 - 0.997) 
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0 - ≤2m 0.75 0.93 0.062 (-0.324 - 0.448) 0.98 0.99 0.006 (-0.387 - 0.400) 
2 - ≤4m 0.22 0.71 0.260 (-0.153 - 0.674) 0.27 0.72 0.234 (-0.179 - 0.646) 
4 - ≤6m 0.44 0.84 0.140 (-0.219 - 0.498) 0.39 0.77 0.156 (-0.203 - 0.514) 
6 - ≤8m 0.36 0.82 0.152 (-0.174 - 0.478) 0.46 0.79 0.124 (-0.204 - 0.452) 
8 - ≤10m 0.71 0.93 0.064 (-0.270 - 0.397) 0.70 0.90 0.066 (-0.267 - 0.399) 

CCL28 

0m 0.77 0.95 -0.077 (-0.593 - 0.439) 0.86 0.95 0.046 (-0.470 - 0.562) 
0 - ≤2m 0.48 0.85 -0.139 (-0.526 - 0.248) 0.81 0.93 -0.048 (-0.435 - 0.339) 
2 - ≤4m 0.35 0.81 -0.197 (-0.611 - 0.217) 0.47 0.79 -0.149 (-0.554 - 0.257) 
4 - ≤6m 0.89 0.97 -0.024 (-0.384 - 0.336) 0.81 0.93 0.044 (-0.309 - 0.396) 
6 - ≤8m 0.11 0.61 -0.270 (-0.597 - 0.058) 0.17 0.69 -0.225 (-0.547 - 0.098) 
8 - ≤10m 0.87 0.96 -0.027 (-0.361 - 0.308) 0.89 0.97 0.022 (-0.306 - 0.350) 

CCL3 

0m 0.55 0.88 0.158 (-0.355 - 0.671) 0.16 0.69 0.333 (-0.132 - 0.798) 
0 - ≤2m 0.05 0.52 -0.386 (-0.771 - -0.001) 0.24 0.71 -0.210 (-0.558 - 0.139) 
2 - ≤4m 0.57 0.89 -0.121 (-0.533 - 0.291) 0.55 0.83 -0.110 (-0.476 - 0.256) 
4 - ≤6m 0.16 0.66 -0.258 (-0.616 - 0.100) 0.10 0.58 -0.270 (-0.588 - 0.048) 
6 - ≤8m 0.35 0.82 -0.154 (-0.479 - 0.172) 0.30 0.75 -0.152 (-0.442 - 0.139) 
8 - ≤10m 0.09 0.59 -0.290 (-0.623 - 0.042) 0.10 0.58 -0.250 (-0.545 - 0.046) 

CCL4 

0m 0.34 0.80 0.251 (-0.262 - 0.763) 0.11 0.59 0.388 (-0.094 - 0.869) 
0 - ≤2m 0.04 0.52 -0.394 (-0.778 - -0.009) 0.16 0.69 -0.260 (-0.620 - 0.101) 
2 - ≤4m 0.77 0.95 0.060 (-0.351 - 0.472) 0.74 0.90 0.065 (-0.314 - 0.444) 
4 - ≤6m 0.25 0.71 -0.211 (-0.568 - 0.146) 0.18 0.69 -0.227 (-0.556 - 0.102) 
6 - ≤8m 0.48 0.85 -0.118 (-0.443 - 0.208) 0.47 0.79 -0.110 (-0.411 - 0.191) 
8 - ≤10m 0.23 0.71 -0.203 (-0.535 - 0.129) 0.29 0.74 -0.165 (-0.471 - 0.141) 

CD244 

0m 0.22 0.71 -0.321 (-0.832 - 0.190) 0.10 0.58 -0.387 (-0.847 - 0.073) 
0 - ≤2m 0.03 0.49 -0.425 (-0.808 - -0.041) 0.05 0.55 -0.348 (-0.693 - -0.003) 
2 - ≤4m 0.17 0.68 -0.285 (-0.696 - 0.125) 0.05 0.55 -0.364 (-0.725 - -0.002) 
4 - ≤6m 0.63 0.91 0.089 (-0.268 - 0.445) 0.82 0.93 0.037 (-0.278 - 0.351) 
6 - ≤8m 0.98 0.99 -0.005 (-0.329 - 0.320) 0.39 0.77 -0.126 (-0.413 - 0.161) 
8 - ≤10m 0.84 0.95 0.035 (-0.297 - 0.366) 0.99 1.00 0.002 (-0.290 - 0.294) 

CD40 

0m 0.67 0.93 -0.110 (-0.625 - 0.404) 0.39 0.77 -0.168 (-0.551 - 0.216) 
0 - ≤2m 0.23 0.71 -0.236 (-0.622 - 0.150) 0.45 0.79 -0.111 (-0.399 - 0.176) 
2 - ≤4m 0.37 0.82 0.189 (-0.224 - 0.602) 0.55 0.83 0.092 (-0.209 - 0.394) 
4 - ≤6m 0.80 0.95 0.047 (-0.312 - 0.405) 0.80 0.93 -0.033 (-0.295 - 0.229) 
6 - ≤8m 0.20 0.71 0.214 (-0.112 - 0.540) 0.57 0.84 0.069 (-0.170 - 0.309) 
8 - ≤10m 0.73 0.93 0.058 (-0.275 - 0.391) 0.89 0.97 0.017 (-0.226 - 0.261) 

CD5 

0m 0.03 0.49 0.569 (0.057 - 1.081) 0.04 0.55 0.517 (0.014 - 1.019) 
0 - ≤2m 0.21 0.71 -0.248 (-0.632 - 0.136) 0.28 0.72 -0.208 (-0.584 - 0.169) 
2 - ≤4m 0.57 0.89 -0.118 (-0.529 - 0.293) 0.39 0.77 -0.171 (-0.566 - 0.224) 
4 - ≤6m 0.85 0.95 -0.035 (-0.392 - 0.322) 0.73 0.90 -0.061 (-0.404 - 0.282) 
6 - ≤8m 0.82 0.95 -0.037 (-0.362 - 0.288) 0.45 0.79 -0.122 (-0.435 - 0.192) 
8 - ≤10m 0.47 0.85 -0.121 (-0.453 - 0.211) 0.39 0.77 -0.140 (-0.459 - 0.179) 

CD6 

0m 0.17 0.68 0.355 (-0.156 - 0.866) 0.23 0.71 0.303 (-0.197 - 0.802) 
0 - ≤2m 0.03 0.49 -0.417 (-0.800 - -0.033) 0.04 0.55 -0.388 (-0.763 - -0.014) 
2 - ≤4m 0.18 0.69 -0.278 (-0.688 - 0.132) 0.10 0.58 -0.334 (-0.727 - 0.059) 
4 - ≤6m 0.46 0.84 -0.134 (-0.490 - 0.223) 0.30 0.75 -0.181 (-0.523 - 0.160) 
6 - ≤8m 0.53 0.87 -0.103 (-0.427 - 0.221) 0.26 0.72 -0.179 (-0.491 - 0.133) 
8 - ≤10m 0.14 0.66 -0.248 (-0.579 - 0.083) 0.10 0.58 -0.268 (-0.586 - 0.049) 

CD8A 

0m 0.15 0.66 0.372 (-0.139 - 0.882) 0.11 0.58 0.419 (-0.095 - 0.932) 
0 - ≤2m 0.30 0.78 -0.200 (-0.583 - 0.183) 0.32 0.75 -0.193 (-0.578 - 0.192) 
2 - ≤4m 0.04 0.49 -0.436 (-0.846 - -0.026) 0.05 0.55 -0.400 (-0.804 - 0.004) 
4 - ≤6m 0.51 0.86 -0.120 (-0.476 - 0.236) 0.73 0.90 -0.063 (-0.414 - 0.288) 
6 - ≤8m 0.14 0.66 -0.246 (-0.570 - 0.078) 0.18 0.69 -0.221 (-0.541 - 0.100) 
8 - ≤10m 0.16 0.66 -0.240 (-0.571 - 0.091) 0.19 0.71 -0.218 (-0.545 - 0.108) 

CDCP1 

0m 0.53 0.87 -0.165 (-0.680 - 0.351) 0.31 0.75 -0.272 (-0.800 - 0.255) 
0 - ≤2m 0.40 0.84 -0.164 (-0.551 - 0.222) 0.34 0.75 -0.193 (-0.588 - 0.202) 
2 - ≤4m 0.16 0.66 -0.299 (-0.713 - 0.115) 0.10 0.58 -0.345 (-0.760 - 0.069) 
4 - ≤6m 0.07 0.56 -0.335 (-0.695 - 0.024) 0.05 0.55 -0.366 (-0.726 - -0.005) 
6 - ≤8m 0.21 0.71 -0.209 (-0.536 - 0.118) 0.11 0.58 -0.271 (-0.600 - 0.058) 
8 - ≤10m 0.16 0.66 -0.239 (-0.573 - 0.095) 0.10 0.58 -0.277 (-0.612 - 0.058) 

CSF-1 
0m 0.76 0.94 0.082 (-0.435 - 0.599) 0.76 0.91 0.079 (-0.431 - 0.589) 

0 - ≤2m 0.29 0.77 -0.210 (-0.598 - 0.178) 0.45 0.79 -0.148 (-0.530 - 0.234) 
2 - ≤4m 0.70 0.93 0.082 (-0.333 - 0.497) 0.82 0.93 0.046 (-0.355 - 0.446) 



 
 
122 
 

4 - ≤6m 0.81 0.95 -0.044 (-0.405 - 0.317) 0.64 0.87 -0.083 (-0.431 - 0.265) 
6 - ≤8m 0.99 0.99 -0.002 (-0.331 - 0.326) 0.72 0.90 -0.058 (-0.377 - 0.260) 
8 - ≤10m 0.80 0.95 -0.042 (-0.378 - 0.293) 0.73 0.90 -0.057 (-0.381 - 0.266) 

CST5 

0m 0.16 0.66 0.366 (-0.147 - 0.879) 0.41 0.77 0.220 (-0.300 - 0.740) 
0 - ≤2m 0.48 0.85 0.140 (-0.245 - 0.525) 0.92 0.98 0.021 (-0.369 - 0.411) 
2 - ≤4m 0.23 0.71 0.253 (-0.159 - 0.665) 0.32 0.75 0.206 (-0.202 - 0.615) 
4 - ≤6m 0.30 0.78 0.189 (-0.169 - 0.547) 0.40 0.77 0.152 (-0.204 - 0.507) 
6 - ≤8m 0.36 0.82 0.150 (-0.175 - 0.476) 0.48 0.79 0.116 (-0.209 - 0.440) 
8 - ≤10m 0.36 0.82 -0.156 (-0.488 - 0.176) 0.28 0.72 -0.182 (-0.512 - 0.148) 

CX3CL1 

0m 0.72 0.93 0.091 (-0.415 - 0.597) 0.88 0.96 0.039 (-0.469 - 0.547) 
0 - ≤2m 0.02 0.49 0.471 (0.091 - 0.851) 0.05 0.55 0.386 (0.006 - 0.767) 
2 - ≤4m 0.63 0.91 0.098 (-0.308 - 0.505) 0.60 0.86 0.106 (-0.293 - 0.505) 
4 - ≤6m 0.00 0.37 0.537 (0.184 - 0.890) 0.00 0.28 0.553 (0.206 - 0.900) 
6 - ≤8m 0.82 0.95 -0.037 (-0.358 - 0.284) 0.94 0.98 -0.012 (-0.329 - 0.305) 
8 - ≤10m 0.94 0.98 0.012 (-0.316 - 0.34) 0.93 0.98 0.014 (-0.308 - 0.336) 

CXCL1 

0m 0.94 0.98 -0.019 (-0.531 - 0.492) 0.97 0.99 -0.010 (-0.518 - 0.499) 
0 - ≤2m 0.03 0.49 -0.421 (-0.805 - -0.038) 0.09 0.58 -0.328 (-0.709 - 0.053) 
2 - ≤4m 0.60 0.90 0.110 (-0.300 - 0.521) 0.65 0.87 0.093 (-0.307 - 0.493) 
4 - ≤6m 0.49 0.85 0.125 (-0.231 - 0.482) 0.44 0.79 0.137 (-0.210 - 0.485) 
6 - ≤8m 0.43 0.84 0.130 (-0.194 - 0.455) 0.66 0.88 0.070 (-0.247 - 0.388) 
8 - ≤10m 0.45 0.84 0.126 (-0.205 - 0.457) 0.49 0.80 0.112 (-0.211 - 0.435) 

CXCL10 

0m 0.20 0.71 0.333 (-0.182 - 0.848) 0.20 0.71 0.347 (-0.183 - 0.878) 
0 - ≤2m 0.22 0.71 -0.242 (-0.628 - 0.144) 0.31 0.75 -0.206 (-0.604 - 0.191) 
2 - ≤4m 0.61 0.90 -0.106 (-0.519 - 0.307) 0.63 0.87 -0.101 (-0.518 - 0.316) 
4 - ≤6m 0.38 0.82 -0.161 (-0.520 - 0.198) 0.39 0.77 -0.159 (-0.521 - 0.204) 
6 - ≤8m 0.39 0.82 -0.142 (-0.469 - 0.184) 0.36 0.75 -0.155 (-0.486 - 0.176) 
8 - ≤10m 0.40 0.84 -0.142 (-0.476 - 0.191) 0.35 0.75 -0.160 (-0.497 - 0.177) 

CXCL11 

0m 0.37 0.82 0.234 (-0.280 - 0.749) 0.32 0.75 0.256 (-0.254 - 0.766) 
0 - ≤2m 0.10 0.60 -0.319 (-0.705 - 0.067) 0.27 0.72 -0.217 (-0.599 - 0.165) 
2 - ≤4m 0.94 0.98 0.015 (-0.398 - 0.429) 0.99 1.00 0.003 (-0.398 - 0.403) 
4 - ≤6m 0.42 0.84 -0.148 (-0.506 - 0.211) 0.40 0.77 -0.151 (-0.499 - 0.198) 
6 - ≤8m 0.98 0.99 0.005 (-0.321 - 0.332) 0.76 0.91 -0.050 (-0.368 - 0.269) 
8 - ≤10m 0.46 0.84 -0.126 (-0.459 - 0.207) 0.35 0.75 -0.153 (-0.476 - 0.171) 

CXCL5 

0m 0.82 0.95 0.060 (-0.453 - 0.574) 0.89 0.97 -0.035 (-0.543 - 0.472) 
0 - ≤2m 0.80 0.95 -0.049 (-0.434 - 0.336) 0.71 0.90 -0.071 (-0.451 - 0.309) 
2 - ≤4m 0.38 0.82 0.185 (-0.228 - 0.597) 0.40 0.77 0.173 (-0.226 - 0.571) 
4 - ≤6m 0.05 0.52 0.363 (0.005 - 0.721) 0.03 0.55 0.376 (0.029 - 0.722) 
6 - ≤8m 0.11 0.61 0.267 (-0.059 - 0.593) 0.16 0.69 0.225 (-0.092 - 0.542) 
8 - ≤10m 0.15 0.66 0.243 (-0.090 - 0.576) 0.24 0.71 0.192 (-0.131 - 0.514) 

CXCL6 

0m 0.24 0.71 0.299 (-0.206 - 0.805) 0.22 0.71 0.318 (-0.194 - 0.83) 
0 - ≤2m 0.01 0.49 -0.507 (-0.886 - -0.128) 0.02 0.55 -0.444 (-0.827 - -0.061) 
2 - ≤4m 0.32 0.80 0.203 (-0.202 - 0.609) 0.33 0.75 0.199 (-0.204 - 0.601) 
4 - ≤6m 0.52 0.87 0.116 (-0.236 - 0.468) 0.46 0.79 0.132 (-0.218 - 0.481) 
6 - ≤8m 0.10 0.59 0.272 (-0.049 - 0.592) 0.13 0.62 0.247 (-0.073 - 0.566) 
8 - ≤10m 0.52 0.87 0.107 (-0.220 - 0.434) 0.51 0.81 0.109 (-0.216 - 0.434) 

CXCL9 

0m 0.92 0.98 -0.026 (-0.537 - 0.486) 0.81 0.93 -0.063 (-0.585 - 0.459) 
0 - ≤2m 0.01 0.49 -0.532 (-0.916 - -0.148) 0.01 0.45 -0.501 (-0.892 - -0.110) 
2 - ≤4m 0.31 0.78 -0.213 (-0.624 - 0.198) 0.27 0.72 -0.229 (-0.639 - 0.181) 
4 - ≤6m 0.05 0.52 -0.357 (-0.713 – 0.000) 0.06 0.55 -0.341 (-0.698 - 0.015) 
6 - ≤8m 0.25 0.72 -0.189 (-0.514 - 0.136) 0.15 0.65 -0.241 (-0.566 - 0.085) 
8 - ≤10m 0.38 0.82 -0.148 (-0.480 - 0.183) 0.31 0.75 -0.172 (-0.504 - 0.159) 

DNER 

0m 0.60 0.90 -0.137 (-0.651 - 0.378) 0.76 0.91 -0.082 (-0.604 - 0.440) 
0 - ≤2m 0.71 0.93 0.072 (-0.313 - 0.458) 0.50 0.81 0.133 (-0.258 - 0.524) 
2 - ≤4m 0.65 0.91 -0.096 (-0.509 - 0.317) 0.64 0.87 -0.099 (-0.509 - 0.311) 
4 - ≤6m 0.08 0.59 0.320 (-0.039 - 0.679) 0.07 0.55 0.326 (-0.030 - 0.683) 
6 - ≤8m 0.73 0.93 -0.057 (-0.384 - 0.269) 0.69 0.90 -0.065 (-0.391 - 0.260) 
8 - ≤10m 0.83 0.95 0.037 (-0.296 - 0.370) 0.71 0.90 0.062 (-0.270 - 0.393) 

EN-RAGE 

0m 0.02 0.49 0.587 (0.077 - 1.097) 0.05 0.55 0.419 (0.005 - 0.834) 
0 - ≤2m 0.41 0.84 -0.161 (-0.543 - 0.222) 0.61 0.87 -0.081 (-0.391 - 0.230) 
2 - ≤4m 0.29 0.78 0.220 (-0.190 - 0.629) 0.52 0.82 0.105 (-0.220 - 0.431) 
4 - ≤6m 0.14 0.66 0.268 (-0.087 - 0.624) 0.24 0.71 0.169 (-0.114 - 0.453) 
6 - ≤8m 0.08 0.59 0.292 (-0.032 - 0.615) 0.56 0.84 0.077 (-0.182 - 0.336) 
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8 - ≤10m 0.74 0.93 0.057 (-0.274 - 0.387) 0.56 0.84 -0.078 (-0.341 - 0.185) 

FGF-19 

0m 0.10 0.60 0.430 (-0.086 - 0.945) 0.07 0.55 0.496 (-0.035 - 1.027) 
0 - ≤2m 0.18 0.69 0.265 (-0.122 - 0.652) 0.14 0.65 0.298 (-0.100 - 0.696) 
2 - ≤4m 0.19 0.71 0.274 (-0.140 - 0.688) 0.17 0.69 0.291 (-0.126 - 0.709) 
4 - ≤6m 0.58 0.89 0.100 (-0.259 - 0.459) 0.60 0.86 0.097 (-0.265 - 0.460) 
6 - ≤8m 0.23 0.71 0.198 (-0.129 - 0.525) 0.19 0.71 0.221 (-0.110 - 0.552) 
8 - ≤10m 0.30 0.78 0.177 (-0.156 - 0.511) 0.27 0.72 0.19 (-0.147 - 0.527) 

FGF-21 

0m 0.68 0.93 -0.110 (-0.627 - 0.407) 0.55 0.83 -0.159 (-0.686 - 0.368) 
0 - ≤2m 0.94 0.98 -0.015 (-0.403 - 0.372) 0.66 0.88 -0.087 (-0.482 - 0.308) 
2 - ≤4m 0.79 0.95 0.056 (-0.359 - 0.471) 0.78 0.92 0.058 (-0.356 - 0.472) 
4 - ≤6m 0.24 0.71 0.217 (-0.144 - 0.577) 0.22 0.71 0.226 (-0.133 - 0.586) 
6 - ≤8m 0.56 0.88 0.098 (-0.230 - 0.426) 0.47 0.79 0.120 (-0.209 - 0.449) 
8 - ≤10m 0.92 0.98 -0.018 (-0.353 - 0.317) 0.94 0.98 -0.012 (-0.347 - 0.322) 

FGF-23 

0m 0.43 0.84 0.209 (-0.306 - 0.724) 0.63 0.87 0.129 (-0.396 - 0.653) 
0 - ≤2m 0.63 0.91 0.095 (-0.291 - 0.482) 0.84 0.94 0.041 (-0.352 - 0.434) 
2 - ≤4m 0.39 0.82 -0.182 (-0.596 - 0.231) 0.35 0.75 -0.197 (-0.609 - 0.216) 
4 - ≤6m 0.44 0.84 -0.141 (-0.500 - 0.218) 0.43 0.79 -0.143 (-0.502 - 0.215) 
6 - ≤8m 0.16 0.66 -0.235 (-0.562 - 0.092) 0.15 0.65 -0.242 (-0.569 - 0.086) 
8 - ≤10m 0.58 0.89 -0.095 (-0.428 - 0.239) 0.51 0.82 -0.111 (-0.444 - 0.222) 

FGF-5** 

0m 0.48 0.85 -0.198 (-0.755 - 0.359) 0.51 0.81 -0.192 (-0.758 - 0.375) 
0 - ≤2m 0.96 0.99 0.010 (-0.392 - 0.411) 0.98 1.00 -0.006 (-0.417 - 0.405) 
2 - ≤4m 0.35 0.81 -0.202 (-0.624 - 0.22) 0.39 0.77 -0.185 (-0.608 - 0.238) 
4 - ≤6m 0.15 0.66 0.277 (-0.097 - 0.651) 0.10 0.58 0.317 (-0.058 - 0.692) 
6 - ≤8m 0.13 0.64 -0.266 (-0.607 - 0.076) 0.15 0.65 -0.253 (-0.595 - 0.089) 
8 - ≤10m 0.56 0.88 -0.104 (-0.452 - 0.243) 0.61 0.87 -0.090 (-0.438 - 0.258) 

Flt3L 

0m 0.88 0.96 0.039 (-0.474 - 0.551) 0.99 1.00 0.003 (-0.521 - 0.527) 
0 - ≤2m 0.04 0.52 -0.397 (-0.781 - -0.012) 0.04 0.55 -0.416 (-0.808 - -0.023) 
2 - ≤4m 0.31 0.78 -0.211 (-0.623 - 0.200) 0.26 0.72 -0.235 (-0.647 - 0.177) 
4 - ≤6m 0.27 0.74 -0.202 (-0.560 - 0.155) 0.18 0.69 -0.245 (-0.603 - 0.112) 
6 - ≤8m 0.03 0.49 -0.361 (-0.686 - -0.036) 0.03 0.55 -0.370 (-0.697 - -0.043) 
8 - ≤10m 0.69 0.93 -0.067 (-0.399 - 0.266) 0.64 0.87 -0.078 (-0.411 - 0.255) 

HGF 

0m 0.20 0.71 0.337 (-0.175 - 0.849) 0.20 0.71 0.311 (-0.168 - 0.789) 
0 - ≤2m 0.39 0.82 -0.168 (-0.552 - 0.216) 0.71 0.90 -0.068 (-0.427 - 0.290) 
2 - ≤4m 0.19 0.71 0.272 (-0.139 - 0.683) 0.25 0.72 0.218 (-0.158 - 0.595) 
4 - ≤6m 0.75 0.93 0.057 (-0.300 - 0.414) 0.95 0.98 0.011 (-0.316 - 0.338) 
6 - ≤8m 0.08 0.59 0.287 (-0.038 - 0.612) 0.22 0.71 0.188 (-0.111 - 0.487) 
8 - ≤10m 0.19 0.71 0.219 (-0.113 - 0.551) 0.25 0.72 0.177 (-0.127 - 0.481) 

IFN-γ 

0m 0.62 0.90 0.131 (-0.387 - 0.648) 0.48 0.79 0.192 (-0.342 - 0.726) 
0 - ≤2m 0.87 0.96 -0.032 (-0.421 - 0.356) 0.96 0.99 0.011 (-0.389 - 0.411) 
2 - ≤4m 0.88 0.96 0.032 (-0.384 - 0.447) 0.79 0.92 0.057 (-0.363 - 0.477) 
4 - ≤6m 0.86 0.96 -0.032 (-0.393 - 0.329) 0.93 0.98 -0.016 (-0.381 - 0.349) 
6 - ≤8m 0.58 0.89 0.092 (-0.237 - 0.420) 0.54 0.83 0.104 (-0.229 - 0.438) 
8 - ≤10m 0.41 0.84 0.141 (-0.194 - 0.477) 0.42 0.78 0.140 (-0.199 - 0.479) 

IL-10RA 

0m 0.42 0.84 0.214 (-0.303 - 0.731) 0.46 0.79 0.202 (-0.332 - 0.736) 
0 - ≤2m 0.65 0.91 0.090 (-0.298 - 0.477) 0.74 0.90 0.068 (-0.332 - 0.468) 
2 - ≤4m 0.18 0.69 0.282 (-0.133 - 0.697) 0.19 0.71 0.283 (-0.136 - 0.703) 
4 - ≤6m 0.43 0.84 0.145 (-0.216 - 0.505) 0.40 0.77 0.155 (-0.209 - 0.520) 
6 - ≤8m 0.61 0.90 0.085 (-0.243 - 0.414) 0.58 0.84 0.095 (-0.238 - 0.428) 
8 - ≤10m 0.34 0.81 0.163 (-0.172 - 0.498) 0.31 0.75 0.174 (-0.165 - 0.513) 

IL-10RB 

0m 0.45 0.84 -0.198 (-0.711 - 0.316) 0.36 0.75 -0.244 (-0.767 - 0.279) 
0 - ≤2m 0.06 0.55 -0.370 (-0.755 - 0.015) 0.04 0.55 -0.420 (-0.812 - -0.027) 
2 - ≤4m 0.71 0.93 -0.079 (-0.491 - 0.334) 0.64 0.87 -0.099 (-0.510 - 0.313) 
4 - ≤6m 0.49 0.85 0.125 (-0.233 - 0.483) 0.47 0.79 0.130 (-0.227 - 0.488) 
6 - ≤8m 0.44 0.84 -0.127 (-0.453 - 0.199) 0.42 0.78 -0.135 (-0.461 - 0.192) 
8 - ≤10m 0.25 0.71 -0.197 (-0.530 - 0.136) 0.30 0.75 -0.176 (-0.508 - 0.157) 

IL-12B 

0m 0.06 0.55 0.491 (-0.022 - 1.005) 0.06 0.55 0.512 (-0.013 - 1.037) 
0 - ≤2m 0.99 0.99 0.001 (-0.384 - 0.387) 0.75 0.90 0.065 (-0.328 - 0.458) 
2 - ≤4m 0.22 0.71 -0.258 (-0.671 - 0.154) 0.22 0.71 -0.258 (-0.671 - 0.155) 
4 - ≤6m 0.90 0.97 0.024 (-0.334 - 0.382) 0.90 0.98 0.022 (-0.337 - 0.381) 
6 - ≤8m 0.87 0.96 0.027 (-0.299 - 0.353) 0.93 0.98 -0.016 (-0.343 - 0.312) 
8 - ≤10m 0.71 0.93 -0.062 (-0.395 - 0.270) 0.56 0.84 -0.098 (-0.431 - 0.235) 

IL-15RA 0m 0.83 0.95 -0.057 (-0.567 - 0.454) 0.73 0.90 -0.093 (-0.618 - 0.432) 
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0 - ≤2m 0.08 0.59 -0.340 (-0.723 - 0.043) 0.09 0.58 -0.336 (-0.729 - 0.058) 
2 - ≤4m 0.02 0.49 -0.497 (-0.907 - -0.087) 0.02 0.45 -0.512 (-0.925 - -0.100) 
4 - ≤6m 0.24 0.71 -0.211 (-0.567 - 0.145) 0.26 0.72 -0.204 (-0.562 - 0.155) 
6 - ≤8m 0.01 0.49 -0.418 (-0.742 - -0.094) 0.01 0.43 -0.455 (-0.783 - -0.128) 
8 - ≤10m 0.02 0.49 -0.393 (-0.724 - -0.062) 0.02 0.45 -0.407 (-0.741 - -0.074) 

IL-17A 

0m 0.41 0.84 0.214 (-0.301 - 0.728) 0.47 0.79 0.193 (-0.337 - 0.723) 
0 - ≤2m 0.21 0.71 -0.247 (-0.633 - 0.138) 0.20 0.71 -0.257 (-0.654 - 0.140) 
2 - ≤4m 0.33 0.80 -0.205 (-0.618 - 0.208) 0.33 0.75 -0.205 (-0.621 - 0.212) 
4 - ≤6m 0.93 0.98 0.017 (-0.342 - 0.375) 0.87 0.96 0.029 (-0.332 - 0.391) 
6 - ≤8m 0.16 0.66 -0.236 (-0.562 - 0.091) 0.14 0.65 -0.248 (-0.579 - 0.082) 
8 - ≤10m 0.80 0.95 -0.043 (-0.377 - 0.290) 0.75 0.91 -0.054 (-0.390 - 0.283) 

IL-17C 

0m 0.28 0.76 0.287 (-0.230 - 0.805) 0.34 0.75 0.259 (-0.274 - 0.793) 
0 - ≤2m 0.91 0.97 -0.022 (-0.410 - 0.366) 0.93 0.98 -0.018 (-0.417 - 0.382) 
2 - ≤4m 0.36 0.82 0.194 (-0.221 - 0.610) 0.38 0.77 0.188 (-0.231 - 0.608) 
4 - ≤6m 0.70 0.93 0.070 (-0.291 - 0.431) 0.68 0.89 0.076 (-0.288 - 0.440) 
6 - ≤8m 0.75 0.93 0.053 (-0.275 - 0.382) 0.85 0.95 0.032 (-0.301 - 0.365) 
8 - ≤10m 0.70 0.93 0.066 (-0.270 - 0.401) 0.78 0.92 0.049 (-0.290 - 0.387) 

IL-18 

0m 0.12 0.62 0.411 (-0.102 - 0.924) 0.20 0.71 0.340 (-0.176 - 0.857) 
0 - ≤2m 0.10 0.59 -0.326 (-0.711 - 0.059) 0.14 0.65 -0.292 (-0.679 - 0.094) 
2 - ≤4m 0.48 0.85 -0.147 (-0.559 - 0.265) 0.36 0.75 -0.190 (-0.596 - 0.216) 
4 - ≤6m 0.42 0.84 -0.148 (-0.505 - 0.210) 0.36 0.75 -0.164 (-0.517 - 0.188) 
6 - ≤8m 0.78 0.95 -0.046 (-0.371 - 0.280) 0.42 0.78 -0.132 (-0.454 - 0.190) 
8 - ≤10m 0.46 0.84 -0.125 (-0.457 - 0.207) 0.31 0.75 -0.168 (-0.496 - 0.159) 

IL-18R1 

0m 0.74 0.93 0.088 (-0.428 - 0.605) 0.88 0.96 0.041 (-0.479 - 0.562) 
0 - ≤2m 0.13 0.64 -0.302 (-0.690 - 0.085) 0.17 0.69 -0.271 (-0.661 - 0.118) 
2 - ≤4m 0.67 0.93 -0.090 (-0.505 - 0.324) 0.54 0.83 -0.128 (-0.537 - 0.281) 
4 - ≤6m 0.80 0.95 -0.046 (-0.406 - 0.314) 0.62 0.87 -0.090 (-0.445 - 0.266) 
6 - ≤8m 0.36 0.82 -0.151 (-0.479 - 0.176) 0.20 0.71 -0.213 (-0.538 - 0.112) 
8 - ≤10m 0.62 0.90 -0.085 (-0.420 - 0.249) 0.45 0.79 -0.128 (-0.458 - 0.202) 

IL-4 

0m 0.38 0.82 -0.227 (-0.739 - 0.284) 0.42 0.78 -0.218 (-0.744 - 0.308) 
0 - ≤2m 0.11 0.62 0.309 (-0.074 - 0.693) 0.13 0.62 0.307 (-0.088 - 0.701) 
2 - ≤4m 0.35 0.81 -0.197 (-0.607 - 0.214) 0.35 0.75 -0.198 (-0.611 - 0.216) 
4 - ≤6m 0.23 0.71 -0.217 (-0.574 - 0.139) 0.27 0.72 -0.202 (-0.561 - 0.158) 
6 - ≤8m 0.18 0.69 -0.221 (-0.545 - 0.104) 0.20 0.71 -0.212 (-0.541 - 0.116) 
8 - ≤10m 0.99 0.99 0.002 (-0.329 - 0.333) 0.86 0.95 0.030 (-0.305 - 0.364) 

IL-6 

0m 0.54 0.88 0.159 (-0.356 - 0.673) 0.24 0.71 0.281 (-0.191 - 0.753) 
0 - ≤2m 0.06 0.55 -0.368 (-0.753 - 0.018) 0.27 0.72 -0.200 (-0.554 - 0.154) 
2 - ≤4m 0.81 0.95 0.051 (-0.362 - 0.464) 0.81 0.93 0.046 (-0.325 - 0.417) 
4 - ≤6m 0.30 0.78 -0.188 (-0.546 - 0.171) 0.23 0.71 -0.197 (-0.520 - 0.125) 
6 - ≤8m 0.62 0.90 -0.082 (-0.409 - 0.244) 0.46 0.79 -0.111 (-0.406 - 0.184) 
8 - ≤10m 0.31 0.78 -0.172 (-0.505 - 0.161) 0.32 0.75 -0.152 (-0.452 - 0.147) 

IL-7 

0m 0.28 0.76 -0.279 (-0.785 - 0.227) 0.20 0.71 -0.327 (-0.834 - 0.179) 
0 - ≤2m 0.00 0.37 -0.575 (-0.954 - -0.195) 0.00 0.28 -0.645 (-1.025 - -0.266) 
2 - ≤4m 0.00 0.44 -0.586 (-0.992 - -0.18) 0.00 0.43 -0.575 (-0.974 - -0.177) 
4 - ≤6m 0.13 0.64 -0.274 (-0.626 - 0.079) 0.17 0.69 -0.240 (-0.586 - 0.107) 
6 - ≤8m 0.01 0.49 -0.421 (-0.742 - -0.100) 0.01 0.45 -0.396 (-0.712 - -0.080) 
8 - ≤10m 0.74 0.93 -0.056 (-0.384 - 0.272) 0.78 0.92 -0.045 (-0.367 - 0.277) 

IL-8 

0m 0.78 0.95 0.073 (-0.438 - 0.585) 0.17 0.69 0.241 (-0.107 - 0.589) 
0 - ≤2m 0.05 0.52 -0.383 (-0.767 – 0.000) 0.35 0.75 -0.123 (-0.384 - 0.137) 
2 - ≤4m 0.69 0.93 0.083 (-0.328 - 0.494) 0.66 0.88 0.062 (-0.212 - 0.335) 
4 - ≤6m 0.23 0.71 -0.218 (-0.575 - 0.138) 0.04 0.55 -0.253 (-0.491 - -0.015) 
6 - ≤8m 0.50 0.86 0.111 (-0.214 - 0.435) 0.69 0.90 0.044 (-0.174 - 0.261) 
8 - ≤10m 0.22 0.71 -0.209 (-0.540 - 0.122) 0.08 0.58 -0.197 (-0.418 - 0.024) 

IL-10 

0m 0.28 0.76 -0.279 (-0.790 - 0.231) 0.27 0.72 -0.294 (-0.815 - 0.228) 
0 - ≤2m 0.03 0.49 -0.435 (-0.818 - -0.052) 0.04 0.55 -0.404 (-0.795 - -0.014) 
2 - ≤4m 0.04 0.49 -0.435 (-0.845 - -0.025) 0.04 0.55 -0.434 (-0.844 - -0.024) 
4 - ≤6m 0.07 0.57 -0.328 (-0.684 - 0.028) 0.10 0.58 -0.299 (-0.655 - 0.057) 
6 - ≤8m 0.59 0.89 -0.089 (-0.413 - 0.235) 0.46 0.79 -0.122 (-0.448 - 0.203) 
8 - ≤10m 0.02 0.49 -0.404 (-0.735 - -0.073) 0.01 0.45 -0.423 (-0.754 - -0.092) 

LAP TGF-β-1 
0m 0.68 0.93 -0.107 (-0.625 - 0.411) 0.83 0.94 -0.056 (-0.569 - 0.457) 

0 - ≤2m 0.82 0.95 0.046 (-0.343 - 0.434) 0.67 0.88 0.082 (-0.302 - 0.466) 
2 - ≤4m 0.99 0.99 0.002 (-0.414 - 0.418) 0.95 0.98 0.014 (-0.389 - 0.417) 
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4 - ≤6m 0.88 0.96 -0.028 (-0.389 - 0.334) 0.93 0.98 0.015 (-0.336 - 0.365) 
6 - ≤8m 0.68 0.93 0.069 (-0.260 - 0.398) 0.53 0.83 0.102 (-0.218 - 0.422) 
8 - ≤10m 0.71 0.93 0.065 (-0.271 - 0.400) 0.45 0.79 0.125 (-0.201 - 0.450) 

LIF-R 

0m 0.43 0.84 -0.204 (-0.717 - 0.309) 0.40 0.77 -0.225 (-0.753 - 0.303) 
0 - ≤2m 0.05 0.52 -0.391 (-0.776 - -0.007) 0.06 0.55 -0.382 (-0.778 - 0.014) 
2 - ≤4m 0.08 0.59 -0.363 (-0.775 - 0.049) 0.08 0.58 -0.371 (-0.786 - 0.044) 
4 - ≤6m 0.55 0.88 -0.110 (-0.467 - 0.248) 0.54 0.83 -0.114 (-0.475 - 0.247) 
6 - ≤8m 0.03 0.49 -0.361 (-0.687 - -0.036) 0.02 0.55 -0.378 (-0.708 - -0.048) 
8 - ≤10m 0.15 0.66 -0.245 (-0.577 - 0.088) 0.13 0.62 -0.259 (-0.595 - 0.076) 

MCP-1 

0m 0.65 0.91 0.121 (-0.397 - 0.639) 0.47 0.79 0.179 (-0.310 - 0.667) 
0 - ≤2m 0.88 0.96 -0.029 (-0.418 - 0.360) 0.56 0.84 0.108 (-0.258 - 0.474) 
2 - ≤4m 0.72 0.93 0.075 (-0.341 - 0.491) 0.77 0.92 0.056 (-0.328 - 0.440) 
4 - ≤6m 0.82 0.95 -0.041 (-0.403 - 0.32) 0.72 0.90 -0.061 (-0.395 - 0.273) 
6 - ≤8m 0.91 0.97 0.020 (-0.309 - 0.349) 0.83 0.94 -0.033 (-0.338 - 0.272) 
8 - ≤10m 0.72 0.93 -0.06 (-0.396 - 0.275) 0.65 0.87 -0.071 (-0.382 - 0.239) 

MCP-2 

0m 0.59 0.89 0.142 (-0.374 - 0.657) 0.62 0.87 0.133 (-0.399 - 0.664) 
0 - ≤2m 0.68 0.93 0.081 (-0.306 - 0.468) 0.66 0.88 0.088 (-0.311 - 0.486) 
2 - ≤4m 0.98 0.99 -0.005 (-0.419 - 0.409) 0.99 1.00 -0.002 (-0.420 - 0.416) 
4 - ≤6m 0.95 0.98 -0.011 (-0.371 - 0.348) 1.00 1.00 -0.001 (-0.364 - 0.362) 
6 - ≤8m 0.67 0.93 -0.071 (-0.398 - 0.256) 0.64 0.87 -0.078 (-0.410 - 0.254) 
8 - ≤10m 0.15 0.66 -0.244 (-0.578 - 0.09) 0.14 0.65 -0.254 (-0.591 - 0.084) 

MCP-3 

0m 0.24 0.71 -0.309 (-0.823 - 0.204) 0.55 0.83 -0.111 (-0.477 - 0.255) 
0 - ≤2m 0.24 0.71 -0.231 (-0.616 - 0.154) 0.79 0.92 0.038 (-0.237 - 0.312) 
2 - ≤4m 0.38 0.82 0.184 (-0.228 - 0.596) 0.21 0.71 0.183 (-0.105 - 0.471) 
4 - ≤6m 0.27 0.75 -0.200 (-0.558 - 0.158) 0.11 0.58 -0.206 (-0.456 - 0.045) 
6 - ≤8m 0.56 0.88 0.098 (-0.228 - 0.424) 0.61 0.87 0.059 (-0.170 - 0.288) 
8 - ≤10m 0.88 0.96 -0.025 (-0.358 - 0.307) 0.95 0.98 0.008 (-0.225 - 0.241) 

MCP-4 

0m 0.17 0.68 0.360 (-0.152 - 0.871) 0.17 0.69 0.366 (-0.157 - 0.889) 
0 - ≤2m 0.48 0.85 -0.138 (-0.521 - 0.246) 0.62 0.87 -0.098 (-0.490 - 0.294) 
2 - ≤4m 0.43 0.84 -0.166 (-0.576 - 0.245) 0.45 0.79 -0.160 (-0.571 - 0.252) 
4 - ≤6m 0.09 0.59 0.304 (-0.053 - 0.660) 0.09 0.58 0.311 (-0.046 - 0.669) 
6 - ≤8m 0.23 0.71 0.199 (-0.126 - 0.523) 0.28 0.72 0.181 (-0.145 - 0.508) 
8 - ≤10m 0.20 0.71 0.215 (-0.116 - 0.546) 0.26 0.72 0.191 (-0.141 - 0.523) 

MMP-1 

0m 0.89 0.97 -0.034 (-0.545 - 0.476) 0.70 0.90 -0.102 (-0.624 - 0.420) 
0 - ≤2m 0.83 0.95 0.041 (-0.342 - 0.424) 0.96 0.99 0.010 (-0.382 - 0.401) 
2 - ≤4m 0.05 0.52 0.406 (-0.004 - 0.816) 0.07 0.55 0.382 (-0.029 - 0.793) 
4 - ≤6m 0.09 0.59 0.312 (-0.044 - 0.668) 0.10 0.58 0.299 (-0.058 - 0.656) 
6 - ≤8m 0.06 0.54 0.315 (-0.009 - 0.639) 0.07 0.55 0.299 (-0.028 - 0.625) 
8 - ≤10m 0.01 0.49 0.414 (0.083 - 0.745) 0.02 0.45 0.405 (0.073 - 0.737) 

MMP-10 

0m 0.99 0.99 -0.002 (-0.517 - 0.512) 0.94 0.98 -0.020 (-0.542 - 0.502) 
0 - ≤2m 0.39 0.82 -0.169 (-0.555 - 0.217) 0.47 0.79 -0.144 (-0.536 - 0.247) 
2 - ≤4m 0.09 0.59 0.357 (-0.056 - 0.770) 0.08 0.58 0.365 (-0.046 - 0.775) 
4 - ≤6m 0.95 0.98 0.012 (-0.347 - 0.371) 0.84 0.94 0.036 (-0.321 - 0.393) 
6 - ≤8m 0.84 0.95 -0.034 (-0.361 - 0.292) 0.71 0.90 -0.062 (-0.388 - 0.264) 
8 - ≤10m 0.57 0.89 -0.097 (-0.430 - 0.236) 0.44 0.79 -0.130 (-0.461 - 0.202) 

NT-3 

0m 0.81 0.95 -0.062 (-0.579 - 0.455) 0.91 0.98 -0.031 (-0.559 - 0.497) 
0 - ≤2m 0.75 0.93 -0.062 (-0.450 - 0.325) 0.79 0.92 -0.055 (-0.450 - 0.341) 
2 - ≤4m 0.99 0.99 0.004 (-0.411 - 0.419) 0.96 0.99 0.010 (-0.405 - 0.424) 
4 - ≤6m 0.32 0.79 0.182 (-0.178 - 0.543) 0.24 0.71 0.215 (-0.146 - 0.575) 
6 - ≤8m 0.70 0.93 -0.064 (-0.392 - 0.265) 0.77 0.92 -0.048 (-0.377 - 0.281) 
8 - ≤10m 0.69 0.93 0.067 (-0.268 - 0.402) 0.51 0.81 0.112 (-0.223 - 0.447) 

OPG 

0m 0.60 0.90 0.137 (-0.380 - 0.654) 0.74 0.90 0.088 (-0.442 - 0.619) 
0 - ≤2m 0.70 0.93 -0.075 (-0.463 - 0.313) 0.60 0.86 -0.107 (-0.504 - 0.291) 
2 - ≤4m 0.51 0.86 -0.141 (-0.556 - 0.274) 0.43 0.79 -0.167 (-0.584 - 0.250) 
4 - ≤6m 0.61 0.90 0.094 (-0.266 - 0.454) 0.77 0.92 0.054 (-0.309 - 0.416) 
6 - ≤8m 0.62 0.90 0.082 (-0.245 - 0.41) 0.68 0.89 0.070 (-0.261 - 0.401) 
8 - ≤10m 0.46 0.84 0.126 (-0.209 - 0.461) 0.50 0.81 0.114 (-0.223 - 0.451) 

OSM 

0m 0.84 0.95 0.051 (-0.461 - 0.564) 0.64 0.87 0.088 (-0.288 - 0.465) 
0 - ≤2m 0.15 0.66 -0.283 (-0.668 - 0.101) 0.56 0.84 -0.083 (-0.365 - 0.199) 
2 - ≤4m 0.34 0.81 0.199 (-0.212 - 0.611) 0.37 0.75 0.136 (-0.160 - 0.432) 
4 - ≤6m 0.41 0.84 -0.150 (-0.507 - 0.207) 0.11 0.58 -0.211 (-0.469 - 0.046) 
6 - ≤8m 0.28 0.76 0.180 (-0.146 - 0.505) 0.68 0.89 0.049 (-0.186 - 0.284) 
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8 - ≤10m 0.59 0.89 -0.091 (-0.424 - 0.241) 0.28 0.72 -0.133 (-0.372 - 0.106) 

PD-L1 

0m 0.78 0.95 0.075 (-0.440 - 0.590) 1.00 1.00 0.000 (-0.517 - 0.517) 
0 - ≤2m 0.10 0.60 -0.320 (-0.706 - 0.067) 0.15 0.65 -0.288 (-0.675 - 0.100) 
2 - ≤4m 0.28 0.76 -0.227 (-0.640 - 0.186) 0.19 0.71 -0.270 (-0.676 - 0.137) 
4 - ≤6m 0.53 0.87 -0.115 (-0.473 - 0.244) 0.49 0.80 -0.124 (-0.477 - 0.229) 
6 - ≤8m 0.20 0.71 -0.212 (-0.538 - 0.115) 0.07 0.55 -0.302 (-0.625 - 0.021) 
8 - ≤10m 0.09 0.59 -0.289 (-0.622 - 0.044) 0.05 0.55 -0.331 (-0.659 - -0.002) 

SCF 

0m 0.31 0.78 0.264 (-0.246 - 0.774) 0.17 0.69 0.360 (-0.157 - 0.877) 
0 - ≤2m 0.00 0.37 0.596 (0.213 - 0.979) 0.00 0.28 0.618 (0.231 - 1.006) 
2 - ≤4m 0.09 0.59 0.353 (-0.057 - 0.762) 0.07 0.55 0.376 (-0.031 - 0.783) 
4 - ≤6m 0.04 0.49 0.377 (0.021 - 0.733) 0.03 0.55 0.386 (0.032 - 0.739) 
6 - ≤8m 0.02 0.49 0.402 (0.078 - 0.725) 0.01 0.43 0.457 (0.134 - 0.78)0 
8 - ≤10m 0.13 0.65 0.255 (-0.076 - 0.585) 0.06 0.55 0.312 (-0.017 - 0.64) 

SIRT2 

0m 0.64 0.91 -0.123 (-0.641 - 0.395) 0.35 0.75 -0.245 (-0.762 - 0.272) 
0 - ≤2m 0.39 0.83 -0.168 (-0.557 - 0.220) 0.34 0.75 -0.187 (-0.575 - 0.200) 
2 - ≤4m 0.85 0.95 -0.040 (-0.456 - 0.376) 0.60 0.86 -0.109 (-0.515 - 0.298) 
4 - ≤6m 0.82 0.95 -0.041 (-0.402 - 0.320) 0.55 0.83 -0.107 (-0.460 - 0.246) 
6 - ≤8m 0.95 0.98 -0.010 (-0.338 - 0.319) 0.55 0.83 -0.099 (-0.421 - 0.224) 
8 - ≤10m 0.52 0.87 -0.110 (-0.445 - 0.226) 0.33 0.75 -0.164 (-0.492 - 0.165) 

SLAMF1 

0m 0.75 0.93 0.083 (-0.427 - 0.592) 0.81 0.93 -0.063 (-0.583 - 0.457) 
0 - ≤2m 0.14 0.66 -0.286 (-0.668 - 0.096) 0.07 0.55 -0.364 (-0.754 - 0.026) 
2 - ≤4m 0.03 0.49 -0.46 (-0.869 - -0.051) 0.01 0.45 -0.513 (-0.922 - -0.104) 
4 - ≤6m 0.03 0.49 -0.406 (-0.761 - -0.051) 0.01 0.45 -0.457 (-0.812 - -0.101) 
6 - ≤8m 0.03 0.49 -0.367 (-0.69 - -0.044) 0.01 0.45 -0.419 (-0.744 - -0.094) 
8 - ≤10m 0.81 0.95 -0.040 (-0.370 - 0.290) 0.60 0.86 -0.088 (-0.418 - 0.243) 

ST1A1 

0m 0.38 0.82 -0.227 (-0.740 - 0.285) 0.24 0.71 -0.295 (-0.789 - 0.199) 
0 - ≤2m 0.93 0.98 -0.016 (-0.401 - 0.368) 0.95 0.98 -0.012 (-0.383 - 0.358) 
2 - ≤4m 0.33 0.80 0.203 (-0.208 - 0.615) 0.45 0.79 0.151 (-0.238 - 0.540) 
4 - ≤6m 0.83 0.95 0.038 (-0.319 - 0.395) 0.72 0.90 -0.062 (-0.400 - 0.275) 
6 - ≤8m 0.03 0.49 0.359 (0.033 - 0.684) 0.07 0.55 0.288 (-0.020 - 0.597) 
8 - ≤10m 0.70 0.93 0.065 (-0.267 - 0.397) 0.96 0.99 -0.009 (-0.323 - 0.305) 

STAMBP 

0m 0.95 0.98 0.017 (-0.501 - 0.534) 0.64 0.87 -0.127 (-0.653 - 0.400) 
0 - ≤2m 0.30 0.78 -0.204 (-0.593 - 0.184) 0.17 0.69 -0.278 (-0.672 - 0.116) 
2 - ≤4m 0.57 0.89 -0.122 (-0.537 - 0.294) 0.40 0.77 -0.177 (-0.590 - 0.237) 
4 - ≤6m 0.92 0.98 -0.018 (-0.379 - 0.343) 0.77 0.92 -0.053 (-0.413 - 0.306) 
6 - ≤8m 0.64 0.91 -0.077 (-0.406 - 0.251) 0.39 0.77 -0.145 (-0.473 - 0.184) 
8 - ≤10m 0.47 0.85 -0.124 (-0.459 - 0.212) 0.33 0.75 -0.164 (-0.499 - 0.170) 

TGF-ɑ 

0m 0.46 0.84 0.193 (-0.323 - 0.709) 0.48 0.79 0.178 (-0.317 - 0.673) 
0 - ≤2m 0.25 0.71 -0.228 (-0.615 - 0.159) 0.52 0.82 -0.121 (-0.492 - 0.250) 
2 - ≤4m 0.97 0.99 0.008 (-0.407 - 0.422) 0.88 0.96 -0.029 (-0.419 - 0.360) 
4 - ≤6m 0.57 0.89 -0.103 (-0.463 - 0.257) 0.37 0.76 -0.154 (-0.492 - 0.185) 
6 - ≤8m 0.74 0.93 0.056 (-0.271 - 0.383) 0.74 0.90 -0.052 (-0.361 - 0.257) 
8 - ≤10m 0.63 0.91 0.082 (-0.252 - 0.416) 1.00 1.00 0.001 (-0.314 - 0.315) 

TNF 

0m 0.45 0.84 0.197 (-0.314 - 0.709) 0.27 0.72 0.292 (-0.232 - 0.817) 
0 - ≤2m 0.08 0.59 -0.348 (-0.732 - 0.036) 0.20 0.71 -0.258 (-0.651 - 0.135) 
2 - ≤4m 0.09 0.59 -0.360 (-0.771 - 0.051) 0.11 0.58 -0.338 (-0.75 - 0.074) 
4 - ≤6m 0.09 0.59 -0.304 (-0.660 - 0.053) 0.13 0.62 -0.280 (-0.638 - 0.079) 
6 - ≤8m 0.05 0.52 -0.320 (-0.645 - 0.004) 0.06 0.55 -0.317 (-0.644 - 0.011) 
8 - ≤10m 0.10 0.59 -0.279 (-0.611 - 0.052) 0.12 0.61 -0.263 (-0.596 - 0.070) 

TNFB 

0m 0.71 0.93 0.097 (-0.416 - 0.611) 0.94 0.98 -0.021 (-0.543 - 0.502) 
0 - ≤2m 0.10 0.59 -0.328 (-0.713 - 0.057) 0.04 0.55 -0.405 (-0.797 - -0.014) 
2 - ≤4m 0.10 0.59 -0.348 (-0.760 - 0.064) 0.07 0.55 -0.384 (-0.795 - 0.026) 
4 - ≤6m 0.26 0.74 -0.206 (-0.564 - 0.152) 0.21 0.71 -0.227 (-0.584 - 0.130) 
6 - ≤8m 0.05 0.52 -0.323 (-0.649 - 0.003) 0.03 0.55 -0.366 (-0.693 - -0.04) 
8 - ≤10m 0.33 0.80 -0.164 (-0.496 - 0.169) 0.24 0.71 -0.197 (-0.529 - 0.134) 

TNFRSF9 

0m 0.06 0.55 0.488 (-0.026 - 1.001) 0.11 0.59 0.418 (-0.100 - 0.935) 
0 - ≤2m 0.51 0.86 -0.130 (-0.515 - 0.255) 0.54 0.83 -0.121 (-0.508 - 0.267) 
2 - ≤4m 0.76 0.94 -0.063 (-0.476 - 0.349) 0.64 0.87 -0.098 (-0.504 - 0.309) 
4 - ≤6m 0.66 0.93 -0.079 (-0.437 - 0.279) 0.71 0.90 -0.068 (-0.421 - 0.285) 
6 - ≤8m 0.54 0.88 -0.102 (-0.428 - 0.224) 0.28 0.73 -0.176 (-0.499 - 0.147) 
8 - ≤10m 0.26 0.74 -0.190 (-0.522 - 0.143) 0.21 0.71 -0.212 (-0.540 - 0.117) 

TNFSF14 0m 0.37 0.82 0.236 (-0.278 - 0.751) 0.30 0.75 0.219 (-0.196 - 0.634) 
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**46 infants had an NA value for FGF-5. 
 
 
  

0 - ≤2m 0.45 0.84 -0.150 (-0.535 - 0.236) 0.92 0.98 -0.017 (-0.328 - 0.294) 
2 - ≤4m 0.48 0.85 0.148 (-0.265 - 0.561) 0.65 0.87 0.076 (-0.251 - 0.402) 
4 - ≤6m 0.80 0.95 0.047 (-0.312 - 0.405) 0.70 0.90 -0.056 (-0.340 - 0.228) 
6 - ≤8m 0.12 0.63 0.260 (-0.067 - 0.586) 0.30 0.75 0.136 (-0.123 - 0.395) 
8 - ≤10m 0.99 0.99 -0.003 (-0.336 - 0.331) 0.58 0.85 -0.074 (-0.337 - 0.190) 

TRAIL 

0m 0.23 0.71 0.316 (-0.196 - 0.827) 0.31 0.75 0.266 (-0.254 - 0.787) 
0 - ≤2m 0.71 0.93 -0.072 (-0.456 - 0.311) 0.67 0.88 -0.085 (-0.475 - 0.305) 
2 - ≤4m 0.04 0.52 -0.424 (-0.834 - -0.013) 0.04 0.55 -0.431 (-0.84 - -0.022) 
4 - ≤6m 0.91 0.97 0.020 (-0.336 - 0.377) 0.91 0.98 0.020 (-0.335 - 0.375) 
6 - ≤8m 0.11 0.62 -0.261 (-0.585 - 0.064) 0.07 0.55 -0.300 (-0.624 - 0.025) 
8 - ≤10m 0.58 0.89 -0.093 (-0.425 - 0.238) 0.42 0.78 -0.136 (-0.466 - 0.195) 

TRANCE 

0m 0.42 0.84 0.212 (-0.300 - 0.724) 0.34 0.75 0.255 (-0.273 - 0.783) 
0 - ≤2m 0.96 0.99 0.009 (-0.375 - 0.394) 0.75 0.91 0.063 (-0.332 - 0.459) 
2 - ≤4m 0.24 0.71 -0.245 (-0.657 - 0.166) 0.26 0.72 -0.236 (-0.651 - 0.179) 
4 - ≤6m 0.81 0.95 0.044 (-0.313 - 0.401) 0.73 0.90 0.062 (-0.299 - 0.423) 
6 - ≤8m 0.12 0.64 -0.254 (-0.579 - 0.071) 0.12 0.59 -0.265 (-0.594 - 0.065) 
8 - ≤10m 0.34 0.81 0.160 (-0.172 - 0.492) 0.34 0.75 0.163 (-0.172 - 0.498) 

TWEAK 

0m 0.03 0.49 0.559 (0.053 - 1.066) 0.05 0.55 0.512 (-0.008 - 1.031) 
0 - ≤2m 0.82 0.95 -0.044 (-0.423 - 0.336) 0.77 0.91 -0.059 (-0.448 - 0.330) 
2 - ≤4m 0.18 0.69 0.277 (-0.13 - 0.683) 0.23 0.71 0.248 (-0.160 - 0.656) 
4 - ≤6m 0.01 0.49 0.476 (0.123 - 0.829) 0.01 0.45 0.466 (0.111 - 0.820) 
6 - ≤8m 0.03 0.49 0.347 (0.026 - 0.668) 0.05 0.55 0.322 (-0.002 - 0.647) 
8 - ≤10m 0.00 0.37 0.494 (0.166 - 0.821) 0.00 0.35 0.500 (0.170 - 0.829) 

uPA 

0m 0.14 0.66 0.384 (-0.127 - 0.895) 0.33 0.75 0.243 (-0.250 - 0.736) 
0 - ≤2m 0.49 0.85 0.134 (-0.249 - 0.518) 0.73 0.90 0.066 (-0.304 - 0.436) 
2 - ≤4m 0.61 0.90 -0.108 (-0.518 - 0.302) 0.34 0.75 -0.189 (-0.577 - 0.198) 
4 - ≤6m 0.07 0.59 0.324 (-0.032 - 0.680) 0.22 0.71 0.211 (-0.126 - 0.548) 
6 - ≤8m 0.91 0.97 0.019 (-0.305 - 0.343) 0.80 0.92 -0.041 (-0.348 - 0.267) 
8 - ≤10m 0.03 0.49 0.364 (0.033 - 0.695) 0.05 0.55 0.320 (0.007 - 0.633) 

VEGFA 

0m 0.58 0.89 0.144 (-0.369 - 0.656) 0.52 0.82 0.168 (-0.347 - 0.683) 
0 - ≤2m 0.11 0.62 -0.310 (-0.695 - 0.074) 0.24 0.71 -0.230 (-0.616 - 0.156) 
2 - ≤4m 0.50 0.85 0.142 (-0.269 - 0.553) 0.52 0.82 0.133 (-0.272 - 0.537) 
4 - ≤6m 0.72 0.93 0.066 (-0.291 - 0.423) 0.62 0.87 0.089 (-0.263 - 0.441) 
6 - ≤8m 0.56 0.88 0.098 (-0.228 - 0.423) 0.72 0.90 0.058 (-0.264 - 0.379) 
8 - ≤10m 0.12 0.63 0.263 (-0.069 - 0.594) 0.11 0.58 0.268 (-0.059 - 0.595) 
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Supplementary Table 8. Linear regression associations of infant serum biomarker levels 
with categorical HMF duration (infants grouped in three-month intervals) among one-
year-old CHILD cohort infants (not currently HMF subset, n=347). Results from univariable 
and multivariable (adjusting for time until blood sample centrifugation, sex, and study site) linear 
regression models that use categorical HMF duration (infants grouped in three-month intervals) 
to predict biomarker levels (standardized NPX). The >9m HMF group was used as reference.  

Olink 
Biomarkers 

Variable 
Groups Univariable Multivariable 

  P-value FDR 
P-value 

β-Coefficient 
(95% CI) P-value FDR 

P-value 
β-Coefficient 

(95% CI) 

4E-BP1 

0m 0.51 0.93 0.169 (-0.335 - 0.672) 0.77 0.95 0.076 (-0.433 - 0.585) 
0 - ≤3m 0.98 0.99 0.004 (-0.314 - 0.321) 0.72 0.94 -0.059 (-0.378 - 0.260) 
3 - ≤6m 0.75 0.95 -0.053 (-0.374 - 0.268) 0.71 0.94 -0.061 (-0.378 - 0.257) 
6 - ≤9m 0.51 0.93 -0.091 (-0.365 - 0.182) 0.57 0.93 -0.079 (-0.353 - 0.194) 

ADA 

0m 0.82 0.96 -0.058 (-0.561 - 0.445) 0.44 0.93 -0.192 (-0.684 - 0.300) 
0 - ≤3m 0.49 0.93 -0.111 (-0.428 - 0.206) 0.30 0.88 -0.164 (-0.473 - 0.145) 
3 - ≤6m 0.84 0.96 -0.033 (-0.354 - 0.288) 0.64 0.94 -0.072 (-0.379 - 0.235) 
6 - ≤9m 0.57 0.93 0.080 (-0.193 - 0.353) 0.81 0.95 -0.031 (-0.296 - 0.233) 

AXIN1 

0m 0.95 0.98 -0.017 (-0.520 - 0.486) 0.21 0.76 -0.300 (-0.773 - 0.173) 
0 - ≤3m 0.22 0.84 -0.200 (-0.517 - 0.118) 0.03 0.56 -0.325 (-0.622 - -0.028) 
3 - ≤6m 0.38 0.90 -0.142 (-0.463 - 0.178) 0.24 0.79 -0.178 (-0.473 - 0.117) 
6 - ≤9m 0.56 0.93 -0.082 (-0.355 - 0.191) 0.05 0.56 -0.256 (-0.511 - -0.002) 

CASP-8 

0m 0.43 0.91 0.203 (-0.300 - 0.705) 0.40 0.93 0.148 (-0.195 - 0.490) 
0 - ≤3m 0.79 0.96 0.043 (-0.273 - 0.360) 0.65 0.94 0.049 (-0.166 - 0.264) 
3 - ≤6m 0.94 0.98 -0.013 (-0.333 - 0.307) 0.50 0.93 -0.073 (-0.287 - 0.141) 
6 - ≤9m 0.16 0.84 0.194 (-0.078 - 0.467) 0.65 0.94 0.043 (-0.141 - 0.227) 

CCL11 

0m 0.60 0.93 0.134 (-0.365 - 0.632) 0.69 0.94 0.102 (-0.400 - 0.604) 
0 - ≤3m 0.02 0.45 -0.380 (-0.694 - -0.065) 0.02 0.49 -0.379 (-0.693 - -0.064) 
3 - ≤6m 0.58 0.93 -0.089 (-0.407 - 0.229) 0.66 0.94 -0.070 (-0.383 - 0.243) 
6 - ≤9m 0.14 0.78 -0.205 (-0.475 - 0.066) 0.04 0.56 -0.282 (-0.551 - -0.012) 

CCL19 

0m 0.05 0.58 0.505 (0.007 - 1.003) 0.02 0.49 0.576 (0.091 - 1.060) 
0 - ≤3m 0.54 0.93 -0.098 (-0.412 - 0.216) 0.64 0.94 -0.072 (-0.375 - 0.232) 
3 - ≤6m 0.19 0.84 -0.212 (-0.529 - 0.106) 0.31 0.89 -0.156 (-0.458 - 0.145) 
6 - ≤9m 0.21 0.84 -0.172 (-0.442 - 0.098) 0.43 0.93 -0.105 (-0.365 - 0.156) 

CCL20 

0m 0.26 0.84 0.289 (-0.215 - 0.792) 0.11 0.67 0.415 (-0.092 - 0.923) 
0 - ≤3m 0.67 0.94 0.069 (-0.249 - 0.386) 0.37 0.93 0.147 (-0.172 - 0.465) 
3 - ≤6m 1.00 1.00 0.001 (-0.320 - 0.322) 0.70 0.94 0.063 (-0.254 - 0.379) 
6 - ≤9m 0.95 0.98 -0.008 (-0.281 - 0.265) 1.00 1.00 0.000 (-0.272 - 0.273) 

CCL23 

0m 0.55 0.93 0.152 (-0.351 - 0.655) 0.86 0.95 0.047 (-0.462 - 0.555) 
0 - ≤3m 0.33 0.89 -0.157 (-0.474 - 0.160) 0.19 0.76 -0.212 (-0.531 - 0.107) 
3 - ≤6m 0.72 0.95 -0.059 (-0.380 - 0.261) 0.77 0.95 -0.046 (-0.363 - 0.271) 
6 - ≤9m 0.97 0.99 0.005 (-0.268 - 0.278) 0.81 0.95 -0.034 (-0.307 - 0.239) 

CCL25 

0m 0.02 0.45 0.593 (0.094 - 1.093) 0.05 0.57 0.510 (-0.001 - 1.020) 
0 - ≤3m 0.11 0.76 0.254 (-0.061 - 0.569) 0.21 0.76 0.206 (-0.114 - 0.527) 
3 - ≤6m 0.55 0.93 0.097 (-0.221 - 0.415) 0.51 0.93 0.106 (-0.212 - 0.425) 
6 - ≤9m 0.15 0.80 0.201 (-0.070 - 0.472) 0.21 0.76 0.175 (-0.099 - 0.449) 

CCL28 

0m 0.96 0.98 -0.014 (-0.518 - 0.490) 0.70 0.94 0.099 (-0.406 - 0.604) 
0 - ≤3m 0.65 0.94 -0.074 (-0.391 - 0.244) 0.93 0.99 -0.014 (-0.330 - 0.303) 
3 - ≤6m 0.93 0.98 -0.014 (-0.335 - 0.307) 0.82 0.95 0.037 (-0.278 - 0.352) 
6 - ≤9m 0.63 0.93 -0.066 (-0.340 - 0.207) 0.79 0.95 -0.036 (-0.307 - 0.235) 

CCL3 

0m 0.40 0.90 0.214 (-0.287 - 0.715) 0.10 0.66 0.383 (-0.071 - 0.837) 
0 - ≤3m 0.20 0.84 -0.207 (-0.523 - 0.109) 0.46 0.93 -0.107 (-0.392 - 0.178) 
3 - ≤6m 0.20 0.84 -0.206 (-0.525 - 0.113) 0.14 0.73 -0.211 (-0.494 - 0.072) 
6 - ≤9m 0.23 0.84 -0.165 (-0.437 - 0.107) 0.21 0.76 -0.154 (-0.398 - 0.090) 

CCL4 

0m 0.25 0.84 0.294 (-0.208 - 0.795) 0.07 0.61 0.430 (-0.041 - 0.900) 
0 - ≤3m 0.34 0.89 -0.154 (-0.470 - 0.162) 0.61 0.93 -0.076 (-0.372 - 0.219) 
3 - ≤6m 0.34 0.89 -0.156 (-0.476 - 0.163) 0.27 0.86 -0.166 (-0.460 - 0.127) 
6 - ≤9m 0.41 0.90 -0.115 (-0.387 - 0.157) 0.44 0.93 -0.100 (-0.353 - 0.153) 

CD244 0m 0.22 0.84 -0.313 (-0.812 - 0.185) 0.09 0.64 -0.389 (-0.837 - 0.060) 
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0 - ≤3m 0.02 0.46 -0.362 (-0.676 - -0.048) 0.01 0.43 -0.379 (-0.66 - -0.098) 
3 - ≤6m 0.87 0.97 0.027 (-0.290 - 0.345) 0.98 0.99 -0.004 (-0.284 - 0.275) 
6 - ≤9m 0.81 0.96 0.033 (-0.237 - 0.303) 0.50 0.93 -0.083 (-0.324 - 0.158) 

CD40 

0m 0.62 0.93 -0.128 (-0.630 - 0.375) 0.31 0.89 -0.195 (-0.569 - 0.179) 
0 - ≤3m 0.73 0.95 -0.056 (-0.373 - 0.206) 0.60 0.93 -0.062 (-0.297 - 0.173) 
3 - ≤6m 0.96 0.98 0.009 (-0.311 - 0.329) 0.73 0.94 -0.042 (-0.275 - 0.192) 
6 - ≤9m 0.31 0.89 0.142 (-0.131 - 0.415) 0.98 0.99 -0.002 (-0.203 - 0.199) 

CD5 

0m 0.02 0.45 0.585 (0.086 - 1.083) 0.03 0.56 0.530 (0.041 - 1.020) 
0 - ≤3m 0.47 0.93 -0.115 (-0.429 - 0.200) 0.41 0.93 -0.129 (-0.436 - 0.178) 
3 - ≤6m 0.51 0.93 -0.107 (-0.424 - 0.211) 0.44 0.93 -0.120 (-0.425 - 0.185) 
6 - ≤9m 0.63 0.93 -0.067 (-0.338 - 0.203) 0.28 0.87 -0.143 (-0.406 - 0.120) 

CD6 

0m 0.12 0.76 0.400 (-0.098 - 0.899) 0.16 0.74 0.347 (-0.140 - 0.835) 
0 - ≤3m 0.08 0.72 -0.283 (-0.597 - 0.032) 0.05 0.60 -0.299 (-0.605 - 0.006) 
3 - ≤6m 0.34 0.89 -0.154 (-0.471 - 0.164) 0.23 0.79 -0.186 (-0.490 - 0.118) 
6 - ≤9m 0.35 0.90 -0.129 (-0.399 - 0.142) 0.15 0.73 -0.193 (-0.455 - 0.069) 

CD8A 

0m 0.06 0.68 0.475 (-0.024 - 0.975) 0.04 0.56 0.525 (0.022 - 1.028) 
0 - ≤3m 0.32 0.89 -0.160 (-0.475 - 0.155) 0.40 0.93 -0.136 (-0.452 - 0.179) 
3 - ≤6m 0.57 0.93 -0.092 (-0.410 - 0.227) 0.77 0.95 -0.046 (-0.360 - 0.268) 
6 - ≤9m 0.47 0.93 -0.099 (-0.370 - 0.173) 0.62 0.93 -0.068 (-0.339 - 0.202) 

CDCP1 

0m 0.89 0.97 -0.035 (-0.538 - 0.468) 0.59 0.93 -0.141 (-0.657 - 0.375) 
0 - ≤3m 0.60 0.93 -0.085 (-0.403 - 0.232) 0.41 0.93 -0.135 (-0.459 - 0.189) 
3 - ≤6m 0.23 0.84 -0.198 (-0.518 - 0.123) 0.18 0.75 -0.218 (-0.540 - 0.104) 
6 - ≤9m 0.88 0.97 -0.021 (-0.294 - 0.252) 0.55 0.93 -0.084 (-0.362 - 0.193) 

CSF-1 

0m 0.58 0.93 0.141 (-0.362 - 0.644) 0.58 0.93 0.139 (-0.357 - 0.636) 
0 - ≤3m 0.56 0.93 -0.095 (-0.412 - 0.222) 0.60 0.93 -0.084 (-0.395 - 0.228) 
3 - ≤6m 0.59 0.93 0.088 (-0.232 - 0.409) 0.68 0.94 0.065 (-0.245 - 0.374) 
6 - ≤9m 0.50 0.93 0.093 (-0.180 - 0.366) 0.74 0.95 0.045 (-0.222 - 0.312) 

CST5 

0m 0.08 0.72 0.443 (-0.056 - 0.942) 0.24 0.80 0.303 (-0.202 - 0.809) 
0 - ≤3m 0.38 0.90 0.141 (-0.173 - 0.456) 0.72 0.94 0.059 (-0.259 - 0.376) 
3 - ≤6m 0.01 0.45 0.397 (0.080 - 0.715) 0.02 0.49 0.364 (0.048 - 0.679) 
6 - ≤9m 0.25 0.84 0.160 (-0.111 - 0.431) 0.32 0.89 0.139 (-0.133 - 0.411) 

CX3CL1 

0m 0.72 0.95 0.092 (-0.403 - 0.586) 0.88 0.96 0.039 (-0.458 - 0.535) 
0 - ≤3m 0.05 0.58 0.315 (0.004 - 0.627) 0.08 0.63 0.276 (-0.036 - 0.587) 
3 - ≤6m 0.00 0.27 0.485 (0.170 - 0.800) 0.00 0.30 0.490 (0.181 - 0.799) 
6 - ≤9m 0.90 0.97 -0.016 (-0.285 - 0.252) 0.96 0.99 0.008 (-0.259 - 0.274) 

CXCL1 

0m 0.87 0.97 -0.041 (-0.541 - 0.459) 0.87 0.96 -0.040 (-0.537 - 0.457) 
0 - ≤3m 0.13 0.77 -0.243 (-0.559 - 0.072) 0.16 0.74 -0.222 (-0.533 - 0.090) 
3 - ≤6m 0.57 0.93 0.093 (-0.225 - 0.412) 0.47 0.93 0.114 (-0.196 - 0.423) 
6 - ≤9m 0.39 0.90 0.120 (-0.152 - 0.391) 0.75 0.95 0.043 (-0.224 - 0.310) 

CXCL10 

0m 0.13 0.77 0.388 (-0.113 - 0.890) 0.12 0.69 0.405 (-0.112 - 0.922) 
0 - ≤3m 0.45 0.93 -0.121 (-0.437 - 0.195) 0.54 0.93 -0.102 (-0.427 - 0.222) 
3 - ≤6m 0.48 0.93 -0.114 (-0.433 - 0.206) 0.53 0.93 -0.104 (-0.426 - 0.218) 
6 - ≤9m 0.62 0.93 -0.068 (-0.340 - 0.204) 0.52 0.93 -0.090 (-0.368 - 0.188) 

CXCL11 

0m 0.24 0.84 0.299 (-0.203 - 0.800) 0.22 0.76 0.313 (-0.185 - 0.810) 
0 - ≤3m 0.36 0.90 -0.146 (-0.462 - 0.170) 0.46 0.93 -0.116 (-0.428 - 0.196) 
3 - ≤6m 0.79 0.96 -0.044 (-0.364 - 0.276) 0.83 0.95 -0.033 (-0.343 - 0.277) 
6 - ≤9m 0.68 0.95 0.057 (-0.216 - 0.329) 0.91 0.98 -0.015 (-0.283 - 0.252) 

CXCL5 

0m 0.97 0.99 -0.009 (-0.510 - 0.492) 0.65 0.94 -0.113 (-0.609 - 0.382) 
0 - ≤3m 0.86 0.97 -0.027 (-0.343 - 0.289) 0.67 0.94 -0.068 (-0.379 - 0.243) 
3 - ≤6m 0.11 0.76 0.257 (-0.062 - 0.577) 0.08 0.63 0.275 (-0.034 - 0.584) 
6 - ≤9m 0.18 0.84 0.185 (-0.087 - 0.457) 0.44 0.93 0.106 (-0.160 - 0.372) 

CXCL6 

0m 0.20 0.84 0.32 (-0.175 - 0.816) 0.18 0.75 0.339 (-0.162 - 0.840) 
0 - ≤3m 0.15 0.83 -0.226 (-0.539 - 0.086) 0.20 0.76 -0.205 (-0.520 - 0.109) 
3 - ≤6m 0.35 0.90 0.149 (-0.167 - 0.464) 0.29 0.88 0.167 (-0.145 - 0.480) 
6 - ≤9m 0.04 0.58 0.288 (0.019 - 0.556) 0.07 0.61 0.249 (-0.020 - 0.519) 

CXCL9 

0m 0.99 0.99 -0.005 (-0.503 - 0.494) 0.84 0.95 -0.051 (-0.559 - 0.457) 
0 - ≤3m 0.01 0.45 -0.408 (-0.722 - -0.094) 0.01 0.43 -0.417 (-0.736 - -0.099) 
3 - ≤6m 0.06 0.68 -0.299 (-0.617 - 0.019) 0.08 0.63 -0.278 (-0.595 - 0.039) 
6 - ≤9m 0.21 0.84 -0.173 (-0.443 - 0.098) 0.08 0.63 -0.241 (-0.514 - 0.032) 

DNER 
0m 0.65 0.94 -0.115 (-0.617 - 0.387) 0.80 0.95 -0.064 (-0.575 - 0.446) 

0 - ≤3m 0.77 0.96 0.047 (-0.270 - 0.363) 0.64 0.94 0.076 (-0.244 - 0.396) 
3 - ≤6m 0.11 0.76 0.257 (-0.062 - 0.577) 0.11 0.67 0.262 (-0.057 - 0.580) 
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6 - ≤9m 0.83 0.96 0.029 (-0.243 - 0.302) 0.82 0.95 0.031 (-0.243 - 0.305) 

EN-RAGE 

0m 0.01 0.45 0.630 (0.133 - 1.126) 0.02 0.49 0.469 (0.065 - 0.873) 
0 - ≤3m 0.79 0.96 0.042 (-0.271 - 0.355) 0.95 0.99 0.008 (-0.246 - 0.261) 
3 - ≤6m 0.08 0.72 0.280 (-0.037 - 0.596) 0.07 0.61 0.235 (-0.017 - 0.486) 
6 - ≤9m 0.02 0.45 0.314 (0.045 - 0.584) 0.37 0.93 0.098 (-0.119 - 0.315) 

FGF-19 

0m 0.11 0.76 0.406 (-0.096 - 0.907) 0.07 0.61 0.479 (-0.038 - 0.995) 
0 - ≤3m 0.13 0.77 0.242 (-0.074 - 0.558) 0.09 0.64 0.279 (-0.045 - 0.603) 
3 - ≤6m 0.51 0.93 0.107 (-0.212 - 0.427) 0.52 0.93 0.106 (-0.216 - 0.428) 
6 - ≤9m 0.17 0.84 0.190 (-0.082 - 0.462) 0.11 0.68 0.224 (-0.054 - 0.501) 

FGF-21 

0m 0.73 0.95 -0.089 (-0.592 - 0.414) 0.61 0.93 -0.132 (-0.646 - 0.381) 
0 - ≤3m 0.79 0.96 0.042 (-0.275 - 0.359) 0.96 0.99 0.008 (-0.314 - 0.331) 
3 - ≤6m 0.22 0.84 0.200 (-0.120 - 0.520) 0.22 0.76 0.202 (-0.119 - 0.522) 
6 - ≤9m 0.49 0.93 0.096 (-0.176 - 0.369) 0.41 0.93 0.115 (-0.160 - 0.391) 

FGF-23 

0m 0.30 0.88 0.265 (-0.237 - 0.768) 0.49 0.93 0.180 (-0.332 - 0.693) 
0 - ≤3m 0.72 0.95 0.057 (-0.259 - 0.374) 0.96 0.99 0.009 (-0.312 - 0.330) 
3 - ≤6m 0.55 0.93 -0.098 (-0.418 - 0.222) 0.52 0.93 -0.104 (-0.424 - 0.215) 
6 - ≤9m 0.48 0.93 -0.099 (-0.371 - 0.174) 0.39 0.93 -0.120 (-0.395 - 0.155) 

FGF-5** 

0m 0.59 0.93 -0.151 (-0.697 - 0.395) 0.62 0.93 -0.142 (-0.699 - 0.414) 
0 - ≤3m 0.94 0.98 0.013 (-0.316 - 0.343) 0.93 0.99 0.015 (-0.322 - 0.351) 
3 - ≤6m 0.24 0.84 0.201 (-0.132 - 0.534) 0.17 0.75 0.233 (-0.102 - 0.567) 
6 - ≤9m 0.33 0.89 -0.143 (-0.428 - 0.142) 0.39 0.93 -0.126 (-0.414 - 0.162) 

Flt3L 

0m 0.77 0.96 0.074 (-0.427 - 0.575) 0.86 0.95 0.047 (-0.465 - 0.560) 
0 - ≤3m 0.12 0.76 -0.252 (-0.568 - 0.064) 0.10 0.67 -0.267 (-0.589 - 0.055) 
3 - ≤6m 0.19 0.84 -0.213 (-0.533 - 0.106) 0.13 0.70 -0.248 (-0.567 - 0.072) 
6 - ≤9m 0.13 0.77 -0.208 (-0.480 - 0.064) 0.12 0.69 -0.217 (-0.492 - 0.059) 

HGF 

0m 0.21 0.84 0.320 (-0.180 - 0.820) 0.22 0.76 0.293 (-0.173 - 0.760) 
0 - ≤3m 0.99 0.99 -0.003 (-0.318 - 0.312) 0.95 0.99 0.009 (-0.284 - 0.302) 
3 - ≤6m 0.75 0.95 0.053 (-0.266 - 0.371) 0.84 0.95 0.031 (-0.261 - 0.322) 
6 - ≤9m 0.04 0.58 0.289 (0.018 - 0.561) 0.14 0.73 0.187 (-0.064 - 0.437) 

IFN-γ 

0m 0.74 0.95 0.085 (-0.418 - 0.589) 0.58 0.93 0.146 (-0.374 - 0.666) 
0 - ≤3m 0.63 0.93 -0.077 (-0.395 - 0.240) 0.81 0.95 -0.039 (-0.365 - 0.288) 
3 - ≤6m 0.79 0.96 -0.043 (-0.364 - 0.277) 0.88 0.96 -0.025 (-0.350 - 0.299) 
6 - ≤9m 0.69 0.95 0.055 (-0.218 - 0.328) 0.65 0.94 0.065 (-0.215 - 0.344) 

IL-10RA 

0m 0.56 0.93 0.148 (-0.355 - 0.652) 0.60 0.93 0.138 (-0.383 - 0.659) 
0 - ≤3m 0.37 0.90 0.144 (-0.174 - 0.461) 0.42 0.93 0.134 (-0.193 - 0.461) 
3 - ≤6m 0.76 0.96 0.050 (-0.271 - 0.371) 0.74 0.95 0.055 (-0.270 - 0.380) 
6 - ≤9m 0.87 0.97 0.023 (-0.251 - 0.296) 0.83 0.95 0.030 (-0.250 - 0.310) 

IL-10RB 

0m 0.54 0.93 -0.155 (-0.654 - 0.344) 0.44 0.93 -0.202 (-0.711 - 0.307) 
0 - ≤3m 0.09 0.75 -0.268 (-0.583 - 0.047) 0.06 0.61 -0.301 (-0.621 - 0.018) 
3 - ≤6m 0.27 0.84 0.181 (-0.138 - 0.499) 0.27 0.86 0.179 (-0.139 - 0.496) 
6 - ≤9m 0.39 0.90 -0.118 (-0.389 - 0.153) 0.41 0.93 -0.115 (-0.388 - 0.159) 

IL-12B 

0m 0.02 0.45 0.592 (0.093 - 1.092) 0.02 0.49 0.623 (0.111 - 1.135) 
0 - ≤3m 0.77 0.96 0.046 (-0.269 - 0.361) 0.62 0.93 0.080 (-0.241 - 0.401) 
3 - ≤6m 0.82 0.96 0.038 (-0.281 - 0.356) 0.75 0.95 0.051 (-0.268 - 0.37) 
6 - ≤9m 0.18 0.84 0.184 (-0.087 - 0.455) 0.29 0.88 0.147 (-0.128 - 0.422) 

IL-15RA 

0m 0.82 0.96 0.058 (-0.442 - 0.558) 0.94 0.99 0.020 (-0.495 - 0.535) 
0 - ≤3m 0.13 0.77 -0.244 (-0.559 - 0.071) 0.12 0.68 -0.257 (-0.580 - 0.066) 
3 - ≤6m 0.26 0.84 -0.184 (-0.503 - 0.135) 0.29 0.87 -0.174 (-0.495 - 0.147) 
6 - ≤9m 0.04 0.58 -0.284 (-0.555 - -0.012) 0.02 0.49 -0.322 (-0.598 - -0.045) 

IL-17A 

0m 0.29 0.87 0.269 (-0.233 - 0.771) 0.34 0.91 0.254 (-0.264 - 0.772) 
0 - ≤3m 0.31 0.89 -0.162 (-0.478 - 0.155) 0.32 0.89 -0.166 (-0.491 - 0.159) 
3 - ≤6m 0.91 0.97 0.019 (-0.301 - 0.339) 0.84 0.95 0.033 (-0.290 - 0.355) 
6 - ≤9m 0.61 0.93 -0.070 (-0.343 - 0.202) 0.56 0.93 -0.083 (-0.361 - 0.195) 

IL-17C 

0m 0.22 0.84 0.312 (-0.191 - 0.815) 0.28 0.86 0.288 (-0.231 - 0.807) 
0 - ≤3m 0.54 0.93 0.099 (-0.218 - 0.416) 0.58 0.93 0.093 (-0.233 - 0.418) 
3 - ≤6m 0.55 0.93 0.098 (-0.223 - 0.418) 0.51 0.93 0.107 (-0.216 - 0.431) 
6 - ≤9m 0.36 0.90 0.126 (-0.147 - 0.399) 0.50 0.93 0.097 (-0.182 - 0.376) 

IL-18 

0m 0.08 0.72 0.450 (-0.049 - 0.950) 0.14 0.73 0.378 (-0.125 - 0.881) 
0 - ≤3m 0.27 0.85 -0.176 (-0.491 - 0.139) 0.23 0.78 -0.194 (-0.510 - 0.121) 
3 - ≤6m 0.34 0.89 -0.156 (-0.474 - 0.162) 0.32 0.90 -0.157 (-0.471 - 0.156) 
6 - ≤9m 0.85 0.96 -0.026 (-0.298 - 0.245) 0.39 0.93 -0.119 (-0.390 - 0.151) 

IL-18R1 0m 0.46 0.93 0.188 (-0.315 - 0.691) 0.57 0.93 0.148 (-0.359 - 0.656) 



 
 
131 
 

0 - ≤3m 0.40 0.90 -0.137 (-0.454 - 0.18) 0.38 0.93 -0.143 (-0.461 - 0.176) 
3 - ≤6m 0.73 0.95 0.057 (-0.263 - 0.377) 0.84 0.95 0.033 (-0.283 - 0.350) 
6 - ≤9m 0.72 0.95 0.050 (-0.223 - 0.323) 0.93 0.99 -0.013 (-0.286 - 0.260) 

IL-4 

0m 0.41 0.90 -0.209 (-0.710 - 0.292) 0.43 0.93 -0.206 (-0.722 - 0.309) 
0 - ≤3m 0.33 0.89 0.158 (-0.158 - 0.473) 0.36 0.93 0.151 (-0.173 - 0.475) 
3 - ≤6m 0.20 0.84 -0.209 (-0.528 - 0.110) 0.21 0.76 -0.205 (-0.526 - 0.117) 
6 - ≤9m 0.44 0.92 -0.108 (-0.379 - 0.164) 0.53 0.93 -0.089 (-0.366 - 0.188) 

IL-6 

0m 0.43 0.91 0.202 (-0.300 - 0.705) 0.18 0.75 0.314 (-0.146 - 0.775) 
0 - ≤3m 0.28 0.86 -0.174 (-0.491 - 0.143) 0.51 0.93 -0.098 (-0.387 - 0.191) 
3 - ≤6m 0.53 0.93 -0.103 (-0.423 - 0.218) 0.49 0.93 -0.102 (-0.389 - 0.186) 
6 - ≤9m 0.61 0.93 -0.071 (-0.344 - 0.201) 0.42 0.93 -0.102 (-0.350 - 0.145) 

IL-7 

0m 0.37 0.90 -0.227 (-0.724 - 0.270) 0.29 0.87 -0.271 (-0.770 - 0.227) 
0 - ≤3m 0.00 0.27 -0.482 (-0.795 - -0.169) 0.00 0.30 -0.515 (-0.828 - -0.202) 
3 - ≤6m 0.05 0.58 -0.321 (-0.637 - -0.004) 0.06 0.61 -0.300 (-0.611 - 0.011) 
6 - ≤9m 0.13 0.77 -0.206 (-0.476 - 0.064) 0.16 0.74 -0.192 (-0.460 - 0.077) 

IL-8 

0m 0.64 0.93 0.120 (-0.382 - 0.623) 0.12 0.68 0.275 (-0.068 - 0.618) 
0 - ≤3m 0.35 0.89 -0.152 (-0.469 - 0.165) 0.71 0.94 -0.040 (-0.255 - 0.175) 
3 - ≤6m 0.40 0.90 -0.136 (-0.457 - 0.184) 0.17 0.75 -0.148 (-0.362 - 0.066) 
6 - ≤9m 0.77 0.96 0.041 (-0.232 - 0.314) 0.80 0.95 -0.024 (-0.208 - 0.160) 

IL-10 

0m 0.66 0.94 -0.112 (-0.613 - 0.389) 0.62 0.93 -0.128 (-0.640 - 0.385) 
0 - ≤3m 0.10 0.75 -0.266 (-0.581 - 0.050) 0.11 0.67 -0.262 (-0.584 - 0.059) 
3 - ≤6m 0.26 0.84 -0.182 (-0.501 - 0.137) 0.36 0.93 -0.150 (-0.470 - 0.169) 
6 - ≤9m 0.81 0.96 0.033 (-0.239 - 0.305) 0.95 0.99 -0.010 (-0.285 - 0.266) 

LAP TGF-β-
1 

0m 0.79 0.96 -0.068 (-0.571 - 0.435) 0.91 0.98 -0.027 (-0.525 - 0.47) 
0 - ≤3m 0.50 0.93 0.108 (-0.209 - 0.425) 0.46 0.93 0.119 (-0.194 - 0.431) 
3 - ≤6m 0.88 0.97 -0.024 (-0.344 - 0.296) 0.98 0.99 -0.003 (-0.314 - 0.307) 
6 - ≤9m 0.24 0.84 0.164 (-0.109 - 0.437) 0.16 0.74 0.190 (-0.077 - 0.458) 

LIF-R 

0m 0.61 0.93 -0.130 (-0.632 - 0.371) 0.56 0.93 -0.152 (-0.668 - 0.365) 
0 - ≤3m 0.10 0.75 -0.267 (-0.583 - 0.049) 0.10 0.66 -0.272 (-0.596 - 0.052) 
3 - ≤6m 0.46 0.93 -0.120 (-0.440 - 0.199) 0.46 0.93 -0.120 (-0.442 - 0.202) 
6 - ≤9m 0.09 0.73 -0.238 (-0.510 - 0.035) 0.06 0.61 -0.266 (-0.544 - 0.012) 

MCP-1 

0m 0.62 0.93 0.126 (-0.378 - 0.630) 0.49 0.93 0.169 (-0.307 - 0.645) 
0 - ≤3m 0.86 0.97 0.029 (-0.289 - 0.347) 0.63 0.94 0.073 (-0.226 - 0.371) 
3 - ≤6m 0.84 0.96 -0.033 (-0.354 - 0.288) 0.80 0.95 -0.039 (-0.335 - 0.258) 
6 - ≤9m 0.92 0.98 -0.014 (-0.288 - 0.259) 0.55 0.93 -0.078 (-0.334 - 0.177) 

MCP-2 

0m 0.41 0.90 0.211 (-0.292 - 0.714) 0.45 0.93 0.198 (-0.321 - 0.717) 
0 - ≤3m 0.46 0.93 0.12 (-0.197 - 0.437) 0.48 0.93 0.116 (-0.209 - 0.442) 
3 - ≤6m 0.72 0.95 0.058 (-0.262 - 0.379) 0.68 0.94 0.069 (-0.255 - 0.393) 
6 - ≤9m 0.69 0.95 -0.056 (-0.329 - 0.217) 0.61 0.93 -0.072 (-0.351 - 0.207) 

MCP-3 

0m 0.25 0.84 -0.292 (-0.795 - 0.210) 0.53 0.93 -0.116 (-0.475 - 0.244) 
0 - ≤3m 0.65 0.94 -0.074 (-0.391 - 0.242) 0.69 0.94 0.045 (-0.180 - 0.271) 
3 - ≤6m 0.51 0.93 -0.108 (-0.428 - 0.212) 0.37 0.93 -0.102 (-0.326 - 0.122) 
6 - ≤9m 0.55 0.93 0.083 (-0.190 - 0.355) 0.71 0.94 0.036 (-0.157 - 0.229) 

MCP-4 

0m 0.29 0.87 0.269 (-0.233 - 0.771) 0.30 0.88 0.270 (-0.244 - 0.783) 
0 - ≤3m 0.32 0.89 -0.160 (-0.477 - 0.156) 0.37 0.93 -0.146 (-0.469 - 0.176) 
3 - ≤6m 0.74 0.95 0.053 (-0.267 - 0.373) 0.69 0.94 0.066 (-0.254 - 0.386) 
6 - ≤9m 0.57 0.93 0.079 (-0.193 - 0.351) 0.78 0.95 0.040 (-0.236 - 0.316) 

MMP-1 

0m 0.80 0.96 -0.065 (-0.562 - 0.431) 0.62 0.93 -0.128 (-0.638 - 0.381) 
0 - ≤3m 0.40 0.90 0.135 (-0.178 - 0.448) 0.54 0.93 0.100 (-0.219 - 0.420) 
3 - ≤6m 0.06 0.67 0.304 (-0.013 - 0.620) 0.07 0.61 0.291 (-0.027 - 0.608) 
6 - ≤9m 0.00 0.30 0.398 (0.128 - 0.667) 0.01 0.43 0.372 (0.098 - 0.645) 

MMP-10 

0m 0.70 0.95 0.097 (-0.406 - 0.601) 0.75 0.95 0.084 (-0.427 - 0.596) 
0 - ≤3m 0.60 0.93 0.085 (-0.232 - 0.402) 0.57 0.93 0.093 (-0.228 - 0.414) 
3 - ≤6m 0.21 0.84 0.207 (-0.114 - 0.527) 0.14 0.73 0.238 (-0.008 - 0.557) 
6 - ≤9m 0.39 0.90 0.120 (-0.153 - 0.393) 0.60 0.93 0.074 (-0.200 - 0.349) 

NT-3 

0m 0.78 0.96 -0.072 (-0.576 - 0.431) 0.87 0.96 -0.044 (-0.559 - 0.471) 
0 - ≤3m 0.82 0.96 -0.037 (-0.355 - 0.280) 0.85 0.95 -0.030 (-0.353 - 0.293) 
3 - ≤6m 0.42 0.91 0.131 (-0.190 - 0.452) 0.36 0.93 0.149 (-0.172 - 0.470) 
6 - ≤9m 0.88 0.97 -0.020 (-0.294 - 0.253) 0.98 0.99 0.004 (-0.272 - 0.281) 

OPG 
0m 0.58 0.93 0.141 (-0.362 - 0.644) 0.70 0.94 0.101 (-0.416 - 0.618) 

0 - ≤3m 0.66 0.94 -0.070 (-0.387 - 0.247) 0.57 0.93 -0.094 (-0.419 - 0.230) 
3 - ≤6m 0.84 0.96 0.034 (-0.286 - 0.354) 1.00 1.00 0.000 (-0.323 - 0.322) 
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6 - ≤9m 0.31 0.89 0.141 (-0.132 - 0.414) 0.34 0.92 0.134 (-0.143 - 0.412) 

OSM 

0m 0.71 0.95 0.095 (-0.408 - 0.597) 0.51 0.93 0.123 (-0.247 - 0.493) 
0 - ≤3m 0.74 0.95 -0.054 (-0.370 - 0.263) 1.00 1.00 0.000 (-0.232 - 0.232) 
3 - ≤6m 0.71 0.95 -0.060 (-0.380 - 0.260) 0.46 0.93 -0.087 (-0.317 - 0.144) 
6 - ≤9m 0.28 0.86 0.151 (-0.122 - 0.423) 0.85 0.95 0.02 (-0.179 - 0.218) 

PD-L1 

0m 0.48 0.93 0.179 (-0.324 - 0.681) 0.70 0.94 0.099 (-0.406 - 0.605) 
0 - ≤3m 0.26 0.84 -0.180 (-0.497 - 0.136) 0.21 0.76 -0.203 (-0.52 - 0.114) 
3 - ≤6m 0.85 0.96 -0.031 (-0.351 - 0.289) 0.87 0.96 -0.027 (-0.342 - 0.288) 
6 - ≤9m 0.45 0.93 -0.105 (-0.378 - 0.167) 0.15 0.73 -0.201 (-0.472 - 0.071) 

SCF 

0m 0.46 0.93 0.188 (-0.311 - 0.686) 0.27 0.86 0.282 (-0.224 - 0.788) 
0 - ≤3m 0.01 0.45 0.406 (0.092 - 0.721) 0.01 0.43 0.441 (0.124 - 0.758) 
3 - ≤6m 0.05 0.58 0.324 (0.006 - 0.641) 0.05 0.56 0.319 (0.004 - 0.634) 
6 - ≤9m 0.05 0.62 0.267 (-0.004 - 0.537) 0.01 0.46 0.343 (0.071 - 0.614) 

SIRT2 

0m 0.81 0.96 -0.060 (-0.564 - 0.444) 0.50 0.93 -0.174 (-0.678 - 0.33) 
0 - ≤3m 0.89 0.97 -0.023 (-0.340 - 0.295) 0.66 0.94 -0.07 (-0.386 - 0.246) 
3 - ≤6m 0.92 0.98 -0.016 (-0.337 - 0.305) 0.71 0.94 -0.06 (-0.374 - 0.254) 
6 - ≤9m 0.70 0.95 0.054 (-0.220 - 0.327) 0.83 0.95 -0.029 (-0.300 - 0.242) 

SLAMF1 

0m 0.56 0.93 0.149 (-0.350 - 0.648) 0.97 0.99 0.011 (-0.500 - 0.521) 
0 - ≤3m 0.11 0.76 -0.260 (-0.574 - 0.055) 0.04 0.56 -0.331 (-0.652 - -0.011) 
3 - ≤6m 0.02 0.45 -0.372 (-0.69 - -0.054) 0.01 0.43 -0.412 (-0.730 - -0.094) 
6 - ≤9m 0.34 0.89 -0.132 (-0.402 - 0.139) 0.18 0.75 -0.186 (-0.460 - 0.088) 

ST1A1 

0m 0.25 0.84 -0.291 (-0.793 - 0.211) 0.16 0.74 -0.347 (-0.832 - 0.137) 
0 - ≤3m 0.98 0.99 -0.004 (-0.320 - 0.312) 0.91 0.98 -0.017 (-0.321 - 0.287) 
3 - ≤6m 0.97 0.99 0.005 (-0.314 - 0.325) 0.70 0.94 -0.060 (-0.362 - 0.242) 
6 - ≤9m 0.29 0.87 0.147 (-0.126 - 0.419) 0.52 0.93 0.085 (-0.176 - 0.345) 

STAMBP 

0m 0.79 0.96 0.068 (-0.436 - 0.572) 0.80 0.95 -0.066 (-0.579 - 0.447) 
0 - ≤3m 0.56 0.93 -0.093 (-0.411 - 0.224) 0.33 0.90 -0.160 (-0.482 - 0.162) 
3 - ≤6m 0.93 0.98 -0.015 (-0.336 - 0.306) 0.81 0.95 -0.040 (-0.360 - 0.28) 
6 - ≤9m 0.87 0.97 -0.023 (-0.296 - 0.251) 0.56 0.93 -0.082 (-0.358 - 0.193) 

TGF-ɑ 

0m 0.36 0.90 0.234 (-0.267 - 0.735) 0.35 0.93 0.23 (-0.252 - 0.712) 
0 - ≤3m 0.67 0.94 -0.069 (-0.385 - 0.247) 0.82 0.95 -0.035 (-0.337 - 0.267) 
3 - ≤6m 0.64 0.93 -0.077 (-0.396 - 0.243) 0.56 0.93 -0.09 (-0.39 - 0.211) 
6 - ≤9m 0.22 0.84 0.171 (-0.101 - 0.443) 0.64 0.94 0.062 (-0.197 - 0.321) 

TNF 

0m 0.19 0.84 0.336 (-0.164 - 0.837) 0.10 0.66 0.434 (-0.079 - 0.947) 
0 - ≤3m 0.21 0.84 -0.200 (-0.515 - 0.116) 0.39 0.93 -0.141 (-0.463 - 0.181) 
3 - ≤6m 0.25 0.84 -0.188 (-0.507 - 0.131) 0.32 0.89 -0.162 (-0.482 - 0.158) 
6 - ≤9m 0.47 0.93 -0.100 (-0.371 - 0.172) 0.51 0.93 -0.092 (-0.368 - 0.184) 

TNFB 

0m 0.61 0.93 0.131 (-0.369 - 0.631) 0.94 0.99 0.018 (-0.491 - 0.528) 
0 - ≤3m 0.07 0.72 -0.290 (-0.605 - 0.025) 0.03 0.56 -0.348 (-0.668 - -0.028) 
3 - ≤6m 0.20 0.84 -0.207 (-0.526 - 0.111) 0.17 0.75 -0.222 (-0.540 - 0.095) 
6 - ≤9m 0.08 0.72 -0.244 (-0.515 - 0.027) 0.04 0.56 -0.284 (-0.558 - -0.010) 

TNFRSF9 

0m 0.02 0.45 0.603 (0.103 - 1.103) 0.04 0.56 0.535 (0.031 - 1.040) 
0 - ≤3m 0.84 0.96 0.032 (-0.283 - 0.347) 0.96 0.99 0.008 (-0.309 - 0.325) 
3 - ≤6m 0.92 0.98 0.016 (-0.303 - 0.335) 0.84 0.95 0.033 (-0.282 - 0.347) 
6 - ≤9m 0.71 0.95 0.051 (-0.220 - 0.322) 0.90 0.98 -0.017 (-0.288 - 0.255) 

TNFSF14 

0m 0.34 0.89 0.246 (-0.257 - 0.748) 0.26 0.85 0.233 (-0.173 - 0.639) 
0 - ≤3m 0.91 0.97 0.019 (-0.298 - 0.336) 0.72 0.94 0.047 (-0.208 - 0.301) 
3 - ≤6m 0.90 0.97 0.020 (-0.300 - 0.340) 0.76 0.95 -0.039 (-0.292 - 0.214) 
6 - ≤9m 0.17 0.84 0.189 (-0.083 - 0.462) 0.53 0.93 0.069 (-0.149 - 0.287) 

TRAIL 

0m 0.15 0.80 0.370 (-0.131 - 0.872) 0.21 0.76 0.326 (-0.185 - 0.837) 
0 - ≤3m 0.49 0.93 -0.112 (-0.428 - 0.204) 0.45 0.93 -0.124 (-0.445 - 0.196) 
3 - ≤6m 0.83 0.96 -0.034 (-0.354 - 0.285) 0.88 0.96 -0.025 (-0.343 - 0.294) 
6 - ≤9m 0.39 0.90 -0.118 (-0.391 - 0.154) 0.26 0.85 -0.158 (-0.432 - 0.116) 

TRANCE 

0m 0.46 0.93 0.189 (-0.314 - 0.692) 0.39 0.93 0.228 (-0.291 - 0.748) 
0 - ≤3m 0.61 0.93 -0.082 (-0.399 - 0.235) 0.75 0.95 -0.054 (-0.379 - 0.272) 
3 - ≤6m 0.75 0.96 -0.051 (-0.372 - 0.269) 0.84 0.95 -0.034 (-0.357 - 0.290) 
6 - ≤9m 0.41 0.90 -0.116 (-0.389 - 0.157) 0.37 0.93 -0.127 (-0.406 - 0.153) 

TWEAK 

0m 0.05 0.58 0.505 (0.010 – 1.000) 0.07 0.61 0.467 (-0.042 - 0.975) 
0 - ≤3m 0.67 0.94 0.067 (-0.244 - 0.379) 0.78 0.95 0.046 (-0.273 - 0.365) 
3 - ≤6m 0.04 0.58 0.336 (0.021 - 0.652) 0.04 0.56 0.325 (0.008 - 0.643) 
6 - ≤9m 0.00 0.27 0.421 (0.152 - 0.689) 0.00 0.42 0.401 (0.128 - 0.675) 

uPA 0m 0.25 0.84 0.297 (-0.205 - 0.800) 0.51 0.93 0.163 (-0.324 - 0.649) 
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**46 infants had an NA value for FGF-5. 
 
 
  

0 - ≤3m 0.95 0.98 -0.011 (-0.328 - 0.306) 0.59 0.93 -0.083 (-0.388 - 0.222) 
3 - ≤6m 0.41 0.90 0.133 (-0.187 - 0.454) 0.79 0.95 0.040 (-0.263 - 0.344) 
6 - ≤9m 0.67 0.94 0.059 (-0.214 - 0.332) 0.95 0.99 0.009 (-0.252 - 0.270) 

VEGFA 

0m 0.57 0.93 0.146 (-0.354 - 0.647) 0.50 0.93 0.172 (-0.332 - 0.676) 
0 - ≤3m 0.58 0.93 -0.089 (-0.404 - 0.227) 0.70 0.94 -0.061 (-0.378 - 0.255) 
3 - ≤6m 0.88 0.97 0.024 (-0.295 - 0.343) 0.76 0.95 0.049 (-0.265 - 0.363) 
6 - ≤9m 0.10 0.75 0.230 (-0.041 - 0.502) 0.18 0.75 0.185 (-0.086 - 0.455) 
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Supplementary Table 9. Linear regression associations of infant serum biomarker levels 
with categorical exclusive HMF duration (infants grouped in four-month intervals) among 
one-year-old CHILD cohort infants (not currently HMF subset, n=347). Results from 
univariable and multivariable (adjusting for time until blood sample centrifugation, sex, and 
study site) linear regression models that use categorical exclusive HMF duration (infants grouped 
in four-month intervals) to predict biomarker levels (standardized NPX). The >8m HMF group 
was used as reference.  

Olink 
Biomarkers 

Variable 
Groups Univariable Multivariable 

  P-value FDR 
P-value 

β-Coefficient 
(95% CI) P-value FDR 

P-value 
β-Coefficient 

(95% CI) 

4E-BP1 
0m 0.55 0.92 0.152 (-0.342 - 0.645) 0.84 0.95 0.05 (-0.447 - 0.547) 

0 - ≤4m 0.73 0.94 -0.050 (-0.336 - 0.237) 0.41 0.79 -0.121 (-0.409 - 0.167) 
4 - ≤8m 0.33 0.80 -0.123 (-0.369 - 0.124) 0.33 0.79 -0.120 (-0.364 - 0.123) 

ADA 
0m 0.68 0.94 -0.105 (-0.598 - 0.389) 0.38 0.79 -0.215 (-0.695 - 0.266) 

0 - ≤4m 0.25 0.78 -0.168 (-0.455 - 0.119) 0.21 0.71 -0.18 (-0.458 - 0.099) 
4 - ≤8m 0.79 0.94 -0.034 (-0.2800 - 0.213) 0.40 0.79 -0.101 (-0.337 - 0.134) 

AXIN1 
0m 0.97 0.99 -0.011 (-0.504 - 0.482) 0.30 0.79 -0.243 (-0.706 - 0.221) 

0 - ≤4m 0.19 0.77 -0.191 (-0.478 - 0.095) 0.08 0.62 -0.243 (-0.512 - 0.026) 
4 - ≤8m 0.36 0.81 -0.115 (-0.361 - 0.131) 0.10 0.62 -0.192 (-0.42 - 0.035) 

CASP-8 
0m 0.45 0.88 0.188 (-0.305 - 0.681) 0.33 0.79 0.168 (-0.167 - 0.503) 

0 - ≤4m 0.90 0.97 0.018 (-0.268 - 0.305) 0.41 0.79 0.081 (-0.114 - 0.275) 
4 - ≤8m 0.28 0.80 0.135 (-0.111 - 0.382) 0.73 0.93 0.029 (-0.135 - 0.193) 

CCL11 
0m 0.46 0.88 0.186 (-0.304 - 0.676) 0.46 0.84 0.184 (-0.309 - 0.678) 

0 - ≤4m 0.03 0.52 -0.307 (-0.592 - -0.022) 0.06 0.62 -0.272 (-0.558 - 0.015) 
4 - ≤8m 0.48 0.90 -0.089 (-0.334 - 0.156) 0.38 0.79 -0.107 (-0.349 - 0.134) 

CCL19 
0m 0.03 0.52 0.534 (0.045 - 1.023) 0.02 0.49 0.587 (0.113 - 1.060) 

0 - ≤4m 0.41 0.85 -0.118 (-0.402 - 0.166) 0.40 0.79 -0.119 (-0.393 - 0.156) 
4 - ≤8m 0.21 0.77 -0.155 (-0.399 - 0.089) 0.40 0.79 -0.099 (-0.331 - 0.134) 

CCL20 
0m 0.27 0.80 0.275 (-0.218 - 0.768) 0.11 0.62 0.402 (-0.094 - 0.898) 

0 - ≤4m 0.71 0.94 0.054 (-0.233 - 0.341) 0.36 0.79 0.134 (-0.154 - 0.422) 
4 - ≤8m 0.74 0.94 -0.041 (-0.288 - 0.205) 0.95 0.97 -0.008 (-0.251 - 0.236) 

CCL23 
0m 0.58 0.92 0.139 (-0.354 - 0.632) 0.85 0.95 0.048 (-0.449 - 0.546) 

0 - ≤4m 0.33 0.80 -0.143 (-0.430 - 0.144) 0.23 0.71 -0.177 (-0.465 - 0.112) 
4 - ≤8m 0.66 0.94 -0.056 (-0.302 - 0.191) 0.65 0.91 -0.057 (-0.301 - 0.187) 

CCL25 
0m 0.03 0.52 0.535 (0.044 - 1.026) 0.08 0.62 0.446 (-0.054 - 0.946) 

0 - ≤4m 0.40 0.85 0.123 (-0.162 - 0.408) 0.58 0.90 0.082 (-0.208 - 0.372) 
4 - ≤8m 0.34 0.80 0.118 (-0.127 - 0.364) 0.39 0.79 0.108 (-0.137 - 0.353) 

CCL28 
0m 0.79 0.94 -0.065 (-0.559 - 0.428) 0.89 0.96 0.034 (-0.459 - 0.527) 

0 - ≤4m 0.29 0.80 -0.153 (-0.440 - 0.134) 0.46 0.84 -0.106 (-0.392 - 0.180) 
4 - ≤8m 0.22 0.77 -0.155 (-0.401 - 0.091) 0.32 0.79 -0.122 (-0.364 - 0.120) 

CCL3 
0m 0.25 0.78 0.288 (-0.205 - 0.780) 0.05 0.57 0.451 (0.005 - 0.896) 

0 - ≤4m 0.35 0.80 -0.137 (-0.423 - 0.150) 0.70 0.93 -0.051 (-0.309 - 0.207) 
4 - ≤8m 0.59 0.92 -0.067 (-0.313 - 0.179) 0.42 0.80 -0.089 (-0.307 - 0.129) 

CCL4 
0m 0.17 0.76 0.342 (-0.151 - 0.834) 0.05 0.57 0.470 (0.010 - 0.931) 

0 - ≤4m 0.50 0.91 -0.098 (-0.384 - 0.188) 0.80 0.95 -0.034 (-0.301 - 0.233) 
4 - ≤8m 0.60 0.92 -0.066 (-0.312 - 0.180) 0.46 0.84 -0.084 (-0.310 - 0.141) 

CD244 
0m 0.18 0.76 -0.336 (-0.824 - 0.151) 0.08 0.62 -0.388 (-0.826 - 0.051) 

0 - ≤4m 0.01 0.47 -0.377 (-0.661 - -0.094) 0.01 0.42 -0.357 (-0.612 - -0.103) 
4 - ≤8m 0.88 0.97 0.019 (-0.225 - 0.263) 0.59 0.90 -0.059 (-0.273 - 0.156) 

CD40 
0m 0.59 0.92 -0.136 (-0.629 - 0.356) 0.36 0.79 -0.172 (-0.538 - 0.194) 

0 - ≤4m 0.63 0.94 -0.070 (-0.357 - 0.216) 0.83 0.95 -0.024 (-0.236 - 0.188) 
4 - ≤8m 0.35 0.80 0.118 (-0.128 - 0.364) 0.84 0.95 0.019 (-0.161 - 0.198) 

CD5 
0m 0.01 0.48 0.623 (0.135 - 1.112) 0.02 0.49 0.582 (0.104 - 1.061) 

0 - ≤4m 0.35 0.80 -0.135 (-0.419 - 0.149) 0.36 0.79 -0.128 (-0.406 - 0.150) 
4 - ≤8m 0.88 0.97 0.018 (-0.226 - 0.262) 0.78 0.95 -0.033 (-0.267 - 0.202) 

CD6 
0m 0.06 0.61 0.466 (-0.023 - 0.955) 0.08 0.62 0.428 (-0.050 - 0.905) 

0 - ≤4m 0.09 0.65 -0.243 (-0.528 - 0.041) 0.09 0.62 -0.243 (-0.520 - 0.034) 
4 - ≤8m 0.97 0.99 -0.005 (-0.249 - 0.239) 0.62 0.91 -0.058 (-0.292 - 0.176) 
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CD8A 
0m 0.06 0.61 0.479 (-0.011 - 0.968) 0.04 0.57 0.516 (0.025 - 1.007) 

0 - ≤4m 0.17 0.76 -0.199 (-0.484 - 0.085) 0.19 0.71 -0.192 (-0.477 - 0.093) 
4 - ≤8m 0.49 0.90 -0.086 (-0.331 - 0.158) 0.65 0.91 -0.056 (-0.297 - 0.185) 

CDCP1 
0m 0.82 0.95 -0.058 (-0.551 - 0.435) 0.57 0.90 -0.147 (-0.651 - 0.357) 

0 - ≤4m 0.42 0.85 -0.118 (-0.405 - 0.168) 0.35 0.79 -0.139 (-0.432 - 0.153) 
4 - ≤8m 0.22 0.77 -0.155 (-0.401 - 0.091) 0.14 0.69 -0.186 (-0.433 - 0.061) 

CSF-1 
0m 0.69 0.94 0.101 (-0.393 - 0.595) 0.66 0.91 0.110 (-0.376 - 0.595) 

0 - ≤4m 0.69 0.94 -0.059 (-0.347 - 0.228) 0.82 0.95 -0.032 (-0.314 - 0.250) 
4 - ≤8m 0.99 1.00 -0.001 (-0.248 - 0.246) 0.73 0.93 -0.042 (-0.281 - 0.196) 

CST5 
0m 0.08 0.64 0.436 (-0.054 - 0.926) 0.22 0.71 0.308 (-0.188 - 0.804) 

0 - ≤4m 0.07 0.64 0.261 (-0.024 - 0.545) 0.20 0.71 0.188 (-0.099 - 0.476) 
4 - ≤8m 0.06 0.61 0.236 (-0.009 - 0.481) 0.09 0.62 0.213 (-0.030 - 0.456) 

CX3CL1 
0m 0.73 0.94 0.086 (-0.405 - 0.577) 0.91 0.96 0.027 (-0.463 - 0.518) 

0 - ≤4m 0.04 0.52 0.298 (0.012 - 0.583) 0.09 0.62 0.246 (-0.039 - 0.531) 
4 - ≤8m 0.11 0.65 0.198 (-0.047 - 0.443) 0.07 0.62 0.219 (-0.022 - 0.459) 

CXCL1 
0m 0.76 0.94 -0.076 (-0.567 - 0.416) 0.83 0.95 -0.053 (-0.540 - 0.434) 

0 - ≤4m 0.10 0.65 -0.238 (-0.524 - 0.048) 0.20 0.71 -0.183 (-0.465 - 0.099) 
4 - ≤8m 0.57 0.92 0.072 (-0.174 - 0.317) 0.69 0.93 0.048 (-0.190 - 0.287) 

CXCL10 
0m 0.11 0.65 0.396 (-0.095 - 0.888) 0.10 0.62 0.423 (-0.082 - 0.929) 

0 - ≤4m 0.42 0.85 -0.117 (-0.403 - 0.168) 0.57 0.90 -0.086 (-0.379 - 0.208) 
4 - ≤8m 0.49 0.90 -0.087 (-0.332 - 0.159) 0.50 0.87 -0.084 (-0.332 - 0.163) 

CXCL11 
0m 0.25 0.78 0.291 (-0.202 - 0.783) 0.18 0.71 0.331 (-0.156 - 0.818) 

0 - ≤4m 0.44 0.88 -0.112 (-0.399 - 0.174) 0.75 0.94 -0.046 (-0.328 - 0.237) 
4 - ≤8m 0.98 0.99 -0.003 (-0.249 - 0.244) 0.85 0.95 -0.023 (-0.261 - 0.216) 

CXCL5 
0m 0.85 0.97 -0.048 (-0.540 - 0.443) 0.63 0.91 -0.119 (-0.604 - 0.366) 

0 - ≤4m 0.72 0.94 -0.052 (-0.338 - 0.234) 0.76 0.94 -0.045 (-0.326 - 0.237) 
4 - ≤8m 0.11 0.65 0.199 (-0.047 - 0.444) 0.10 0.62 0.202 (-0.035 - 0.440) 

CXCL6 
0m 0.31 0.80 0.251 (-0.237 - 0.740) 0.26 0.76 0.280 (-0.213 - 0.773) 

0 - ≤4m 0.11 0.65 -0.234 (-0.519 - 0.050) 0.18 0.71 -0.193 (-0.479 - 0.093) 
4 - ≤8m 0.20 0.77 0.159 (-0.086 - 0.403) 0.22 0.71 0.150 (-0.092 - 0.392) 

CXCL9 
0m 0.87 0.97 0.041 (-0.450 - 0.531) 0.93 0.96 0.023 (-0.476 - 0.521) 

0 - ≤4m 0.03 0.52 -0.322 (-0.607 - -0.037) 0.04 0.57 -0.297 (-0.586 - -0.008) 
4 - ≤8m 0.12 0.66 -0.193 (-0.438 - 0.052) 0.10 0.62 -0.205 (-0.449 - 0.040) 

DNER 
0m 0.54 0.92 -0.153 (-0.647 - 0.340) 0.65 0.91 -0.115 (-0.616 - 0.385) 

0 - ≤4m 0.89 0.97 -0.020 (-0.307 - 0.267) 0.97 0.98 -0.005 (-0.295 - 0.286) 
4 - ≤8m 0.50 0.91 0.084 (-0.162 - 0.331) 0.57 0.90 0.071 (-0.174 - 0.316) 

EN-RAGE 
0m 0.02 0.52 0.561 (0.073 - 1.049) 0.02 0.50 0.459 (0.064 - 0.854) 

0 - ≤4m 0.92 0.97 -0.015 (-0.298 - 0.269) 0.73 0.93 0.040 (-0.189 - 0.270) 
4 - ≤8m 0.04 0.52 0.257 (0.013 - 0.500) 0.13 0.64 0.151 (-0.043 - 0.345) 

FGF-19 
0m 0.16 0.76 0.351 (-0.142 - 0.843) 0.11 0.62 0.408 (-0.099 - 0.914) 

0 - ≤4m 0.19 0.77 0.190 (-0.097 - 0.476) 0.16 0.71 0.210 (-0.083 - 0.504) 
4 - ≤8m 0.53 0.92 0.078 (-0.168 - 0.324) 0.51 0.88 0.083 (-0.165 - 0.331) 

FGF-21 
0m 0.68 0.94 -0.102 (-0.595 - 0.391) 0.56 0.90 -0.150 (-0.652 - 0.351) 

0 - ≤4m 0.86 0.97 0.025 (-0.262 - 0.312) 0.92 0.96 -0.015 (-0.306 - 0.276) 
4 - ≤8m 0.21 0.77 0.156 (-0.091 - 0.402) 0.17 0.71 0.170 (-0.076 - 0.416) 

FGF-23 
0m 0.32 0.80 0.251 (-0.241 - 0.743) 0.49 0.87 0.175 (-0.325 - 0.676) 

0 - ≤4m 0.93 0.98 0.013 (-0.273 - 0.299) 0.89 0.96 -0.021 (-0.311 - 0.269) 
4 - ≤8m 0.22 0.77 -0.153 (-0.399 - 0.093) 0.23 0.71 -0.151 (-0.396 - 0.094) 

FGF-5** 
0m 0.58 0.92 -0.151 (-0.690 - 0.388) 0.59 0.90 -0.148 (-0.696 - 0.399) 

0 - ≤4m 0.79 0.94 -0.041 (-0.339 - 0.257) 0.73 0.93 -0.054 (-0.358 - 0.250) 
4 - ≤8m 0.94 0.98 0.010 (-0.249 - 0.268) 0.84 0.95 0.026 (-0.233 - 0.285) 

Flt3L 
0m 0.78 0.94 0.068 (-0.421 - 0.558) 0.87 0.96 0.043 (-0.456 - 0.542) 

0 - ≤4m 0.05 0.61 -0.284 (-0.568 - 0.001) 0.04 0.57 -0.298 (-0.587 - -0.008) 
4 - ≤8m 0.03 0.52 -0.265 (-0.509 - -0.020) 0.02 0.50 -0.282 (-0.527 - -0.038) 

HGF 
0m 0.34 0.80 0.239 (-0.254 - 0.732) 0.32 0.79 0.234 (-0.224 - 0.692) 

0 - ≤4m 0.64 0.94 -0.068 (-0.354 - 0.219) 0.92 0.96 -0.013 (-0.279 - 0.252) 
4 - ≤8m 0.46 0.88 0.093 (-0.153 - 0.339) 0.77 0.95 0.034 (-0.191 - 0.258) 

IFN-γ 
0m 0.79 0.94 0.067 (-0.427 - 0.562) 0.62 0.91 0.128 (-0.381 - 0.637) 

0 - ≤4m 0.65 0.94 -0.067 (-0.354 - 0.221) 0.84 0.95 -0.030 (-0.325 - 0.266) 
4 - ≤8m 0.85 0.97 -0.023 (-0.270 - 0.224) 0.94 0.97 -0.010 (-0.259 - 0.240) 

IL-10RA 0m 0.57 0.92 0.141 (-0.353 - 0.635) 0.63 0.91 0.126 (-0.384 - 0.635) 
0 - ≤4m 0.48 0.90 0.104 (-0.184 - 0.391) 0.55 0.90 0.090 (-0.206 - 0.385) 
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4 - ≤8m 0.77 0.94 0.037 (-0.209 - 0.284) 0.74 0.94 0.042 (-0.208 - 0.292) 

IL-10RB 
0m 0.66 0.94 -0.110 (-0.602 - 0.383) 0.54 0.90 -0.156 (-0.658 - 0.345) 

0 - ≤4m 0.30 0.80 -0.151 (-0.437 - 0.136) 0.19 0.71 -0.193 (-0.484 - 0.098) 
4 - ≤8m 0.59 0.92 0.067 (-0.180 - 0.313) 0.65 0.91 0.056 (-0.189 - 0.302) 

IL-12B 
0m 0.04 0.52 0.519 (0.029 - 1.010) 0.03 0.57 0.551 (0.050 - 1.052) 

0 - ≤4m 0.55 0.92 -0.088 (-0.373 - 0.197) 0.78 0.95 -0.041 (-0.332 - 0.249) 
4 - ≤8m 0.67 0.94 0.053 (-0.192 - 0.298) 0.72 0.93 0.044 (-0.201 - 0.290) 

IL-15RA 
0m 0.63 0.94 0.119 (-0.373 - 0.611) 0.72 0.93 0.093 (-0.413 - 0.598) 

0 - ≤4m 0.11 0.65 -0.235 (-0.521 - 0.051) 0.11 0.62 -0.237 (-0.530 - 0.056) 
4 - ≤8m 0.21 0.77 -0.155 (-0.401 - 0.090) 0.19 0.71 -0.166 (-0.413 - 0.082) 

IL-17A 
0m 0.35 0.80 0.233 (-0.259 - 0.725) 0.39 0.79 0.219 (-0.286 - 0.725) 

0 - ≤4m 0.15 0.74 -0.209 (-0.495 - 0.077) 0.16 0.71 -0.210 (-0.504 - 0.083) 
4 - ≤8m 0.38 0.83 -0.111 (-0.356 - 0.135) 0.40 0.79 -0.107 (-0.355 - 0.141) 

IL-17C 
0m 0.30 0.80 0.258 (-0.236 - 0.752) 0.35 0.79 0.241 (-0.267 - 0.749) 

0 - ≤4m 0.75 0.94 0.046 (-0.241 - 0.333) 0.71 0.93 0.056 (-0.239 - 0.351) 
4 - ≤8m 0.80 0.95 0.031 (-0.216 - 0.278) 0.82 0.95 0.029 (-0.220 - 0.278) 

IL-18 
0m 0.06 0.61 0.467 (-0.023 - 0.956) 0.09 0.62 0.420 (-0.072 - 0.913) 

0 - ≤4m 0.19 0.77 -0.190 (-0.475 - 0.095) 0.24 0.72 -0.169 (-0.455 - 0.116) 
4 - ≤8m 0.79 0.94 -0.033 (-0.277 - 0.212) 0.57 0.90 -0.069 (-0.311 - 0.172) 

IL-18R1 
0m 0.61 0.93 0.127 (-0.367 - 0.620) 0.68 0.93 0.104 (-0.392 - 0.600) 

0 - ≤4m 0.25 0.78 -0.169 (-0.455 - 0.118) 0.31 0.79 -0.148 (-0.436 - 0.140) 
4 - ≤8m 0.58 0.92 -0.069 (-0.315 - 0.177) 0.40 0.79 -0.103 (-0.346 - 0.140) 

IL-4 
0m 0.36 0.81 -0.228 (-0.719 - 0.262) 0.35 0.79 -0.242 (-0.746 - 0.262) 

0 - ≤4m 0.58 0.92 0.080 (-0.205 - 0.365) 0.69 0.93 0.059 (-0.234 - 0.351) 
4 - ≤8m 0.08 0.64 -0.220 (-0.465 - 0.025) 0.08 0.62 -0.222 (-0.469 - 0.025) 

IL-6 
0m 0.35 0.80 0.236 (-0.258 - 0.729) 0.12 0.64 0.357 (-0.094 - 0.807) 

0 - ≤4m 0.48 0.90 -0.102 (-0.389 - 0.185) 0.90 0.96 -0.017 (-0.278 - 0.245) 
4 - ≤8m 0.69 0.94 -0.049 (-0.296 - 0.197) 0.49 0.87 -0.078 (-0.299 - 0.143) 

IL-7 
0m 0.30 0.80 -0.254 (-0.737 - 0.229) 0.21 0.71 -0.305 (-0.787 - 0.178) 

0 - ≤4m <0.01 0.03 -0.555 (-0.835 - -0.274) <0.01 0.01 -0.593 (-0.873 - -0.313) 
4 - ≤8m 0.01 0.47 -0.334 (-0.575 - -0.093) 0.01 0.47 -0.310 (-0.546 - -0.073) 

IL-8 
0m 0.51 0.91 0.166 (-0.327 - 0.660) 0.05 0.57 0.336 (0.000 - 0.672) 

0 - ≤4m 0.58 0.92 -0.080 (-0.367 - 0.207) 0.60 0.90 0.052 (-0.143 - 0.247) 
4 - ≤8m 0.60 0.92 0.066 (-0.180 - 0.313) 0.92 0.96 0.008 (-0.157 - 0.173) 

IL-10 
0m 0.69 0.94 -0.099 (-0.591 - 0.393) 0.70 0.93 -0.098 (-0.600 - 0.403) 

0 - ≤4m 0.08 0.64 -0.255 (-0.541 - 0.031) 0.13 0.64 -0.227 (-0.518 - 0.063) 
4 - ≤8m 0.94 0.98 -0.009 (-0.255 - 0.237) 0.97 0.98 -0.005 (-0.251 - 0.240) 

LAP TGF-β-
1 

0m 0.59 0.92 -0.136 (-0.630 - 0.358) 0.64 0.91 -0.115 (-0.604 - 0.373) 
0 - ≤4m 0.98 0.99 -0.003 (-0.290 - 0.284) 0.97 0.98 -0.005 (-0.288 - 0.278) 
4 - ≤8m 1.00 1.00 0.000 (-0.247 - 0.247) 0.94 0.97 0.009 (-0.231 - 0.248) 

LIF-R 
0m 0.70 0.94 -0.095 (-0.587 - 0.397) 0.69 0.93 -0.104 (-0.610 - 0.402) 

0 - ≤4m 0.06 0.62 -0.269 (-0.555 - 0.017) 0.08 0.62 -0.262 (-0.556 - 0.031) 
4 - ≤8m 0.24 0.78 -0.147 (-0.392 - 0.099) 0.24 0.71 -0.150 (-0.398 - 0.098) 

MCP-1 
0m 0.56 0.92 0.148 (-0.346 - 0.642) 0.37 0.79 0.211 (-0.255 - 0.676) 

0 - ≤4m 0.76 0.94 0.045 (-0.242 - 0.332) 0.40 0.79 0.116 (-0.154 - 0.386) 
4 - ≤8m 0.87 0.97 0.021 (-0.226 - 0.268) 0.91 0.96 -0.012 (-0.240 - 0.216) 

MCP-2 
0m 0.32 0.80 0.251 (-0.243 - 0.744) 0.34 0.79 0.249 (-0.259 - 0.756) 

0 - ≤4m 0.30 0.80 0.151 (-0.136 - 0.438) 0.29 0.79 0.159 (-0.135 - 0.454) 
4 - ≤8m 0.61 0.93 0.063 (-0.183 - 0.310) 0.59 0.90 0.069 (-0.180 - 0.318) 

MCP-3 
0m 0.24 0.78 -0.298 (-0.791 - 0.196) 0.53 0.89 -0.112 (-0.463 - 0.239) 

0 - ≤4m 0.82 0.95 -0.032 (-0.319 - 0.254) 0.32 0.79 0.103 (-0.101 - 0.307) 
4 - ≤8m 0.90 0.97 -0.016 (-0.262 - 0.231) 0.52 0.89 -0.056 (-0.228 - 0.116) 

MCP-4 
0m 0.29 0.80 0.263 (-0.225 - 0.752) 0.28 0.78 0.276 (-0.223 - 0.775) 

0 - ≤4m 0.09 0.65 -0.247 (-0.531 - 0.038) 0.15 0.71 -0.213 (-0.502 - 0.077) 
4 - ≤8m 0.24 0.78 0.147 (-0.098 - 0.391) 0.23 0.71 0.150 (-0.095 - 0.394) 

MMP-1 
0m 0.38 0.83 -0.219 (-0.712 - 0.273) 0.27 0.77 -0.282 (-0.785 - 0.221) 

0 - ≤4m 0.89 0.97 0.021 (-0.266 - 0.307) 0.99 1.00 0.001 (-0.290 - 0.293) 
4 - ≤8m 0.30 0.80 0.129 (-0.117 - 0.375) 0.35 0.79 0.116 (-0.130 - 0.363) 

MMP-10 
0m 0.87 0.97 0.041 (-0.453 - 0.535) 0.84 0.95 0.050 (-0.450 - 0.551) 

0 - ≤4m 0.45 0.88 0.112 (-0.176 - 0.399) 0.31 0.79 0.150 (-0.141 - 0.441) 
4 - ≤8m 0.82 0.95 0.028 (-0.219 - 0.275) 0.76 0.94 0.039 (-0.207 - 0.284) 

NT-3 0m 0.71 0.94 -0.092 (-0.587 - 0.402) 0.75 0.94 -0.081 (-0.585 - 0.422) 
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0 - ≤4m 0.67 0.94 -0.063 (-0.350 - 0.225) 0.61 0.90 -0.077 (-0.369 - 0.216) 
4 - ≤8m 0.94 0.98 0.009 (-0.238 - 0.256) 0.93 0.96 0.012 (-0.235 - 0.259) 

OPG 
0m 0.75 0.94 0.080 (-0.413 - 0.573) 0.89 0.96 0.034 (-0.471 - 0.540) 

0 - ≤4m 0.27 0.80 -0.161 (-0.448 - 0.126) 0.21 0.71 -0.186 (-0.479 - 0.107) 
4 - ≤8m 0.81 0.95 0.031 (-0.215 - 0.277) 0.93 0.96 0.011 (-0.236 - 0.259) 

OSM 
0m 0.71 0.94 0.092 (-0.402 - 0.586) 0.40 0.79 0.154 (-0.208 - 0.516) 

0 - ≤4m 0.86 0.97 -0.025 (-0.312 - 0.262) 0.45 0.84 0.080 (-0.130 - 0.290) 
4 - ≤8m 0.51 0.91 0.082 (-0.164 - 0.329) 1.00 1.00 0.000 (-0.177 - 0.177) 

PD-L1 
0m 0.42 0.85 0.204 (-0.289 - 0.697) 0.54 0.90 0.154 (-0.342 - 0.649) 

0 - ≤4m 0.31 0.80 -0.149 (-0.435 - 0.138) 0.37 0.79 -0.132 (-0.420 - 0.155) 
4 - ≤8m 0.74 0.94 -0.042 (-0.288 - 0.204) 0.53 0.89 -0.078 (-0.320 - 0.165) 

SCF 
0m 0.55 0.92 0.150 (-0.339 - 0.638) 0.40 0.79 0.211 (-0.285 - 0.706) 

0 - ≤4m 0.01 0.47 0.372 (0.088 - 0.656) 0.01 0.48 0.366 (0.079 - 0.654) 
4 - ≤8m 0.03 0.52 0.277 (0.033 - 0.522) 0.02 0.50 0.286 (0.043 - 0.529) 

SIRT2 
0m 0.77 0.94 -0.074 (-0.568 - 0.420) 0.50 0.87 -0.168 (-0.660 - 0.325) 

0 - ≤4m 0.67 0.94 -0.062 (-0.349 - 0.226) 0.59 0.90 -0.077 (-0.363 - 0.208) 
4 - ≤8m 0.83 0.96 0.026 (-0.221 - 0.273) 0.82 0.95 -0.028 (-0.27 - 0.213) 

SLAMF1 
0m 0.68 0.94 0.101 (-0.385 - 0.586) 0.92 0.96 -0.025 (-0.521 - 0.47) 

0 - ≤4m 0.02 0.52 -0.347 (-0.629 - -0.064) 0.01 0.42 -0.394 (-0.681 - -0.106) 
4 - ≤8m 0.00 0.37 -0.365 (-0.608 - -0.123) 0.00 0.17 -0.395 (-0.638 - -0.152) 

ST1A1 
0m 0.31 0.80 -0.256 (-0.747 - 0.235) 0.23 0.71 -0.288 (-0.762 - 0.185) 

0 - ≤4m 0.71 0.94 0.054 (-0.232 - 0.339) 0.62 0.91 0.070 (-0.205 - 0.344) 
4 - ≤8m 0.12 0.66 0.195 (-0.050 - 0.441) 0.22 0.71 0.145 (-0.087 - 0.377) 

STAMBP 
0m 0.78 0.94 0.072 (-0.422 - 0.566) 0.85 0.95 -0.048 (-0.550 - 0.453) 

0 - ≤4m 0.44 0.88 -0.112 (-0.399 - 0.175) 0.29 0.79 -0.158 (-0.449 - 0.133) 
4 - ≤8m 0.98 0.99 0.003 (-0.244 - 0.249) 0.80 0.95 -0.032 (-0.278 - 0.214) 

TGF-ɑ 
0m 0.53 0.92 0.156 (-0.337 - 0.649) 0.46 0.84 0.179 (-0.292 - 0.651) 

0 - ≤4m 0.28 0.80 -0.159 (-0.445 - 0.128) 0.57 0.90 -0.078 (-0.351 - 0.195) 
4 - ≤8m 0.71 0.94 -0.047 (-0.294 - 0.199) 0.42 0.80 -0.095 (-0.326 - 0.136) 

TNF 
0m 0.20 0.77 0.322 (-0.168 - 0.812) 0.11 0.62 0.412 (-0.088 - 0.913) 

0 - ≤4m 0.11 0.65 -0.229 (-0.513 - 0.056) 0.23 0.71 -0.177 (-0.468 - 0.113) 
4 - ≤8m 0.13 0.68 -0.189 (-0.433 - 0.056) 0.14 0.70 -0.182 (-0.428 - 0.063) 

TNFB 
0m 0.49 0.91 0.170 (-0.320 - 0.661) 0.78 0.95 0.071 (-0.427 - 0.570) 

0 - ≤4m 0.07 0.63 -0.264 (-0.549 - 0.021) 0.04 0.57 -0.308 (-0.597 - -0.019) 
4 - ≤8m 0.11 0.65 -0.200 (-0.445 - 0.044) 0.08 0.62 -0.218 (-0.463 - 0.026) 

TNFRSF9 
0m 0.02 0.52 0.573 (0.082 - 1.063) 0.04 0.57 0.516 (0.023 - 1.010) 

0 - ≤4m 0.92 0.97 -0.015 (-0.300 - 0.270) 0.91 0.96 -0.016 (-0.302 - 0.270) 
4 - ≤8m 0.95 0.98 -0.008 (-0.253 - 0.237) 0.78 0.95 -0.035 (-0.277 - 0.207) 

TNFSF14 
0m 0.34 0.80 0.237 (-0.255 - 0.730) 0.21 0.71 0.255 (-0.141 - 0.651) 

0 - ≤4m 0.92 0.97 -0.014 (-0.301 - 0.272) 0.61 0.90 0.060 (-0.170 - 0.290) 
4 - ≤8m 0.17 0.76 0.172 (-0.074 - 0.418) 0.37 0.79 0.089 (-0.106 - 0.283) 

TRAIL 
0m 0.15 0.74 0.357 (-0.133 - 0.848) 0.20 0.71 0.323 (-0.176 - 0.822) 

0 - ≤4m 0.19 0.77 -0.189 (-0.474 - 0.096) 0.20 0.71 -0.187 (-0.477 - 0.102) 
4 - ≤8m 0.42 0.85 -0.101 (-0.347 - 0.144) 0.40 0.79 -0.104 (-0.349 - 0.140) 

TRANCE 
0m 0.57 0.92 0.140 (-0.351 - 0.632) 0.50 0.87 0.174 (-0.332 - 0.680) 

0 - ≤4m 0.22 0.77 -0.177 (-0.463 - 0.109) 0.31 0.79 -0.151 (-0.444 - 0.143) 
4 - ≤8m 0.11 0.65 -0.201 (-0.446 - 0.045) 0.11 0.62 -0.201 (-0.449 - 0.047) 

TWEAK 
0m 0.17 0.76 0.339 (-0.151 - 0.829) 0.26 0.76 0.286 (-0.216 - 0.788) 

0 - ≤4m 0.41 0.85 -0.120 (-0.405 - 0.165) 0.34 0.79 -0.141 (-0.432 - 0.150) 
4 - ≤8m 0.15 0.74 0.181 (-0.064 - 0.425) 0.21 0.71 0.157 (-0.089 - 0.403) 

uPA 
0m 0.38 0.83 0.222 (-0.271 - 0.715) 0.71 0.93 0.090 (-0.384 - 0.564) 

0 - ≤4m 0.35 0.80 -0.137 (-0.424 - 0.149) 0.16 0.71 -0.198 (-0.473 - 0.078) 
4 - ≤8m 0.90 0.97 -0.016 (-0.262 - 0.230) 0.50 0.87 -0.079 (-0.312 - 0.153) 

VEGFA 
0m 0.92 0.97 0.026 (-0.466 - 0.519) 0.84 0.95 0.051 (-0.442 - 0.544) 

0 - ≤4m 0.13 0.66 -0.224 (-0.510 - 0.062) 0.21 0.71 -0.182 (-0.468 - 0.105) 
4 - ≤8m 0.79 0.94 -0.033 (-0.279 - 0.213) 0.69 0.93 -0.050 (-0.291 - 0.192) 

**46 infants had an NA value for FGF-5. 
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Supplementary Table 10. Linear regression associations of infant serum biomarker levels 
with categorical HMF duration (infants grouped in two-month intervals) among one-year-
old CHILD cohort infants (not currently HMF subset, n=347). Univariable and multivariable 
(adjusting for time until blood sample centrifugation, sex, and study site) linear regression 
models that use categorical exclusive HMF duration (infants grouped in two-month intervals) to 
predict biomarker levels (standardized NPX). The exclusive HMF >4 months group was used as 
reference.  

Olink 
Biomarkers 

Variable 
Groups Univariable Multivariable 

  P-value FDR 
P-value 

β-Coefficient 
(95% CI) P-value FDR 

P-value 
β-Coefficient 

(95% CI) 

4E-BP1 
0m 0.23 0.85 0.180 (-0.112 - 0.472) 0.35 0.88 0.142 (-0.155 - 0.44) 

0 - ≤2m 0.94 0.98 -0.011 (-0.281 - 0.260) 0.89 1.00 -0.018 (-0.287 - 0.250) 
2 - ≤4m 0.97 0.98 -0.007 (-0.335 - 0.320) 0.98 1.00 -0.005 (-0.328 - 0.319) 

ADA 
0m 0.07 0.85 0.273 (-0.017 - 0.562) 0.11 0.81 0.233 (-0.051 - 0.517) 

0 - ≤2m 0.50 0.96 0.092 (-0.177 - 0.361) 0.40 0.90 0.110 (-0.146 - 0.366) 
2 - ≤4m 0.36 0.92 0.152 (-0.173 - 0.477) 0.37 0.89 0.142 (-0.167 - 0.451) 

AXIN1 
0m 0.83 0.97 0.032 (-0.260 - 0.324) 0.87 1.00 -0.023 (-0.302 - 0.256) 

0 - ≤2m 0.44 0.95 -0.106 (-0.377 - 0.165) 0.66 0.95 -0.056 (-0.308 - 0.195) 
2 - ≤4m 0.07 0.85 0.299 (-0.029 - 0.627) 0.07 0.81 0.278 (-0.025 - 0.581) 

CASP-8 
0m 0.17 0.85 0.205 (-0.088 - 0.498) 0.18 0.81 0.135 (-0.062 - 0.332) 

0 - ≤2m 0.95 0.98 -0.008 (-0.280 - 0.263) 0.96 1.00 -0.005 (-0.183 - 0.173) 
2 - ≤4m 0.13 0.85 0.252 (-0.076 - 0.581) 0.03 0.81 0.233 (0.019 - 0.448) 

CCL11 
0m 0.80 0.97 -0.038 (-0.331 - 0.254) 0.94 1.00 -0.012 (-0.309 - 0.285) 

0 - ≤2m 0.28 0.90 -0.148 (-0.420 - 0.123) 0.43 0.90 -0.107 (-0.375 - 0.161) 
2 - ≤4m 0.12 0.85 0.259 (-0.070 - 0.587) 0.10 0.81 0.267 (-0.055 - 0.590) 

CCL19 
0m 0.83 0.97 -0.032 (-0.326 - 0.261) 0.83 1.00 0.031 (-0.256 - 0.318) 

0 - ≤2m 0.73 0.96 -0.048 (-0.320 - 0.224) 0.83 1.00 -0.028 (-0.287 - 0.231) 
2 - ≤4m 0.85 0.97 -0.032 (-0.361 - 0.297) 0.98 1.00 -0.005 (-0.316 - 0.307) 

CCL20 
0m 0.88 0.98 -0.022 (-0.317 - 0.273) 0.66 0.95 0.068 (-0.232 - 0.369) 

0 - ≤2m 0.95 0.98 0.009 (-0.265 - 0.282) 0.71 0.98 0.051 (-0.220 - 0.322) 
2 - ≤4m 0.39 0.95 0.146 (-0.185 - 0.476) 0.31 0.86 0.167 (-0.159 - 0.493) 

CCL23 
0m 0.36 0.92 -0.136 (-0.431 - 0.158) 0.34 0.87 -0.145 (-0.445 - 0.154) 

0 - ≤2m 0.84 0.97 -0.029 (-0.302 - 0.244) 1.00 1.00 0.001 (-0.269 - 0.271) 
2 - ≤4m 0.55 0.96 0.101 (-0.229 - 0.431) 0.54 0.90 0.103 (-0.223 - 0.428) 

CCL25 
0m 0.04 0.85 0.304 (0.012 - 0.596) 0.07 0.81 0.274 (-0.026 - 0.574) 

0 - ≤2m 0.22 0.85 0.170 (-0.101 - 0.441) 0.17 0.81 0.191 (-0.080 - 0.461) 
2 - ≤4m 0.44 0.95 0.129 (-0.199 - 0.456) 0.41 0.90 0.138 (-0.188 - 0.464) 

CCL28 
0m 0.78 0.97 -0.041 (-0.335 - 0.253) 0.92 1.00 0.014 (-0.282 - 0.311) 

0 - ≤2m 0.64 0.96 0.064 (-0.209 - 0.337) 0.54 0.90 0.084 (-0.184 - 0.351) 
2 - ≤4m 0.35 0.92 0.157 (-0.173 - 0.487) 0.27 0.81 0.182 (-0.141 - 0.504) 

CCL3 
0m 0.84 0.97 -0.030 (-0.325 - 0.265) 0.85 1.00 -0.027 (-0.297 - 0.243) 

0 - ≤2m 0.83 0.97 -0.029 (-0.303 - 0.244) 0.64 0.95 -0.057 (-0.301 - 0.186) 
2 - ≤4m 0.33 0.92 0.164 (-0.167 - 0.495) 0.20 0.81 0.191 (-0.103 - 0.484) 

CCL4 
0m 0.76 0.97 0.047 (-0.248 - 0.342) 0.80 1.00 0.035 (-0.245 - 0.315) 

0 - ≤2m 0.76 0.97 0.043 (-0.231 - 0.317) 0.93 1.00 0.012 (-0.240 - 0.264) 
2 - ≤4m 0.17 0.85 0.229 (-0.102 - 0.560) 0.11 0.81 0.247 (-0.057 - 0.551) 

CD244 
0m 0.68 0.96 -0.061 (-0.355 - 0.233) 0.45 0.90 -0.103 (-0.369 - 0.164) 

0 - ≤2m 0.57 0.96 -0.079 (-0.352 - 0.194) 0.58 0.93 -0.067 (-0.308 - 0.174) 
2 - ≤4m 0.26 0.85 0.190 (-0.140 - 0.520) 0.18 0.81 0.198 (-0.092 - 0.487) 

CD40 
0m 0.52 0.96 0.095 (-0.197 - 0.388) 0.81 1.00 0.026 (-0.191 - 0.242) 

0 - ≤2m 0.57 0.96 0.079 (-0.192 - 0.350) 0.38 0.90 0.086 (-0.109 - 0.281) 
2 - ≤4m 0.15 0.85 0.241 (-0.087 - 0.569) 0.05 0.81 0.230 (-0.005 - 0.465) 

CD5 
0m 0.18 0.85 0.199 (-0.094 - 0.492) 0.25 0.81 0.170 (-0.120 - 0.460) 

0 - ≤2m 0.67 0.96 -0.058 (-0.330 - 0.214) 0.75 0.98 -0.043 (-0.304 - 0.218) 
2 - ≤4m 0.49 0.96 -0.117 (-0.445 - 0.212) 0.52 0.90 -0.104 (-0.418 - 0.211) 

CD6 
0m 0.34 0.92 -0.140 (-0.432 - 0.151) 0.17 0.81 -0.201 (-0.489 - 0.086) 

0 - ≤2m 0.13 0.85 -0.206 (-0.477 - 0.064) 0.10 0.81 -0.215 (-0.474 - 0.044) 
2 - ≤4m 0.29 0.91 -0.175 (-0.502 - 0.152) 0.27 0.81 -0.174 (-0.486 - 0.137) 
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CD8A 
0m 0.08 0.85 -0.266 (-0.559 - 0.028) 0.13 0.81 -0.231 (-0.530 - 0.067) 

0 - ≤2m 0.19 0.85 -0.180 (-0.452 - 0.092) 0.24 0.81 -0.163 (-0.432 - 0.107) 
2 - ≤4m 0.33 0.92 -0.164 (-0.493 - 0.165) 0.41 0.90 -0.136 (-0.460 - 0.188) 

CDCP1 
0m 0.61 0.96 0.076 (-0.217 - 0.368) 0.74 0.98 0.051 (-0.251 - 0.353) 

0 - ≤2m 0.11 0.85 -0.223 (-0.495 - 0.048) 0.14 0.81 -0.208 (-0.481 - 0.065) 
2 - ≤4m 0.13 0.85 -0.255 (-0.583 - 0.073) 0.10 0.81 -0.272 (-0.601 - 0.057) 

CSF-1 
0m 0.46 0.96 0.111 (-0.183 - 0.404) 0.54 0.90 0.092 (-0.199 - 0.383) 

0 - ≤2m 0.35 0.92 -0.130 (-0.402 - 0.142) 0.32 0.86 -0.133 (-0.396 - 0.130) 
2 - ≤4m 0.43 0.95 -0.131 (-0.460 - 0.198) 0.41 0.90 -0.132 (-0.448 - 0.185) 

CST5 
0m 0.91 0.98 -0.017 (-0.312 - 0.278) 0.46 0.90 -0.112 (-0.413 - 0.188) 

0 - ≤2m 0.57 0.96 0.080 (-0.194 - 0.354) 0.66 0.95 0.061 (-0.211 - 0.332) 
2 - ≤4m 0.98 0.99 0.004 (-0.327 - 0.335) 0.94 1.00 -0.013 (-0.340 - 0.313) 

CX3CL1 
0m 0.24 0.85 0.177 (-0.117 - 0.471) 0.28 0.81 0.162 (-0.134 - 0.459) 

0 - ≤2m 0.41 0.95 0.114 (-0.159 - 0.386) 0.42 0.90 0.110 (-0.158 - 0.378) 
2 - ≤4m 0.54 0.96 -0.102 (-0.432 - 0.227) 0.51 0.90 -0.109 (-0.432 - 0.213) 

CXCL1 
0m 0.72 0.96 -0.054 (-0.349 - 0.241) 0.92 1.00 -0.015 (-0.309 - 0.280) 

0 - ≤2m 0.61 0.96 -0.071 (-0.345 - 0.203) 0.85 1.00 -0.025 (-0.291 - 0.241) 
2 - ≤4m 0.48 0.96 0.118 (-0.213 - 0.449) 0.43 0.90 0.129 (-0.191 - 0.449) 

CXCL10 
0m 0.47 0.96 0.107 (-0.186 - 0.401) 0.34 0.87 0.148 (-0.157 - 0.453) 

0 - ≤2m 0.48 0.96 -0.097 (-0.370 - 0.175) 0.60 0.93 -0.074 (-0.349 - 0.201) 
2 - ≤4m 0.51 0.96 -0.111 (-0.440 - 0.218) 0.49 0.90 -0.118 (-0.449 - 0.214) 

CXCL11 
0m 0.43 0.95 0.118 (-0.178 - 0.413) 0.28 0.81 0.161 (-0.133 - 0.455) 

0 - ≤2m 0.96 0.98 0.006 (-0.267 - 0.280) 0.71 0.98 0.049 (-0.216 - 0.315) 
2 - ≤4m 0.96 0.98 -0.008 (-0.339 - 0.323) 0.93 1.00 -0.015 (-0.334 - 0.305) 

CXCL5 
0m 0.79 0.97 -0.039 (-0.333 - 0.255) 0.94 1.00 -0.011 (-0.303 - 0.282) 

0 - ≤2m 0.93 0.98 -0.013 (-0.285 - 0.259) 0.73 0.98 0.046 (-0.218 - 0.310) 
2 - ≤4m 0.17 0.85 0.230 (-0.099 - 0.560) 0.23 0.81 0.194 (-0.124 - 0.512) 

CXCL6 
0m 0.16 0.85 -0.210 (-0.503 - 0.083) 0.20 0.81 -0.196 (-0.494 - 0.103) 

0 - ≤2m 0.21 0.85 -0.174 (-0.446 - 0.098) 0.29 0.81 -0.146 (-0.416 - 0.123) 
2 - ≤4m 0.63 0.96 0.081 (-0.248 - 0.410) 0.61 0.94 0.084 (-0.241 - 0.408) 

CXCL9 
0m 0.79 0.97 -0.039 (-0.335 - 0.256) 1.00 1.00 0.001 (-0.303 - 0.304) 

0 - ≤2m 0.70 0.96 0.054 (-0.220 - 0.328) 0.46 0.90 0.104 (-0.170 - 0.377) 
2 - ≤4m 0.99 0.99 0.002 (-0.329 - 0.334) 0.96 1.00 0.008 (-0.321 - 0.337) 

DNER 
0m 0.87 0.98 0.025 (-0.269 - 0.319) 0.89 1.00 0.021 (-0.281 - 0.322) 

0 - ≤2m 0.71 0.96 0.052 (-0.220 - 0.325) 0.76 0.98 0.042 (-0.229 - 0.314) 
2 - ≤4m 0.25 0.85 0.192 (-0.138 - 0.521) 0.19 0.81 0.216 (-0.111 - 0.543) 

EN-RAGE 
0m 0.43 0.95 0.117 (-0.177 - 0.411) 0.45 0.90 0.092 (-0.148 - 0.332) 

0 - ≤2m 0.61 0.96 -0.07 (-0.342 - 0.203) 0.92 1.00 -0.011 (-0.228 - 0.206) 
2 - ≤4m 0.13 0.85 0.253 (-0.077 - 0.582) 0.10 0.81 0.216 (-0.045 - 0.476) 

FGF-19 
0m 0.06 0.85 0.269 (-0.015 - 0.552) 0.05 0.81 0.290 (-0.005 - 0.584) 

0 - ≤2m 0.37 0.93 0.119 (-0.144 - 0.382) 0.42 0.90 0.108 (-0.158 - 0.374) 
2 - ≤4m 0.26 0.85 0.183 (-0.135 - 0.501) 0.25 0.81 0.188 (-0.132 - 0.508) 

FGF-21 
0m 0.63 0.96 -0.072 (-0.364 - 0.220) 0.55 0.90 -0.091 (-0.392 - 0.210) 

0 - ≤2m 0.95 0.98 -0.009 (-0.280 - 0.262) 0.92 1.00 -0.014 (-0.285 - 0.258) 
2 - ≤4m 0.12 0.85 -0.261 (-0.589 - 0.066) 0.10 0.81 -0.270 (-0.597 - 0.057) 

FGF-23 
0m 0.87 0.98 0.024 (-0.269 - 0.317) 0.94 1.00 -0.012 (-0.312 - 0.289) 

0 - ≤2m 0.56 0.96 -0.081 (-0.353 - 0.191) 0.59 0.93 -0.075 (-0.346 - 0.196) 
2 - ≤4m 0.14 0.85 -0.249 (-0.578 - 0.079) 0.09 0.81 -0.279 (-0.605 - 0.048) 

FGF-5** 
0m 0.20 0.85 -0.204 (-0.514 - 0.106) 0.21 0.81 -0.203 (-0.522 - 0.116) 

0 - ≤2m 0.82 0.97 -0.032 (-0.317 - 0.252) 0.86 1.00 -0.026 (-0.311 - 0.259) 
2 - ≤4m 0.27 0.87 -0.194 (-0.537 - 0.149) 0.30 0.82 -0.183 (-0.526 - 0.160) 

Flt3L 
0m 0.39 0.95 -0.129 (-0.424 - 0.166) 0.25 0.81 -0.178 (-0.482 - 0.125) 

0 - ≤2m 0.20 0.85 -0.179 (-0.452 - 0.094) 0.14 0.81 -0.208 (-0.482 - 0.065) 
2 - ≤4m 0.25 0.85 -0.193 (-0.524 - 0.137) 0.20 0.81 -0.217 (-0.546 - 0.112) 

HGF 
0m 0.36 0.92 0.137 (-0.156 - 0.431) 0.38 0.90 0.122 (-0.152 - 0.396) 

0 - ≤2m 0.59 0.96 0.075 (-0.197 - 0.347) 0.43 0.90 0.100 (-0.147 - 0.347) 
2 - ≤4m 0.03 0.85 0.370 (0.040 - 0.699) 0.02 0.81 0.358 (0.060 - 0.656) 

IFN-γ 
0m 0.59 0.96 0.081 (-0.215 - 0.376) 0.35 0.89 0.145 (-0.162 - 0.451) 

0 - ≤2m 0.88 0.98 0.021 (-0.253 - 0.295) 0.77 0.99 0.041 (-0.235 - 0.318) 
2 - ≤4m 0.63 0.96 -0.081 (-0.412 - 0.250) 0.66 0.95 -0.075 (-0.408 - 0.258) 

IL-10RA 0m 0.20 0.85 0.184 (-0.100 - 0.468) 0.24 0.81 0.177 (-0.119 - 0.473) 
0 - ≤2m 0.72 0.96 -0.048 (-0.312 - 0.215) 0.75 0.98 -0.044 (-0.311 - 0.223) 
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2 - ≤4m 0.64 0.96 0.075 (-0.243 - 0.394) 0.64 0.95 0.076 (-0.246 - 0.398) 

IL-10RB 
0m 0.96 0.98 -0.008 (-0.303 - 0.287) 0.78 1.00 -0.042 (-0.345 - 0.261) 

0 - ≤2m 0.23 0.85 0.166 (-0.107 - 0.439) 0.26 0.81 0.155 (-0.118 - 0.429) 
2 - ≤4m 0.58 0.96 0.093 (-0.237 - 0.423) 0.48 0.90 0.119 (-0.211 - 0.448) 

IL-12B 
0m 0.84 0.97 -0.030 (-0.325 - 0.266) 0.94 1.00 0.011 (-0.293 - 0.316) 

0 - ≤2m 0.58 0.96 -0.076 (-0.350 - 0.197) 0.75 0.98 -0.045 (-0.320 - 0.230) 
2 - ≤4m 0.55 0.96 0.100 (-0.231 - 0.431) 0.56 0.92 0.097 (-0.234 - 0.428) 

IL-15RA 
0m 0.78 0.97 -0.042 (-0.336 - 0.253) 0.85 1.00 -0.029 (-0.335 - 0.278) 

0 - ≤2m 0.25 0.85 -0.160 (-0.433 - 0.113) 0.33 0.86 -0.138 (-0.414 - 0.138) 
2 - ≤4m 0.19 0.85 -0.222 (-0.553 - 0.108) 0.21 0.81 -0.212 (-0.544 - 0.121) 

IL-17A 
0m 0.14 0.85 0.218 (-0.071 - 0.506) 0.11 0.81 0.248 (-0.052 - 0.547) 

0 - ≤2m 0.63 0.96 -0.065 (-0.332 - 0.203) 0.73 0.98 -0.047 (-0.318 - 0.224) 
2 - ≤4m 0.07 0.85 0.303 (-0.021 - 0.626) 0.06 0.81 0.310 (-0.015 - 0.636) 

IL-17C 
0m 0.18 0.85 0.201 (-0.092 - 0.494) 0.16 0.81 0.221 (-0.084 - 0.525) 

0 - ≤2m 0.81 0.97 -0.033 (-0.305 - 0.239) 0.95 1.00 -0.009 (-0.284 - 0.267) 
2 - ≤4m 0.77 0.97 -0.050 (-0.379 - 0.279) 0.74 0.98 -0.057 (-0.388 - 0.274) 

IL-18 
0m 0.43 0.95 0.117 (-0.174 - 0.409) 0.42 0.90 0.122 (-0.173 - 0.417) 

0 - ≤2m 0.14 0.85 -0.204 (-0.474 - 0.066) 0.23 0.81 -0.164 (-0.430 - 0.102) 
2 - ≤4m 0.90 0.98 0.022 (-0.305 - 0.348) 0.90 1.00 0.020 (-0.300 - 0.340) 

IL-18R1 
0m 0.68 0.96 0.062 (-0.233 - 0.357) 0.73 0.98 0.053 (-0.247 - 0.353) 

0 - ≤2m 0.81 0.97 -0.033 (-0.307 - 0.240) 0.87 1.00 -0.022 (-0.292 - 0.248) 
2 - ≤4m 0.65 0.96 0.077 (-0.254 - 0.407) 0.73 0.98 0.057 (-0.269 - 0.382) 

IL-4 
0m 0.65 0.96 -0.068 (-0.363 - 0.226) 0.54 0.90 -0.094 (-0.400 - 0.211) 

0 - ≤2m 0.93 0.98 0.012 (-0.261 - 0.285) 1.00 1.00 0.000 (-0.275 - 0.276) 
2 - ≤4m 0.22 0.85 -0.205 (-0.535 - 0.126) 0.27 0.81 -0.186 (-0.518 - 0.146) 

IL-6 
0m 0.84 0.97 -0.030 (-0.325 - 0.265) 0.87 1.00 -0.022 (-0.295 - 0.251) 

0 - ≤2m 0.58 0.96 -0.076 (-0.350 - 0.197) 0.53 0.90 -0.079 (-0.326 - 0.167) 
2 - ≤4m 0.61 0.96 0.087 (-0.244 - 0.417) 0.49 0.90 0.104 (-0.192 - 0.400) 

IL-7 
0m 0.00 0.47 -0.457 (-0.747 - -0.167) 0.00 0.51 -0.460 (-0.754 - -0.167) 

0 - ≤2m 0.02 0.85 -0.329 (-0.598 - -0.061) 0.02 0.81 -0.321 (-0.586 - -0.057) 
2 - ≤4m 0.75 0.97 -0.053 (-0.378 - 0.272) 0.76 0.98 -0.050 (-0.369 - 0.268) 

IL-8 
0m 0.70 0.96 -0.059 (-0.353 - 0.236) 0.59 0.93 -0.055 (-0.256 - 0.145) 

0 - ≤2m 0.53 0.96 -0.087 (-0.359 - 0.186) 0.33 0.86 -0.090 (-0.271 - 0.090) 
2 - ≤4m 0.49 0.96 0.116 (-0.213 - 0.446) 0.23 0.81 0.134 (-0.084 - 0.352) 

IL-10 
0m 0.81 0.97 0.036 (-0.259 - 0.331) 0.49 0.90 0.107 (-0.196 - 0.411) 

0 - ≤2m 0.54 0.96 -0.085 (-0.359 - 0.189) 0.82 1.00 -0.032 (-0.306 - 0.242) 
2 - ≤4m 0.68 0.96 -0.070 (-0.401 - 0.261) 0.73 0.98 -0.058 (-0.388 - 0.272) 

LAP TGF-β-1 
0m 0.36 0.92 -0.135 (-0.429 - 0.158) 0.24 0.81 -0.173 (-0.466 - 0.119) 

0 - ≤2m 0.92 0.98 -0.013 (-0.285 - 0.259) 0.85 1.00 -0.025 (-0.288 - 0.239) 
2 - ≤4m 0.13 0.85 0.257 (-0.072 - 0.586) 0.09 0.81 0.275 (-0.043 - 0.592) 

LIF-R 
0m 0.12 0.85 -0.230 (-0.523 - 0.063) 0.13 0.81 -0.233 (-0.537 - 0.072) 

0 - ≤2m 0.17 0.85 -0.188 (-0.459 - 0.083) 0.19 0.81 -0.183 (-0.457 - 0.092) 
2 - ≤4m 0.73 0.96 0.058 (-0.270 - 0.387) 0.78 1.00 0.047 (-0.284 - 0.378) 

MCP-1 
0m 0.71 0.96 0.055 (-0.239 - 0.349) 0.69 0.98 0.056 (-0.222 - 0.335) 

0 - ≤2m 0.48 0.96 -0.098 (-0.370 - 0.175) 0.51 0.90 -0.084 (-0.335 - 0.167) 
2 - ≤4m 0.97 0.98 -0.007 (-0.336 - 0.322) 0.93 1.00 -0.013 (-0.316 - 0.289) 

MCP-2 
0m 0.85 0.97 0.028 (-0.266 - 0.322) 0.81 1.00 0.038 (-0.268 - 0.344) 

0 - ≤2m 0.66 0.96 -0.060 (-0.333 - 0.213) 0.76 0.98 -0.044 (-0.32 - 0.232) 
2 - ≤4m 0.12 0.85 -0.262 (-0.592 - 0.068) 0.11 0.81 -0.269 (-0.602 - 0.063) 

MCP-3 
0m 0.28 0.90 -0.160 (-0.453 - 0.133) 0.18 0.81 -0.142 (-0.349 - 0.065) 

0 - ≤2m 0.40 0.95 -0.117 (-0.388 - 0.154) 0.23 0.81 -0.115 (-0.302 - 0.072) 
2 - ≤4m 0.97 0.98 -0.007 (-0.335 - 0.322) 0.91 1.00 0.013 (-0.212 - 0.238) 

MCP-4 
0m 0.67 0.96 0.065 (-0.230 - 0.359) 0.47 0.90 0.111 (-0.192 - 0.414) 

0 - ≤2m 0.42 0.95 0.113 (-0.160 - 0.385) 0.28 0.81 0.150 (-0.124 - 0.423) 
2 - ≤4m 0.15 0.85 0.240 (-0.090 - 0.570) 0.18 0.81 0.224 (-0.105 - 0.554) 

MMP-1 
0m 0.89 0.98 0.020 (-0.274 - 0.315) 0.92 1.00 -0.016 (-0.319 - 0.288) 

0 - ≤2m 0.16 0.85 0.196 (-0.077 - 0.469) 0.15 0.81 0.201 (-0.073 - 0.476) 
2 - ≤4m 0.19 0.85 0.222 (-0.108 - 0.553) 0.23 0.81 0.201 (-0.129 - 0.531) 

MMP-10 
0m 0.68 0.96 0.061 (-0.231 - 0.354) 0.43 0.90 0.120 (-0.180 - 0.421) 

0 - ≤2m 0.48 0.96 0.097 (-0.174 - 0.369) 0.29 0.81 0.147 (-0.124 - 0.418) 
2 - ≤4m 0.13 0.85 0.254 (-0.074 - 0.583) 0.14 0.81 0.247 (-0.079 - 0.574) 

NT-3 0m 0.19 0.85 -0.197 (-0.491 - 0.096) 0.16 0.81 -0.215 (-0.517 - 0.087) 
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0 - ≤2m 0.97 0.98 0.005 (-0.267 - 0.277) 0.98 1.00 -0.003 (-0.275 - 0.270) 
2 - ≤4m 0.20 0.85 -0.214 (-0.543 - 0.115) 0.28 0.81 -0.179 (-0.507 - 0.149) 

OPG 
0m 0.23 0.85 -0.181 (-0.476 - 0.115) 0.12 0.81 -0.240 (-0.546 - 0.065) 

0 - ≤2m 0.36 0.92 -0.127 (-0.401 - 0.147) 0.28 0.81 -0.153 (-0.429 - 0.123) 
2 - ≤4m 0.50 0.96 -0.114 (-0.445 - 0.217) 0.42 0.90 -0.137 (-0.469 - 0.195) 

OSM 
0m 0.60 0.96 0.079 (-0.215 - 0.374) 0.52 0.90 0.071 (-0.144 - 0.287) 

0 - ≤2m 0.82 0.97 -0.032 (-0.304 - 0.241) 0.92 1.00 -0.010 (-0.204 - 0.185) 
2 - ≤4m 0.20 0.85 0.216 (-0.114 - 0.546) 0.07 0.81 0.214 (-0.020 - 0.449) 

PD-L1 
0m 0.51 0.96 0.100 (-0.195 - 0.395) 0.47 0.90 0.111 (-0.188 - 0.411) 

0 - ≤2m 0.44 0.95 -0.107 (-0.381 - 0.167) 0.64 0.95 -0.065 (-0.335 - 0.206) 
2 - ≤4m 0.78 0.97 -0.047 (-0.378 - 0.284) 0.80 1.00 -0.042 (-0.368 - 0.283) 

SCF 
0m 0.08 0.85 0.262 (-0.029 - 0.554) 0.12 0.81 0.239 (-0.061 - 0.539) 

0 - ≤2m 0.01 0.85 0.340 (0.069 - 0.610) 0.03 0.81 0.301 (0.030 - 0.572) 
2 - ≤4m 0.63 0.96 0.080 (-0.247 - 0.407) 0.54 0.90 0.101 (-0.225 - 0.427) 

SIRT2 
0m 0.25 0.85 0.172 (-0.121 - 0.465) 0.41 0.90 0.124 (-0.172 - 0.42) 

0 - ≤2m 0.81 0.97 -0.034 (-0.306 - 0.238) 0.82 1.00 -0.032 (-0.298 - 0.235) 
2 - ≤4m 0.43 0.95 0.133 (-0.196 - 0.462) 0.49 0.90 0.113 (-0.208 - 0.434) 

SLAMF1 
0m 0.15 0.85 -0.216 (-0.507 - 0.076) 0.06 0.81 -0.292 (-0.592 - 0.009) 

0 - ≤2m 0.10 0.85 -0.228 (-0.499 - 0.042) 0.09 0.81 -0.237 (-0.508 - 0.034) 
2 - ≤4m 0.78 0.97 -0.047 (-0.373 - 0.28) 0.60 0.93 -0.087 (-0.413 - 0.240) 

ST1A1 
0m 0.73 0.96 -0.051 (-0.344 - 0.242) 0.54 0.90 -0.088 (-0.373 - 0.197) 

0 - ≤2m 0.13 0.85 0.209 (-0.062 - 0.481) 0.14 0.81 0.193 (-0.064 - 0.451) 
2 - ≤4m 0.14 0.85 0.249 (-0.079 - 0.578) 0.19 0.81 0.207 (-0.103 - 0.516) 

STAMBP 
0m 0.23 0.85 0.177 (-0.115 - 0.47) 0.36 0.89 0.141 (-0.160 - 0.442) 

0 - ≤2m 0.98 0.99 -0.003 (-0.275 - 0.268) 0.96 1.00 0.007 (-0.265 - 0.278) 
2 - ≤4m 0.36 0.92 0.154 (-0.174 - 0.482) 0.37 0.89 0.150 (-0.177 - 0.477) 

TGF-ɑ 
0m 0.81 0.97 -0.037 (-0.330 - 0.257) 0.97 1.00 0.005 (-0.279 - 0.289) 

0 - ≤2m 0.70 0.96 0.054 (-0.219 - 0.326) 0.45 0.90 0.098 (-0.158 - 0.354) 
2 - ≤4m 0.05 0.85 0.323 (-0.006 - 0.652) 0.05 0.81 0.303 (-0.006 - 0.611) 

TNF 
0m 0.87 0.98 -0.024 (-0.319 - 0.271) 0.90 1.00 0.020 (-0.284 - 0.325) 

0 - ≤2m 0.93 0.98 -0.013 (-0.287 - 0.260) 0.99 1.00 -0.002 (-0.277 - 0.273) 
2 - ≤4m 0.35 0.92 0.158 (-0.172 - 0.489) 0.28 0.81 0.183 (-0.148 - 0.514) 

TNFB 
0m 0.73 0.96 -0.051 (-0.346 - 0.243) 0.60 0.93 -0.081 (-0.384 - 0.222) 

0 - ≤2m 0.12 0.85 -0.216 (-0.488 - 0.057) 0.13 0.81 -0.212 (-0.486 - 0.061) 
2 - ≤4m 0.95 0.98 -0.010 (-0.340 - 0.320) 0.93 1.00 -0.016 (-0.344 - 0.313) 

TNFRSF9 
0m 0.23 0.85 0.178 (-0.116 - 0.473) 0.25 0.81 0.176 (-0.123 - 0.475) 

0 - ≤2m 0.35 0.92 0.131 (-0.142 - 0.404) 0.22 0.81 0.170 (-0.100 - 0.440) 
2 - ≤4m 0.18 0.85 0.224 (-0.106 - 0.554) 0.14 0.81 0.244 (-0.081 - 0.569) 

TNFSF14 
0m 0.50 0.96 0.100 (-0.194 - 0.394) 0.61 0.94 0.062 (-0.176 - 0.300) 

0 - ≤2m 0.45 0.95 0.106 (-0.167 - 0.378) 0.33 0.86 0.107 (-0.107 - 0.322) 
2 - ≤4m 0.07 0.85 0.307 (-0.023 - 0.637) 0.04 0.81 0.272 (0.014 - 0.530) 

TRAIL 
0m 0.26 0.85 0.170 (-0.124 - 0.463) 0.15 0.81 0.218 (-0.082 - 0.518) 

0 - ≤2m 0.68 0.96 0.057 (-0.215 - 0.329) 0.49 0.90 0.094 (-0.177 - 0.366) 
2 - ≤4m 0.54 0.96 -0.104 (-0.433 - 0.225) 0.52 0.90 -0.107 (-0.434 - 0.219) 

TRANCE 
0m 0.34 0.92 0.144 (-0.151 - 0.439) 0.25 0.81 0.181 (-0.126 - 0.488) 

0 - ≤2m 0.56 0.96 0.081 (-0.192 - 0.355) 0.48 0.90 0.099 (-0.178 - 0.376) 
2 - ≤4m 0.70 0.96 0.066 (-0.265 - 0.396) 0.64 0.95 0.079 (-0.254 - 0.412) 

TWEAK 
0m 0.43 0.95 0.117 (-0.173 - 0.408) 0.63 0.95 0.074 (-0.226 - 0.375) 

0 - ≤2m 0.73 0.96 -0.047 (-0.317 - 0.222) 0.71 0.98 -0.052 (-0.323 - 0.219) 
2 - ≤4m 0.01 0.85 0.440 (0.114 - 0.766) 0.01 0.81 0.443 (0.116 - 0.769) 

uPA 
0m 0.41 0.95 0.124 (-0.171 - 0.419) 0.93 1.00 -0.012 (-0.299 - 0.274) 

0 - ≤2m 0.35 0.92 0.130 (-0.143 - 0.403) 0.57 0.92 0.076 (-0.183 - 0.334) 
2 - ≤4m 0.34 0.92 0.159 (-0.171 - 0.490) 0.51 0.90 0.104 (-0.208 - 0.416) 

VEGFA 
0m 0.34 0.92 -0.142 (-0.436 - 0.152) 0.41 0.90 -0.125 (-0.421 - 0.172) 

0 - ≤2m 0.87 0.98 0.023 (-0.249 - 0.296) 0.67 0.97 0.057 (-0.210 - 0.325) 
2 - ≤4m 0.61 0.96 0.084 (-0.245 - 0.414) 0.54 0.90 0.099 (-0.223 - 0.422) 

**46 infants had an NA value for FGF-5. 
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Supplementary Table 11. Linear regression associations of infant serum biomarker levels 
with categorical exclusive HMF duration (infants grouped in three-month intervals) among 
one-year-old CHILD cohort infants (not currently HMF subset, n=347). Results from 
univariable and multivariable (adjusting for time until blood sample centrifugation, sex, and 
study site) linear regression models that use categorical exclusive HMF duration (infants grouped 
in three-month intervals) to predict biomarker levels (standardized NPX). The exclusive HMF >3 
months group was used as reference.  

Olink 
Biomarkers 

Variable 
Groups Univariable  Multivariable 

  P-value FDR 
P-value 

β-Coefficient 
(95% CI) P-value FDR 

P-value 
β-Coefficient 

(95% CI) 
4E-BP1 0m 0.18 0.97 0.190 (-0.085 - 0.466) 0.31 0.96 0.145 (-0.135 - 0.426) 

0 - ≤3m 0.93 0.98 0.011 (-0.231 - 0.253) 0.92 0.99 -0.012 (-0.252 - 0.228) 

ADA 0m 0.11 0.97 0.225 (-0.048 - 0.499) 0.16 0.96 0.192 (-0.076 - 0.460) 
0 - ≤3m 0.73 0.97 0.043 (-0.198 - 0.283) 0.55 0.97 0.070 (-0.159 - 0.300) 

AXIN1 0m 0.97 0.98 -0.005 (-0.283 - 0.273) 0.67 0.98 -0.057 (-0.322 - 0.208) 
0 - ≤3m 0.76 0.97 -0.038 (-0.283 - 0.206) 0.99 0.99 0.001 (-0.226 - 0.228) 

CASP-8 0m 0.35 0.97 0.132 (-0.145 - 0.410) 0.36 0.96 0.088 (-0.100 - 0.275) 
0 - ≤3m 0.66 0.97 -0.054 (-0.298 - 0.190) 0.98 0.99 -0.002 (-0.163 - 0.158) 

CCL11 0m 0.47 0.97 -0.102 (-0.380 - 0.176) 0.59 0.97 -0.078 (-0.360 - 0.204) 
0 - ≤3m 0.22 0.97 -0.151 (-0.395 - 0.093) 0.34 0.96 -0.116 (-0.358 - 0.125) 

CCL19 0m 0.72 0.97 -0.051 (-0.328 - 0.225) 0.94 0.99 -0.010 (-0.280 - 0.260) 
0 - ≤3m 0.43 0.97 -0.097 (-0.34 - 0.146) 0.33 0.96 -0.115 (-0.346 - 0.116) 

CCL20 0m 0.67 0.97 -0.061 (-0.339 - 0.218) 0.89 0.98 0.019 (-0.264 - 0.303) 
0 - ≤3m 0.93 0.98 -0.012 (-0.257 - 0.233) 0.91 0.98 0.015 (-0.228 - 0.257) 

CCL23 0m 0.23 0.97 -0.168 (-0.446 - 0.110) 0.20 0.96 -0.186 (-0.469 - 0.096) 
0 - ≤3m 0.70 0.97 -0.049 (-0.293 - 0.195) 0.73 0.98 -0.042 (-0.284 - 0.200) 

CCL25 0m 0.03 0.97 0.297 (0.021 - 0.572) 0.08 0.96 0.256 (-0.026 - 0.539) 
0 - ≤3m 0.13 0.97 0.188 (-0.054 - 0.430) 0.13 0.96 0.189 (-0.053 - 0.431) 

CCL28 0m 0.54 0.97 -0.087 (-0.364 - 0.191) 0.77 0.98 -0.041 (-0.322 - 0.239) 
0 - ≤3m 0.84 0.97 0.026 (-0.219 - 0.270) 0.78 0.98 0.034 (-0.206 - 0.273) 

CCL3 0m 0.66 0.97 -0.063 (-0.342 - 0.216) 0.66 0.98 -0.057 (-0.312 - 0.199) 
0 - ≤3m 0.85 0.97 -0.023 (-0.269 - 0.222) 0.79 0.98 -0.030 (-0.249 - 0.189) 

CCL4 0m 0.96 0.98 -0.006 (-0.285 - 0.273) 0.92 0.99 -0.013 (-0.278 - 0.252) 
0 - ≤3m 0.85 0.97 0.023 (-0.222 - 0.269) 0.89 0.98 0.016 (-0.210 - 0.243) 

CD244 0m 0.51 0.97 -0.094 (-0.372 - 0.185) 0.31 0.96 -0.130 (-0.383 - 0.122) 
0 - ≤3m 0.66 0.97 -0.055 (-0.299 - 0.190) 0.78 0.98 -0.030 (-0.246 - 0.186) 

CD40 0m 0.82 0.97 0.032 (-0.244 - 0.309) 0.86 0.98 -0.018 (-0.223 - 0.186) 
0 - ≤3m 0.76 0.97 0.037 (-0.206 - 0.280) 0.35 0.96 0.083 (-0.092 - 0.258) 

CD5 0m 0.08 0.97 0.243 (-0.033 - 0.520) 0.13 0.96 0.211 (-0.062 - 0.484) 
0 - ≤3m 0.97 0.98 -0.005 (-0.248 - 0.238) 0.97 0.99 0.005 (-0.229 - 0.238) 

CD6 0m 0.58 0.97 -0.078 (-0.354 - 0.197) 0.34 0.96 -0.133 (-0.404 - 0.139) 
0 - ≤3m 0.33 0.97 -0.119 (-0.362 - 0.123) 0.32 0.96 -0.117 (-0.350 - 0.115) 

CD8A 0m 0.16 0.97 -0.197 (-0.474 - 0.080) 0.21 0.96 -0.181 (-0.463 - 0.101) 
0 - ≤3m 0.53 0.97 -0.078 (-0.321 - 0.166) 0.44 0.97 -0.095 (-0.336 - 0.146) 

CDCP1 0m 0.45 0.97 0.107 (-0.169 - 0.382) 0.54 0.97 0.090 (-0.195 - 0.375) 
0 - ≤3m 0.05 0.97 -0.239 (-0.482 - 0.003) 0.08 0.96 -0.218 (-0.462 - 0.026) 

CSF-1 0m 0.46 0.97 0.104 (-0.172 - 0.381) 0.51 0.97 0.092 (-0.182 - 0.366) 
0 - ≤3m 0.14 0.97 -0.185 (-0.428 - 0.058) 0.15 0.96 -0.173 (-0.408 - 0.061) 

CST5 0m 0.78 0.97 -0.039 (-0.317 - 0.240) 0.36 0.96 -0.133 (-0.416 - 0.150) 
0 - ≤3m 0.86 0.97 0.023 (-0.222 - 0.267) 0.98 0.99 0.003 (-0.240 - 0.245) 

CX3CL1 0m 0.14 0.97 0.210 (-0.068 - 0.487) 0.18 0.96 0.191 (-0.089 - 0.471) 
0 - ≤3m 0.32 0.97 0.123 (-0.121 - 0.367) 0.37 0.96 0.108 (-0.131 - 0.348) 

CXCL1 0m 0.44 0.97 -0.109 (-0.387 - 0.170) 0.61 0.98 -0.072 (-0.350 - 0.205) 
0 - ≤3m 0.30 0.97 -0.129 (-0.374 - 0.116) 0.46 0.97 -0.088 (-0.326 - 0.149) 

CXCL10 0m 0.38 0.97 0.123 (-0.154 - 0.400) 0.25 0.96 0.169 (-0.119 - 0.456) 
0 - ≤3m 0.43 0.97 -0.098 (-0.342 - 0.145) 0.56 0.97 -0.073 (-0.319 - 0.173) 

CXCL11 0m 0.44 0.97 0.110 (-0.169 - 0.388) 0.25 0.96 0.161 (-0.116 - 0.438) 
0 - ≤3m 0.90 0.98 -0.016 (-0.260 - 0.229) 0.76 0.98 0.037 (-0.200 - 0.274) 
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CXCL5 0m 0.26 0.97 -0.160 (-0.437 - 0.117) 0.39 0.96 -0.121 (-0.397 - 0.155) 
0 - ≤3m 0.16 0.97 -0.174 (-0.417 - 0.070) 0.36 0.96 -0.110 (-0.346 - 0.126) 

CXCL6 0m 0.09 0.97 -0.237 (-0.514 - 0.040) 0.13 0.96 -0.220 (-0.502 - 0.062) 
0 - ≤3m 0.17 0.97 -0.172 (-0.416 - 0.071) 0.25 0.96 -0.142 (-0.384 - 0.099) 

CXCL9 0m 0.82 0.97 -0.031 (-0.310 - 0.247) 0.98 0.99 0.003 (-0.282 - 0.289) 
0 - ≤3m 0.61 0.97 0.064 (-0.181 - 0.309) 0.42 0.96 0.100 (-0.145 - 0.344) 

DNER 0m 0.72 0.97 -0.051 (-0.328 - 0.227) 0.65 0.98 -0.065 (-0.349 - 0.219) 
0 - ≤3m 0.77 0.97 -0.036 (-0.280 - 0.208) 0.68 0.98 -0.050 (-0.294 - 0.193) 

EN-RAGE 0m 0.67 0.97 0.060 (-0.219 - 0.338) 0.62 0.98 0.058 (-0.170 - 0.285) 
0 - ≤3m 0.56 0.97 -0.072 (-0.317 - 0.173) 0.91 0.98 0.012 (-0.183 - 0.206) 

FGF-19 0m 0.11 0.97 0.219 (-0.048 - 0.487) 0.09 0.96 0.239 (-0.039 - 0.517) 
0 - ≤3m 0.53 0.97 0.076 (-0.159 - 0.312) 0.57 0.97 0.069 (-0.169 - 0.307) 

FGF-21 0m 0.74 0.97 -0.047 (-0.323 - 0.230) 0.64 0.98 -0.067 (-0.352 - 0.218) 
0 - ≤3m 0.58 0.97 -0.069 (-0.312 - 0.174) 0.52 0.97 -0.079 (-0.323 - 0.164) 

FGF-23 0m 0.81 0.97 0.033 (-0.243 - 0.310) 0.95 0.99 0.009 (-0.275 - 0.292) 
0 - ≤3m 0.19 0.97 -0.161 (-0.404 - 0.082) 0.24 0.96 -0.145 (-0.388 - 0.098) 

FGF-5** 0m 0.30 0.97 -0.154 (-0.447 - 0.138) 0.29 0.96 -0.163 (-0.464 - 0.139) 
0 - ≤3m 0.96 0.98 -0.007 (-0.261 - 0.248) 0.90 0.98 -0.016 (-0.272 - 0.239) 

Flt3L 0m 0.59 0.97 -0.077 (-0.355 - 0.201) 0.46 0.97 -0.107 (-0.394 - 0.179) 
0 - ≤3m 0.31 0.97 -0.126 (-0.371 - 0.118) 0.31 0.96 -0.126 (-0.371 - 0.119) 

HGF 0m 0.78 0.97 0.041 (-0.238 - 0.319) 0.77 0.98 0.039 (-0.222 - 0.299) 
0 - ≤3m 0.89 0.97 0.018 (-0.227 - 0.263) 0.56 0.97 0.067 (-0.156 - 0.290) 

IFN-γ 0m 0.60 0.97 0.074 (-0.204 - 0.353) 0.36 0.96 0.133 (-0.156 - 0.423) 
0 - ≤3m 0.79 0.97 -0.033 (-0.277 - 0.212) 0.87 0.98 -0.021 (-0.268 - 0.227) 

IL-10RA 0m 0.32 0.97 0.136 (-0.132 - 0.404) 0.38 0.96 0.126 (-0.153 - 0.404) 
0 - ≤3m 0.35 0.97 -0.113 (-0.348 - 0.122) 0.35 0.96 -0.114 (-0.352 - 0.125) 

IL-10RB 0m 0.77 0.97 -0.042 (-0.320 - 0.236) 0.52 0.97 -0.094 (-0.380 - 0.192) 
0 - ≤3m 0.38 0.97 0.109 (-0.135 - 0.354) 0.54 0.97 0.077 (-0.168 - 0.321) 

IL-12B 0m 0.61 0.97 -0.072 (-0.351 - 0.206) 0.83 0.98 -0.031 (-0.319 - 0.256) 
0 - ≤3m 0.36 0.97 -0.115 (-0.359 - 0.130) 0.48 0.97 -0.088 (-0.333 - 0.158) 

IL-15RA 0m 0.96 0.98 0.007 (-0.271 - 0.286) 0.93 0.99 0.013 (-0.276 - 0.302) 
0 - ≤3m 0.30 0.97 -0.130 (-0.375 - 0.115) 0.32 0.96 -0.125 (-0.372 - 0.123) 

IL-17A 0m 0.25 0.97 0.160 (-0.114 - 0.434) 0.20 0.96 0.184 (-0.100 - 0.469) 
0 - ≤3m 0.71 0.97 -0.046 (-0.287 - 0.195) 0.75 0.98 -0.039 (-0.283 - 0.204) 

IL-17C 0m 0.17 0.97 0.193 (-0.083 - 0.47) 0.14 0.96 0.214 (-0.073 - 0.501) 
0 - ≤3m 0.58 0.97 -0.068 (-0.311 - 0.175) 0.71 0.98 -0.047 (-0.293 - 0.199) 

IL-18 0m 0.35 0.97 0.130 (-0.145 - 0.405) 0.33 0.96 0.138 (-0.141 - 0.416) 
0 - ≤3m 0.27 0.97 -0.137 (-0.379 - 0.105) 0.40 0.96 -0.101 (-0.339 - 0.137) 

IL-18R1 0m 0.81 0.97 0.034 (-0.245 - 0.312) 0.79 0.98 0.038 (-0.244 - 0.321) 
0 - ≤3m 0.65 0.97 -0.057 (-0.302 - 0.187) 0.84 0.98 -0.025 (-0.267 - 0.217) 

IL-4 0m 0.96 0.98 0.007 (-0.272 - 0.285) 0.85 0.98 -0.028 (-0.317 - 0.260) 
0 - ≤3m 0.50 0.97 0.083 (-0.162 - 0.328) 0.64 0.98 0.059 (-0.188 - 0.306) 

IL-6 0m 0.80 0.97 -0.035 (-0.314 - 0.243) 0.87 0.98 -0.021 (-0.279 - 0.236) 
0 - ≤3m 0.76 0.97 -0.038 (-0.283 - 0.207) 0.85 0.98 -0.021 (-0.242 - 0.199) 

IL-7 0m 0.00 0.16 -0.459 (-0.732 - -0.186) 0.00 0.14 -0.468 (-0.744 - -0.192) 
0 - ≤3m 0.01 0.86 -0.311 (-0.551 - -0.071) 0.01 0.62 -0.320 (-0.556 - -0.083) 

IL-8 0m 0.54 0.97 -0.087 (-0.365 - 0.191) 0.47 0.97 -0.070 (-0.260 - 0.119) 
0 - ≤3m 0.50 0.97 -0.085 (-0.329 - 0.159) 0.53 0.97 -0.052 (-0.215 - 0.110) 

IL-10 0m 0.89 0.97 0.020 (-0.258 - 0.298) 0.58 0.97 0.081 (-0.205 - 0.367) 
0 - ≤3m 0.26 0.97 -0.140 (-0.384 - 0.105) 0.38 0.96 -0.110 (-0.354 - 0.135) 

LAP TGF-β-
1 

0m 0.09 0.97 -0.238 (-0.515 - 0.040) 0.05 0.96 -0.282 (-0.559 - -0.005) 
0 - ≤3m 0.33 0.97 -0.121 (-0.365 - 0.123) 0.27 0.96 -0.132 (-0.369 - 0.104) 

LIF-R 0m 0.07 0.97 -0.257 (-0.533 - 0.019) 0.09 0.96 -0.251 (-0.538 - 0.036) 
0 - ≤3m 0.12 0.97 -0.193 (-0.436 - 0.049) 0.16 0.96 -0.178 (-0.423 - 0.068) 

MCP-1 0m 0.86 0.97 0.025 (-0.251 - 0.302) 0.76 0.98 0.040 (-0.222 - 0.302) 
0 - ≤3m 0.22 0.97 -0.151 (-0.395 - 0.092) 0.32 0.96 -0.113 (-0.338 - 0.111) 

MCP-2 0m 0.58 0.97 0.078 (-0.200 - 0.356) 0.54 0.97 0.090 (-0.200 - 0.379) 
0 - ≤3m 0.63 0.97 -0.060 (-0.305 - 0.185) 0.71 0.98 -0.046 (-0.294 - 0.201) 

MCP-3 0m 0.21 0.97 -0.176 (-0.452 - 0.100) 0.14 0.96 -0.146 (-0.341 - 0.049) 
0 - ≤3m 0.26 0.97 -0.139 (-0.381 - 0.104) 0.22 0.96 -0.104 (-0.271 - 0.063) 

MCP-4 0m 0.82 0.97 -0.032 (-0.311 - 0.246) 0.89 0.98 0.020 (-0.267 - 0.306) 
0 - ≤3m 0.94 0.98 -0.009 (-0.254 - 0.236) 0.78 0.98 0.034 (-0.211 - 0.280) 
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MMP-1 0m 0.67 0.97 -0.061 (-0.34 - 0.218) 0.55 0.97 -0.088 (-0.375 - 0.200) 
0 - ≤3m 0.47 0.97 0.090 (-0.155 - 0.335) 0.38 0.96 0.111 (-0.135 - 0.356) 

MMP-10 0m 0.98 0.99 0.003 (-0.274 - 0.280) 0.67 0.98 0.062 (-0.222 - 0.346) 
0 - ≤3m 0.57 0.97 0.070 (-0.173 - 0.313) 0.36 0.96 0.113 (-0.130 - 0.355) 

NT-3 0m 0.36 0.97 -0.129 (-0.407 - 0.148) 0.26 0.96 -0.165 (-0.450 - 0.121) 
0 - ≤3m 0.64 0.97 0.058 (-0.186 - 0.302) 0.84 0.98 0.025 (-0.218 - 0.269) 

OPG 0m 0.23 0.97 -0.171 (-0.449 - 0.108) 0.14 0.96 -0.216 (-0.504 - 0.072) 
0 - ≤3m 0.27 0.97 -0.138 (-0.383 - 0.107) 0.26 0.96 -0.141 (-0.387 - 0.106) 

OSM 0m 0.89 0.97 0.020 (-0.259 - 0.298) 0.78 0.98 0.029 (-0.176 - 0.233) 
0 - ≤3m 0.62 0.97 -0.061 (-0.306 - 0.183) 0.96 0.99 -0.005 (-0.180 - 0.170) 

PD-L1 0m 0.43 0.97 0.111 (-0.167 - 0.390) 0.40 0.96 0.120 (-0.162 - 0.403) 
0 - ≤3m 0.48 0.97 -0.087 (-0.332 - 0.158) 0.65 0.98 -0.056 (-0.298 - 0.186) 

SCF 0m 0.10 0.97 0.228 (-0.047 - 0.504) 0.18 0.96 0.196 (-0.088 - 0.479) 
0 - ≤3m 0.04 0.97 0.253 (0.011 - 0.496) 0.08 0.96 0.214 (-0.029 - 0.456) 

SIRT2 0m 0.34 0.97 0.133 (-0.144 - 0.410) 0.49 0.97 0.098 (-0.180 - 0.377) 
0 - ≤3m 0.66 0.97 -0.054 (-0.297 - 0.190) 0.79 0.98 -0.032 (-0.271 - 0.206) 

SLAMF1 0m 0.11 0.97 -0.226 (-0.500 - 0.049) 0.05 0.96 -0.281 (-0.564 - 0.002) 
0 - ≤3m 0.05 0.97 -0.239 (-0.480 - 0.003) 0.07 0.96 -0.223 (-0.465 - 0.019) 

ST1A1 0m 0.42 0.97 -0.113 (-0.390 - 0.164) 0.36 0.96 -0.124 (-0.393 - 0.145) 
0 - ≤3m 0.21 0.97 0.155 (-0.088 - 0.399) 0.12 0.96 0.183 (-0.047 - 0.413) 

STAMBP 0m 0.26 0.97 0.157 (-0.119 - 0.434) 0.41 0.96 0.119 (-0.165 - 0.403) 
0 - ≤3m 0.86 0.97 0.022 (-0.221 - 0.265) 0.84 0.98 0.025 (-0.218 - 0.268) 

TGF-ɑ 0m 0.35 0.97 -0.133 (-0.411 - 0.146) 0.57 0.97 -0.078 (-0.347 - 0.190) 
0 - ≤3m 0.87 0.97 -0.021 (-0.266 - 0.224) 0.72 0.98 0.041 (-0.189 - 0.271) 

TNF 0m 0.62 0.97 -0.069 (-0.348 - 0.209) 0.81 0.98 -0.034 (-0.322 - 0.253) 
0 - ≤3m 0.75 0.97 -0.040 (-0.284 - 0.205) 0.76 0.98 -0.038 (-0.284 - 0.209) 

TNFB 0m 0.81 0.97 -0.033 (-0.311 - 0.245) 0.66 0.98 -0.064 (-0.349 - 0.222) 
0 - ≤3m 0.23 0.97 -0.150 (-0.394 - 0.095) 0.21 0.96 -0.155 (-0.399 - 0.090) 

TNFRSF9 0m 0.42 0.97 0.113 (-0.165 - 0.392) 0.51 0.97 0.095 (-0.188 - 0.378) 
0 - ≤3m 0.57 0.97 0.071 (-0.174 - 0.315) 0.51 0.97 0.082 (-0.160 - 0.324) 

TNFSF14 0m 0.95 0.98 0.008 (-0.270 - 0.287) 0.99 0.99 0.002 (-0.224 - 0.227) 
0 - ≤3m 0.83 0.97 0.028 (-0.217 - 0.273) 0.39 0.96 0.084 (-0.109 - 0.277) 

TRAIL 0m 0.18 0.97 0.191 (-0.086 - 0.468) 0.11 0.96 0.234 (-0.049 - 0.518) 
0 - ≤3m 0.70 0.97 0.049 (-0.195 - 0.292) 0.57 0.97 0.070 (-0.173 - 0.312) 

TRANCE 0m 0.38 0.97 0.124 (-0.154 - 0.402) 0.30 0.96 0.154 (-0.135 - 0.443) 
0 - ≤3m 0.66 0.97 0.055 (-0.190 - 0.299) 0.62 0.98 0.063 (-0.184 - 0.310) 

TWEAK 0m 1.00 1.00 0.000 (-0.278 - 0.278) 0.77 0.98 -0.043 (-0.330 - 0.244) 
0 - ≤3m 0.42 0.97 -0.100 (-0.345 - 0.144) 0.42 0.96 -0.101 (-0.346 - 0.145) 

uPA 0m 0.58 0.97 0.078 (-0.201 - 0.356) 0.86 0.98 -0.025 (-0.295 - 0.246) 
0 - ≤3m 0.52 0.97 0.081 (-0.164 - 0.326) 0.47 0.97 0.086 (-0.146 - 0.317) 

VEGFA 0m 0.16 0.97 -0.197 (-0.474 - 0.081) 0.19 0.96 -0.186 (-0.465 - 0.094) 
0 - ≤3m 0.62 0.97 -0.062 (-0.306 - 0.182) 0.76 0.98 -0.037 (-0.276 - 0.202) 

**46 infants had an NA value for FGF-5. 
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Supplementary Table 12. Linear regression associations of infant serum biomarker levels 
with HMF method at three months among one-year-old CHILD cohort infants (not 
currently HMF subset, n=347). Results from univariable and multivariable (adjusting for time 
until blood sample centrifugation, sex, and study site) linear regression models that use HMF 
method at three months to predict biomarker levels. The direct HMF group was used as 
reference.  

 Olink 
Biomarkers 

Variable 
Groups HMF method Univariable HMF method Multivariable 

  P-value FDR 
P-value 

β-Coefficient 
(95% CI) P-value FDR 

P-value 
β-Coefficient 

(95% CI) 

4E-BP1 

Only HMF - 
Some Indirect 0.92 0.99 -0.017 (-0.338 - 0.304) 0.97 1.00 -0.006 (-0.325 - 0.313) 

FF + HMF 0.83 0.99 -0.033 (-0.342 - 0.276) 0.99 1.00 -0.003 (-0.309 - 0.304) 
Only FF 0.89 0.99 0.025 (-0.324 - 0.373) 0.72 1.00 -0.064 (-0.418 - 0.291) 

ADA 

Only HMF - 
Some Indirect 0.88 0.99 -0.024 (-0.346 - 0.298) 0.58 1.00 -0.088 (-0.396 - 0.221) 

FF + HMF 0.30 0.99 0.164 (-0.147 - 0.474) 0.47 1.00 0.109 (-0.188 - 0.405) 
Only FF 0.56 0.99 -0.105 (-0.455 - 0.245) 0.39 1.00 -0.151 (-0.494 - 0.192) 

AXIN1 

Only HMF - 
Some Indirect 0.17 0.99 0.226 (-0.094 - 0.547) 0.32 1.00 0.152 (-0.147 - 0.451) 

FF + HMF 1.00 1.00 0.001 (-0.308 - 0.309) 0.94 1.00 0.010 (-0.277 - 0.298) 
Only FF 0.73 0.99 -0.061 (-0.409 - 0.288) 0.32 1.00 -0.168 (-0.500 - 0.164) 

CASP-8 

Only HMF - 
Some Indirect 0.52 0.99 0.107 (-0.216 - 0.43) 0.94 1.00 0.009 (-0.207 - 0.225) 

FF + HMF 0.61 0.99 0.082 (-0.23 - 0.393) 0.39 1.00 -0.091 (-0.299 - 0.117) 
Only FF 0.73 0.99 -0.063 (-0.414 - 0.288) 0.75 1.00 -0.039 (-0.280 - 0.201) 

CCL11 

Only HMF - 
Some Indirect 0.60 0.99 0.085 (-0.235 - 0.404) 0.94 1.00 0.012 (-0.306 - 0.330) 

FF + HMF 0.29 0.99 -0.164 (-0.473 - 0.144) 0.19 1.00 -0.203 (-0.509 - 0.103) 
Only FF 0.16 0.99 -0.247 (-0.595 - 0.100) 0.18 1.00 -0.243 (-0.597 - 0.110) 

CCL19 

Only HMF - 
Some Indirect 0.19 0.99 0.213 (-0.103 - 0.53) 0.13 1.00 0.231 (-0.072 - 0.533) 

FF + HMF 0.69 0.99 -0.062 (-0.367 - 0.243) 0.95 1.00 0.009 (-0.282 - 0.300) 
Only FF 0.08 0.99 0.304 (-0.040 - 0.649) 0.06 1.00 0.323 (-0.013 - 0.660) 

CCL20 

Only HMF - 
Some Indirect 0.81 0.99 0.040 (-0.282 - 0.362) 0.98 1.00 -0.004 (-0.324 - 0.315) 

FF + HMF 0.85 0.99 -0.029 (-0.339 - 0.281) 0.86 1.00 -0.027 (-0.334 - 0.280) 
Only FF 0.96 0.99 -0.010 (-0.359 - 0.340) 0.73 1.00 0.063 (-0.292 - 0.418) 

CCL23 

Only HMF - 
Some Indirect 0.53 0.99 0.104 (-0.219 - 0.427) 0.68 1.00 0.068 (-0.253 - 0.389) 

FF + HMF 0.60 0.99 -0.083 (-0.394 - 0.228) 0.76 1.00 -0.049 (-0.357 - 0.260) 
Only FF 0.98 0.99 -0.005 (-0.356 - 0.346) 0.70 1.00 -0.070 (-0.427 - 0.287) 

CCL25 

Only HMF - 
Some Indirect 0.19 0.99 0.212 (-0.108 - 0.533) 0.33 1.00 0.161 (-0.161 - 0.483) 

FF + HMF 0.15 0.99 0.226 (-0.082 - 0.535) 0.16 1.00 0.222 (-0.088 - 0.531) 
Only FF 0.03 0.92 0.391 (0.042 - 0.739) 0.08 1.00 0.321 (-0.036 - 0.679) 

CCL28 

Only HMF - 
Some Indirect 0.41 0.99 0.136 (-0.187 - 0.458) 0.53 1.00 0.102 (-0.215 - 0.42) 

FF + HMF 0.90 0.99 -0.019 (-0.330 - 0.292) 0.79 1.00 -0.041 (-0.346 - 0.264) 
Only FF 0.97 0.99 0.006 (-0.344 - 0.357) 0.74 1.00 0.059 (-0.294 - 0.411) 

CCL3 

Only HMF - 
Some Indirect 0.65 0.99 -0.073 (-0.392 - 0.246) 0.51 1.00 -0.095 (-0.380 - 0.191) 

FF + HMF 0.72 0.99 -0.055 (-0.363 - 0.253) 0.22 1.00 -0.172 (-0.446 - 0.103) 
Only FF 0.51 0.99 -0.116 (-0.463 - 0.231) 1.00 1.00 -0.001 (-0.318 - 0.317) 

CCL4 

Only HMF - 
Some Indirect 0.76 0.99 -0.050 (-0.369 - 0.268) 0.67 1.00 -0.064 (-0.359 - 0.232) 

FF + HMF 0.95 0.99 0.009 (-0.297 - 0.316) 0.52 1.00 -0.094 (-0.378 - 0.190) 
Only FF 0.56 0.99 -0.102 (-0.449 - 0.244) 0.89 1.00 -0.022 (-0.351 - 0.306) 
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CD244 

Only HMF - 
Some Indirect 0.68 0.99 -0.066 (-0.381 - 0.249) 0.28 1.00 -0.154 (-0.435 - 0.126) 

FF + HMF 0.96 0.99 -0.007 (-0.311 - 0.296) 0.39 1.00 -0.119 (-0.389 - 0.151) 
Only FF 0.00 0.33 -0.500 (-0.842 - -0.158) 0.00 0.26 -0.508 (-0.820 - -0.196) 

CD40 

Only HMF - 
Some Indirect 0.93 0.99 -0.014 (-0.334 - 0.306) 0.30 1.00 -0.125 (-0.360 - 0.110) 

FF + HMF 0.71 0.99 0.059 (-0.250 - 0.367) 0.34 1.00 -0.110 (-0.336 - 0.116) 
Only FF 0.13 0.99 -0.268 (-0.616 - 0.079) 0.05 1.00 -0.265 (-0.527 - -0.004) 

CD5 

Only HMF - 
Some Indirect 0.56 0.99 0.096 (-0.227 - 0.420) 0.85 1.00 0.030 (-0.283 - 0.342) 

FF + HMF 0.70 0.99 0.062 (-0.250 - 0.374) 0.97 1.00 -0.005 (-0.306 - 0.295) 
Only FF 0.55 0.99 0.108 (-0.244 - 0.459) 0.58 1.00 0.098 (-0.250 - 0.445) 

CD6 

Only HMF - 
Some Indirect 0.68 0.99 0.067 (-0.255 - 0.389) 0.85 1.00 0.029 (-0.280 - 0.338) 

FF + HMF 0.37 0.99 -0.142 (-0.453 - 0.168) 0.15 1.00 -0.219 (-0.516 - 0.078) 
Only FF 0.60 0.99 -0.092 (-0.443 - 0.258) 0.56 1.00 -0.103 (-0.447 - 0.241) 

CD8A 

Only HMF - 
Some Indirect 0.70 0.99 0.063 (-0.259 - 0.385) 0.74 1.00 0.054 (-0.265 - 0.374) 

FF + HMF 0.24 0.99 -0.184 (-0.495 - 0.126) 0.36 1.00 -0.142 (-0.449 - 0.164) 
Only FF 0.65 0.99 0.081 (-0.269 - 0.431) 0.56 1.00 0.105 (-0.250 - 0.459) 

CDCP1 

Only HMF - 
Some Indirect 0.74 0.99 0.054 (-0.270 - 0.378) 0.90 1.00 0.020 (-0.307 - 0.346) 

FF + HMF 0.81 0.99 -0.038 (-0.350 - 0.274) 0.73 1.00 -0.056 (-0.370 - 0.258) 
Only FF 0.75 0.99 0.057 (-0.295 - 0.408) 0.93 1.00 0.015 (-0.347 - 0.378) 

CSF-1 

Only HMF - 
Some Indirect 0.20 0.99 0.213 (-0.110 - 0.536) 0.24 1.00 0.188 (-0.126 - 0.501) 

FF + HMF 0.29 0.99 0.169 (-0.142 - 0.480) 0.51 1.00 0.102 (-0.200 - 0.403) 
Only FF 0.70 0.99 0.069 (-0.282 - 0.420) 0.59 1.00 0.096 (-0.252 - 0.444) 

CST5 

Only HMF - 
Some Indirect 0.81 0.99 -0.039 (-0.359 - 0.281) 0.87 1.00 -0.027 (-0.346 - 0.291) 

FF + HMF 0.63 0.99 -0.075 (-0.383 - 0.234) 0.71 1.00 -0.059 (-0.365 - 0.247) 
Only FF 0.70 0.99 0.067 (-0.281 - 0.415) 0.86 1.00 -0.032 (-0.386 - 0.322) 

CX3CL1 

Only HMF - 
Some Indirect 0.70 0.99 0.064 (-0.258 - 0.386) 0.56 1.00 0.093 (-0.224 - 0.411) 

FF + HMF 0.36 0.99 0.145 (-0.165 - 0.455) 0.20 1.00 0.198 (-0.107 - 0.503) 
Only FF 0.09 0.99 0.300 (-0.050 - 0.650) 0.17 1.00 0.250 (-0.103 - 0.602) 

CXCL1 

Only HMF - 
Some Indirect 0.93 0.99 0.014 (-0.302 - 0.330) 0.65 1.00 -0.071 (-0.381 - 0.238) 

FF + HMF 0.81 0.99 0.037 (-0.267 - 0.342) 0.94 1.00 -0.011 (-0.309 - 0.286) 
Only FF 0.05 0.99 -0.34 (-0.683 - 0.004) 0.07 1.00 -0.318 (-0.661 - 0.026) 

CXCL10 

Only HMF - 
Some Indirect 0.27 0.99 0.183 (-0.141 - 0.506) 0.30 1.00 0.173 (-0.155 - 0.500) 

FF + HMF 0.62 0.99 0.079 (-0.232 - 0.391) 0.59 1.00 0.087 (-0.228 - 0.401) 
Only FF 0.25 0.99 0.208 (-0.144 - 0.559) 0.20 1.00 0.240 (-0.124 - 0.604) 

CXCL11 

Only HMF - 
Some Indirect 0.40 0.99 0.139 (-0.183 - 0.461) 0.63 1.00 0.076 (-0.238 - 0.39) 

FF + HMF 0.34 0.99 0.152 (-0.158 - 0.462) 0.48 1.00 0.109 (-0.192 - 0.411) 
Only FF 0.70 0.99 0.07 (-0.281 - 0.420) 0.51 1.00 0.117 (-0.232 - 0.466) 

CXCL5 

Only HMF - 
Some Indirect 0.21 0.99 -0.206 (-0.527 - 0.114) 0.10 1.00 -0.262 (-0.572 - 0.048) 

FF + HMF 0.13 0.99 -0.236 (-0.545 - 0.072) 0.18 1.00 -0.202 (-0.500 - 0.096) 
Only FF 0.02 0.70 -0.431 (-0.779 - -0.083) 0.01 0.26 -0.492 (-0.837 - -0.148) 

CXCL6 

Only HMF - 
Some Indirect 0.25 0.99 -0.185 (-0.502 - 0.131) 0.12 1.00 -0.251 (-0.565 - 0.063) 

FF + HMF 0.18 0.99 -0.208 (-0.513 - 0.097) 0.10 1.00 -0.252 (-0.554 - 0.050) 
Only FF 0.00 0.33 -0.521 (-0.865 - -0.177) 0.00 0.26 -0.521 (-0.871 - -0.172) 

CXCL9 

Only HMF - 
Some Indirect 0.51 0.99 0.108 (-0.214 - 0.430) 0.80 1.00 0.041 (-0.282 - 0.364) 

FF + HMF 0.35 0.99 0.148 (-0.162 - 0.459) 0.36 1.00 0.144 (-0.166 - 0.454) 
Only FF 0.61 0.99 -0.091 (-0.441 - 0.259) 0.62 1.00 -0.091 (-0.450 - 0.268) 

DNER Only HMF - 
Some Indirect 0.92 0.99 0.015 (-0.307 - 0.338) 0.99 1.00 -0.003 (-0.325 - 0.320) 
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FF + HMF 0.78 0.99 -0.044 (-0.355 - 0.267) 0.54 1.00 -0.097 (-0.406 - 0.213) 
Only FF 0.51 0.99 -0.118 (-0.469 - 0.233) 0.62 1.00 -0.089 (-0.447 - 0.269) 

EN-RAGE 

Only HMF - 
Some Indirect 0.64 0.99 0.076 (-0.246 - 0.399) 0.85 1.00 -0.025 (-0.278 - 0.228) 

FF + HMF 0.91 0.99 -0.017 (-0.328 - 0.294) 0.49 1.00 -0.086 (-0.329 - 0.157) 
Only FF 0.78 0.99 -0.049 (-0.400 - 0.302) 0.73 1.00 -0.049 (-0.331 - 0.232) 

FGF-19 

Only HMF - 
Some Indirect 0.27 0.99 0.18 (-0.140 - 0.501) 0.21 1.00 0.209 (-0.116 - 0.534) 

FF + HMF 0.06 0.99 0.292 (-0.017 - 0.601) 0.06 1.00 0.294 (-0.018 - 0.606) 
Only FF 0.03 0.92 0.394 (0.046 - 0.743) 0.02 0.56 0.440 (0.079 - 0.801) 

FGF-21 

Only HMF - 
Some Indirect 0.48 0.99 -0.113 (-0.425 - 0.200) 0.49 1.00 -0.110 (-0.423 - 0.202) 

FF + HMF 0.93 0.99 0.013 (-0.288 - 0.314) 0.82 1.00 0.035 (-0.265 - 0.336) 
Only FF 0.55 0.99 -0.104 (-0.443 - 0.236) 0.38 1.00 -0.156 (-0.503 - 0.192) 

FGF-23 

Only HMF - 
Some Indirect 0.45 0.99 -0.123 (-0.444 - 0.199) 0.41 1.00 -0.136 (-0.458 - 0.186) 

FF + HMF 0.33 0.99 -0.153 (-0.463 - 0.157) 0.37 1.00 -0.142 (-0.451 - 0.167) 
Only FF 0.62 0.99 0.089 (-0.26 - 0.438) 0.89 1.00 0.025 (-0.332 - 0.383) 

FGF-5** 

Only HMF - 
Some Indirect 0.16 0.99 -0.240 (-0.574 - 0.095) 0.15 1.00 -0.245 (-0.582 - 0.091) 

FF + HMF 0.10 0.99 -0.272 (-0.595 - 0.050) 0.13 1.00 -0.251 (-0.575 - 0.073) 
Only FF 0.30 0.99 -0.191 (-0.555 - 0.173) 0.30 1.00 -0.198 (-0.573 - 0.176) 

Flt3L 

Only HMF - 
Some Indirect 0.97 0.99 0.007 (-0.315 - 0.328) 0.84 1.00 0.033 (-0.29 - 0.356) 

FF + HMF 0.60 0.99 -0.082 (-0.392 - 0.228) 0.50 1.00 -0.106 (-0.416 - 0.204) 
Only FF 0.55 0.99 -0.105 (-0.454 - 0.244) 0.52 1.00 -0.118 (-0.477 - 0.240) 

HGF 

Only HMF - 
Some Indirect 0.93 0.99 -0.014 (-0.336 - 0.308) 0.56 1.00 -0.087 (-0.382 - 0.207) 

FF + HMF 0.86 0.99 0.027 (-0.283 - 0.337) 0.67 1.00 -0.060 (-0.343 - 0.222) 
Only FF 0.40 0.99 -0.149 (-0.499 - 0.200) 0.44 1.00 -0.129 (-0.456 - 0.198) 

IFN-γ 

Only HMF - 
Some Indirect 0.54 0.99 0.100 (-0.224 - 0.424) 0.51 1.00 0.110 (-0.218 - 0.438) 

FF + HMF 0.41 0.99 0.132 (-0.180 - 0.444) 0.32 1.00 0.159 (-0.156 - 0.474) 
Only FF 0.43 0.99 0.141 (-0.211 - 0.493) 0.28 1.00 0.202 (-0.162 - 0.567) 

IL-10RA 

Only HMF - 
Some Indirect 0.39 0.99 0.140 (-0.183 - 0.464) 0.41 1.00 0.139 (-0.190 - 0.467) 

FF + HMF 0.97 0.99 0.006 (-0.306 - 0.318) 0.96 1.00 0.007 (-0.308 - 0.323) 
Only FF 0.59 0.99 0.097 (-0.255 - 0.448) 0.70 1.00 0.072 (-0.293 - 0.437) 

IL-10RB 

Only HMF - 
Some Indirect 0.22 0.99 -0.202 (-0.521 - 0.118) 0.17 1.00 -0.222 (-0.541 - 0.098) 

FF + HMF 0.83 0.99 0.034 (-0.274 - 0.342) 0.90 1.00 0.021 (-0.287 - 0.328) 
Only FF 0.09 0.99 -0.296 (-0.643 - 0.052) 0.06 1.00 -0.346 (-0.701 - 0.010) 

IL-12B 

Only HMF - 
Some Indirect 0.88 0.99 0.025 (-0.296 - 0.347) 0.93 1.00 0.013 (-0.310 - 0.337) 

FF + HMF 0.26 0.99 -0.179 (-0.489 - 0.130) 0.30 1.00 -0.164 (-0.475 - 0.147) 
Only FF 0.60 0.99 0.093 (-0.256 - 0.442) 0.39 1.00 0.156 (-0.203 - 0.515) 

IL-15RA 

Only HMF - 
Some Indirect 0.11 0.99 -0.260 (-0.581 - 0.061) 0.07 1.00 -0.295 (-0.620 - 0.030) 

FF + HMF 0.06 0.99 -0.293 (-0.602 - 0.017) 0.06 1.00 -0.297 (-0.609 - 0.015) 
Only FF 0.17 0.99 -0.243 (-0.592 - 0.106) 0.17 1.00 -0.252 (-0.613 - 0.109) 

IL-17A 

Only HMF - 
Some Indirect 0.81 0.99 -0.039 (-0.361 - 0.284) 0.79 1.00 -0.045 (-0.372 - 0.282) 

FF + HMF 0.43 0.99 -0.124 (-0.435 - 0.187) 0.53 1.00 -0.100 (-0.414 - 0.214) 
Only FF 0.49 0.99 -0.124 (-0.474 - 0.227) 0.48 1.00 -0.132 (-0.495 - 0.232) 

IL-17C 

Only HMF - 
Some Indirect 0.29 0.99 -0.173 (-0.496 - 0.149) 0.22 1.00 -0.204 (-0.530 - 0.123) 

FF + HMF 0.49 0.99 -0.110 (-0.421 - 0.201) 0.51 1.00 -0.106 (-0.419 - 0.208) 
Only FF 0.94 0.99 -0.014 (-0.365 - 0.337) 0.92 1.00 -0.019 (-0.382 - 0.344) 

IL-18 

Only HMF - 
Some Indirect 0.86 0.99 0.029 (-0.294 - 0.353) 0.80 1.00 -0.041 (-0.360 - 0.279) 

FF + HMF 0.85 0.99 -0.031 (-0.343 - 0.281) 0.70 1.00 -0.060 (-0.368 - 0.247) 
Only FF 0.97 0.99 0.008 (-0.344 - 0.359) 1.00 1.00 0.000 (-0.355 - 0.356) 
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IL-18R1 

Only HMF - 
Some Indirect 0.57 0.99 0.094 (-0.229 - 0.417) 0.64 1.00 0.076 (-0.244 - 0.396) 

FF + HMF 0.60 0.99 0.084 (-0.228 - 0.395) 0.73 1.00 0.054 (-0.254 - 0.361) 
Only FF 0.85 0.99 0.034 (-0.317 - 0.386) 0.80 1.00 0.045 (-0.311 - 0.401) 

IL-4 

Only HMF - 
Some Indirect 0.75 0.99 0.052 (-0.271 - 0.376) 0.80 1.00 0.042 (-0.285 - 0.369) 

FF + HMF 0.91 0.99 -0.019 (-0.330 - 0.292) 0.81 1.00 -0.039 (-0.354 - 0.275) 
Only FF 0.24 0.99 0.208 (-0.143 - 0.559) 0.27 1.00 0.204 (-0.159 - 0.568) 

IL-6 

Only HMF - 
Some Indirect 0.42 0.99 0.131 (-0.19 - 0.452) 0.59 1.00 0.079 (-0.212 - 0.369) 

FF + HMF 0.55 0.99 0.093 (-0.216 - 0.402) 0.89 1.00 -0.019 (-0.299 - 0.260) 
Only FF 0.91 0.99 -0.021 (-0.369 - 0.328) 0.67 1.00 0.070 (-0.253 - 0.393) 

IL-7 

Only HMF - 
Some Indirect 0.29 0.99 -0.171 (-0.486 - 0.145) 0.26 1.00 -0.178 (-0.489 - 0.134) 

FF + HMF 0.00 0.33 -0.461 (-0.765 - -0.156) 0.01 0.26 -0.423 (-0.722 - -0.124) 
Only FF 0.01 0.37 -0.478 (-0.821 - -0.135) 0.00 0.26 -0.534 (-0.880 - -0.188) 

IL-8 

Only HMF - 
Some Indirect 0.68 0.99 0.068 (-0.254 - 0.39) 0.91 1.00 -0.012 (-0.229 - 0.205) 

FF + HMF 0.92 0.99 0.015 (-0.295 - 0.325) 0.12 1.00 -0.164 (-0.372 - 0.045) 
Only FF 0.32 0.99 -0.176 (-0.525 - 0.174) 0.74 1.00 -0.040 (-0.281 - 0.201) 

IL-10 

Only HMF - 
Some Indirect 0.08 0.99 0.288 (-0.034 - 0.61) 0.15 1.00 0.237 (-0.087 - 0.56) 

FF + HMF 0.15 0.99 0.229 (-0.082 - 0.539) 0.12 1.00 0.246 (-0.065 - 0.557) 
Only FF 0.95 0.99 0.011 (-0.340 - 0.361) 0.90 1.00 0.024 (-0.336 - 0.383) 

LAP TGF-β-1 

Only HMF - 
Some Indirect 0.49 0.99 -0.112 (-0.433 - 0.209) 0.28 1.00 -0.170 (-0.481 - 0.142) 

FF + HMF 0.04 0.99 -0.331 (-0.640 - -0.022) 0.01 0.29 -0.407 (-0.706 - -0.108) 
Only FF 0.15 0.99 -0.254 (-0.603 - 0.095) 0.10 1.00 -0.288 (-0.634 - 0.058) 

LIF-R 

Only HMF - 
Some Indirect 0.65 0.99 0.065 (-0.217 - 0.346) 0.79 1.00 0.038 (-0.247 - 0.323) 

FF + HMF 0.28 0.99 -0.151 (-0.422 - 0.121) 0.23 1.00 -0.169 (-0.443 - 0.105) 
Only FF 0.40 0.99 -0.131 (-0.437 - 0.175) 0.37 1.00 -0.145 (-0.462 - 0.172) 

MCP-1 

Only HMF - 
Some Indirect 0.28 0.99 0.175 (-0.147 - 0.497) 0.42 1.00 0.122 (-0.175 - 0.419) 

FF + HMF 0.87 0.99 -0.026 (-0.336 - 0.284) 0.41 1.00 -0.119 (-0.405 - 0.166) 
Only FF 0.56 0.99 0.104 (-0.246 - 0.453) 0.32 1.00 0.166 (-0.165 - 0.496) 

MCP-2 

Only HMF - 
Some Indirect 0.86 0.99 -0.028 (-0.350 - 0.293) 0.78 1.00 -0.046 (-0.372 - 0.28) 

FF + HMF 0.69 0.99 -0.062 (-0.372 - 0.248) 0.72 1.00 -0.058 (-0.371 - 0.256) 
Only FF 0.29 0.99 0.187 (-0.163 - 0.537) 0.31 1.00 0.188 (-0.175 - 0.550) 

MCP-3 

Only HMF - 
Some Indirect 0.49 0.99 0.114 (-0.208 - 0.436) 0.81 1.00 0.027 (-0.198 - 0.252) 

FF + HMF 0.90 0.99 -0.020 (-0.330 - 0.290) 0.07 1.00 -0.199 (-0.415 - 0.017) 
Only FF 0.19 0.99 -0.234 (-0.584 - 0.115) 0.43 1.00 -0.099 (-0.349 - 0.150) 

MCP-4 

Only HMF - 
Some Indirect 0.51 0.99 0.108 (-0.215 - 0.431) 0.59 1.00 0.088 (-0.236 - 0.413) 

FF + HMF 0.93 0.99 0.014 (-0.298 - 0.325) 0.87 1.00 0.026 (-0.286 - 0.337) 
Only FF 0.74 0.99 -0.06 (-0.411 - 0.291) 0.82 1.00 -0.042 (-0.403 - 0.318) 

MMP-1 

Only HMF - 
Some Indirect 0.80 0.99 0.041 (-0.28 - 0.363) 0.92 1.00 0.016 (-0.307 - 0.339) 

FF + HMF 0.56 0.99 0.091 (-0.218 - 0.401) 0.65 1.00 0.071 (-0.24 - 0.381) 
Only FF 0.55 0.99 -0.105 (-0.454 - 0.244) 0.38 1.00 -0.162 (-0.521 - 0.197) 

MMP-10 

Only HMF - 
Some Indirect 0.44 0.99 0.126 (-0.197 - 0.449) 0.60 1.00 0.087 (-0.236 - 0.410) 

FF + HMF 0.50 0.99 0.106 (-0.205 - 0.418) 0.38 1.00 0.139 (-0.171 - 0.450) 
Only FF 0.82 0.99 0.040 (-0.311 - 0.392) 0.80 1.00 0.047 (-0.312 - 0.406) 

NT-3 

Only HMF - 
Some Indirect 0.96 0.99 -0.009 (-0.332 - 0.314) 0.85 1.00 -0.032 (-0.357 - 0.293) 

FF + HMF 0.78 0.99 -0.044 (-0.355 - 0.267) 0.64 1.00 -0.074 (-0.386 - 0.238) 
Only FF 0.47 0.99 -0.129 (-0.480 - 0.223) 0.45 1.00 -0.140 (-0.500 - 0.221) 

OPG Only HMF - 
Some Indirect 0.89 0.99 -0.023 (-0.345 - 0.299) 0.98 1.00 -0.003 (-0.327 - 0.321) 
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FF + HMF 0.29 0.99 -0.166 (-0.476 - 0.144) 0.23 1.00 -0.190 (-0.502 - 0.121) 
Only FF 0.59 0.99 -0.096 (-0.446 - 0.254) 0.50 1.00 -0.124 (-0.485 - 0.236) 

OSM 

Only HMF - 
Some Indirect 0.81 0.99 0.039 (-0.283 - 0.361) 0.60 1.00 -0.062 (-0.294 - 0.170) 

FF + HMF 0.84 0.99 0.031 (-0.279 - 0.342) 0.28 1.00 -0.122 (-0.345 - 0.101) 
Only FF 0.34 0.99 -0.169 (-0.519 - 0.181) 0.50 1.00 -0.088 (-0.346 - 0.17) 

PD-L1 

Only HMF - 
Some Indirect 0.51 0.99 0.108 (-0.216 - 0.432) 0.83 1.00 0.034 (-0.287 - 0.355) 

FF + HMF 0.83 0.99 0.033 (-0.279 - 0.346) 0.97 1.00 0.006 (-0.303 - 0.314) 
Only FF 0.89 0.99 0.026 (-0.326 - 0.378) 0.92 1.00 0.017 (-0.339 - 0.374) 

SCF 

Only HMF - 
Some Indirect 0.88 0.99 -0.025 (-0.345 - 0.296) 0.97 1.00 0.005 (-0.315 - 0.326) 

FF + HMF 0.19 0.99 0.208 (-0.101 - 0.517) 0.26 1.00 0.178 (-0.130 - 0.486) 
Only FF 0.08 0.99 0.311 (-0.037 - 0.66) 0.06 1.00 0.342 (-0.014 - 0.698) 

SIRT2 

Only HMF - 
Some Indirect 0.88 0.99 -0.025 (-0.349 - 0.299) 0.75 1.00 -0.052 (-0.370 - 0.266) 

FF + HMF 0.99 1.00 0.001 (-0.311 - 0.313) 0.80 1.00 -0.040 (-0.346 - 0.266) 
Only FF 0.37 0.99 -0.159 (-0.511 - 0.193) 0.26 1.00 -0.204 (-0.557 - 0.149) 

SLAMF1 

Only HMF - 
Some Indirect 0.25 0.99 0.186 (-0.134 - 0.505) 0.24 1.00 0.190 (-0.131 - 0.510) 

FF + HMF 0.18 0.99 -0.211 (-0.519 - 0.096) 0.17 1.00 -0.214 (-0.522 - 0.094) 
Only FF 0.69 0.99 -0.071 (-0.418 - 0.276) 0.40 1.00 -0.151 (-0.508 - 0.205) 

ST1A1 

Only HMF - 
Some Indirect 0.53 0.99 -0.101 (-0.419 - 0.217) 0.69 1.00 -0.061 (-0.363 - 0.241) 

FF + HMF 0.81 0.99 0.038 (-0.268 - 0.345) 0.86 1.00 0.027 (-0.264 - 0.317) 
Only FF 0.28 0.99 -0.191 (-0.536 - 0.155) 0.33 1.00 -0.167 (-0.503 - 0.169) 

STAMBP 

Only HMF - 
Some Indirect 0.87 0.99 0.027 (-0.297 - 0.351) 0.97 1.00 0.006 (-0.318 - 0.33) 

FF + HMF 0.71 0.99 0.059 (-0.253 - 0.371) 0.69 1.00 0.063 (-0.249 - 0.374) 
Only FF 0.61 0.99 -0.092 (-0.445 - 0.260) 0.36 1.00 -0.167 (-0.527 - 0.193) 

TGF-ɑ 

Only HMF - 
Some Indirect 0.94 0.99 0.012 (-0.311 - 0.335) 0.89 1.00 -0.022 (-0.325 - 0.281) 

FF + HMF 0.70 0.99 -0.060 (-0.371 - 0.251) 0.59 1.00 -0.080 (-0.371 - 0.211) 
Only FF 0.41 0.99 -0.148 (-0.499 - 0.203) 0.67 1.00 -0.073 (-0.41 - 0.264) 

TNF 

Only HMF - 
Some Indirect 0.40 0.99 0.137 (-0.184 - 0.459) 0.47 1.00 0.120 (-0.204 - 0.444) 

FF + HMF 0.95 0.99 0.009 (-0.301 - 0.319) 0.95 1.00 -0.010 (-0.321 - 0.301) 
Only FF 0.68 0.99 0.073 (-0.276 - 0.422) 0.42 1.00 0.147 (-0.213 - 0.507) 

TNFB 

Only HMF - 
Some Indirect 0.74 0.99 0.054 (-0.269 - 0.377) 0.75 1.00 0.052 (-0.272 - 0.376) 

FF + HMF 0.30 0.99 -0.164 (-0.476 - 0.147) 0.38 1.00 -0.139 (-0.451 - 0.172) 
Only FF 0.76 0.99 -0.053 (-0.405 - 0.298) 0.55 1.00 -0.110 (-0.470 - 0.250) 

TNFRSF9 

Only HMF - 
Some Indirect 0.91 0.99 0.018 (-0.305 - 0.340) 0.70 1.00 -0.063 (-0.382 - 0.256) 

FF + HMF 0.99 1.00 -0.002 (-0.313 - 0.309) 0.90 1.00 -0.019 (-0.325 - 0.288) 
Only FF 0.47 0.99 0.128 (-0.223 - 0.478) 0.58 1.00 0.101 (-0.253 - 0.455) 

TNFSF14 

Only HMF - 
Some Indirect 0.89 0.99 0.023 (-0.298 - 0.344) 0.92 1.00 -0.014 (-0.267 - 0.240) 

FF + HMF 0.75 0.99 0.051 (-0.259 - 0.36) 0.63 1.00 -0.06 (-0.303 - 0.183) 
Only FF 0.77 0.99 -0.052 (-0.401 - 0.297) 0.92 1.00 0.014 (-0.267 - 0.296) 

TRAIL 

Only HMF - 
Some Indirect 0.56 0.99 -0.097 (-0.419 - 0.226) 0.53 1.00 -0.103 (-0.425 - 0.219) 

FF + HMF 0.87 0.99 -0.026 (-0.337 - 0.285) 0.87 1.00 0.027 (-0.283 - 0.336) 
Only FF 0.26 0.99 0.202 (-0.149 - 0.552) 0.23 1.00 0.221 (-0.137 - 0.579) 

TRANCE 

Only HMF - 
Some Indirect 0.78 0.99 -0.045 (-0.366 - 0.276) 0.70 1.00 -0.064 (-0.389 - 0.262) 

FF + HMF 0.76 0.99 0.047 (-0.262 - 0.357) 0.77 1.00 0.047 (-0.266 - 0.360) 
Only FF 0.58 0.99 0.098 (-0.251 - 0.447) 0.43 1.00 0.144 (-0.218 - 0.506) 

TWEAK 

Only HMF - 
Some Indirect 0.47 0.99 -0.117 (-0.438 - 0.204) 0.34 1.00 -0.156 (-0.479 - 0.166) 

FF + HMF 0.22 0.99 -0.193 (-0.502 - 0.116) 0.13 1.00 -0.238 (-0.548 - 0.072) 
Only FF 0.15 0.99 -0.254 (-0.602 - 0.095) 0.09 1.00 -0.311 (-0.670 - 0.048) 
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uPA 

Only HMF - 
Some Indirect 0.17 0.99 -0.226 (-0.548 - 0.096) 0.20 1.00 -0.198 (-0.503 - 0.108) 

FF + HMF 0.79 0.99 -0.042 (-0.353 - 0.268) 0.49 1.00 -0.104 (-0.398 - 0.190) 
Only FF 0.74 0.99 -0.059 (-0.409 - 0.291) 0.43 1.00 -0.138 (-0.478 - 0.202) 

VEGFA 

Only HMF - 
Some Indirect 0.95 0.99 0.011 (-0.310 - 0.333) 0.67 1.00 -0.068 (-0.386 - 0.249) 

FF + HMF 0.85 0.99 -0.030 (-0.340 - 0.279) 0.60 1.00 -0.082 (-0.387 - 0.224) 
Only FF 0.12 0.99 -0.279 (-0.629 - 0.070) 0.14 1.00 -0.267 (-0.620 - 0.087) 

**46 infants had an NA value for FGF-5. 
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