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Abstract

Background: There is growing evidence that exposure to low-grade inflammation may be 

associated with adverse health outcomes.

Methods: We conducted a cross-sectional study within the California Teachers Study prospective 

cohort, among female participants who had completed a questionnaire that asked about their 

health behaviors (e.g., diabetes, physical activity, body mass index, medication use) and who 

had donated blood within a year of their questionnaire. 822 women with stored serum were 

evaluated for 16 immune biomarkers. In addition, four immune pathways were constructed: 

Th1, pro-inflammatory/macrophage activation, B-cell activation, and T-cell activation. Odds ratios 

Author contact information: Sophia S. Wang, Ph.D., Professor, Division of Health Analytics, Department of Computational 
and Quantitative Medicine City of Hope Biomedical Research Center, Room 2004, 1218 S. Fifth Avenue, Monrovia, CA 91016, 
sowang@coh.org, Phone: (626) 218-6839. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review 
of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered 
which could affect the content, and all legal disclaimers that apply to the journal pertain.

The authors declare no potential conflicts of interest

Statement of Ethics
The CTS is approved by Institutional Review Boards of the City of Hope, the University of Southern California, the University of 
California (UC) at San Francisco, and UC Irvine, and by the Committee for the Protection of Human Subjects of the California Health 
and Human Services Agency. Informed consent was obtained at study entry.

Declaration of interests
The authors declare that they have no known competing financial interests or personal relationships that could have appeared to 
influence the work reported in this paper.

HHS Public Access
Author manuscript
Cytokine. Author manuscript; available in PMC 2023 January 01.

Published in final edited form as:
Cytokine. 2022 January ; 149: 155726. doi:10.1016/j.cyto.2021.155726.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(ORs) and 95% confidence intervals (CI) for the association between host characteristics and 

immune biomarkers were assessed using logistic regression models.

Result: Compared to women of a normal BMI, obese women (>30 kg/m2) were positively 

associated with sTNFR2, CD27, IL6, CXCL13, sIL-2Rα, and IL6Ra levels above the median, 

with odds ratios ranging from 1.5–6.0. The pro-inflammatory/macrophage activation pathway 

was positively associated with diabetes (OR=2.12, 95% CI=1.14–3.95), fueled by individual 

associations between diabetes and sTNF-R2, TNFα and sCD27. Physical activity was inversely 

associated with sTNF-R2, TNFα, CXCL13, IL6, IL10, and IFN-γ levels, particularly for the 

highest category of activity (5.88+ hours/week) (ORs=0.32–0.69). In pathway-based analyses, the 

Th1 pathway which includes decreased levels of IL4 and IL10 was positively associated with 

elevated physical activity (OR=1.5). In contrast, the pro-inflammatory, B- and T-cell activation 

pathways were positively associated with higher BMI (OR ranging from 1.6–3) and inversely 

associated with increasing levels of physical activity.

Conclusions: Several host characteristics were associated with circulating levels of immune 

biomarkers, including markers of inflammation. Further understanding of associations between 

immune marker profiles with human disease are warranted.

Introduction

Immune dysregulation and chronic inflammation are recognized as key biological processes 

in the etiology of cancers, cardiovascular diseases, and diabetes. Inflammatory responses 

can involve the stimulation of macrophages and T cells, and are associated with the 

expression of pro-inflammatory cytokines (IL-1, IL-6, TNFα), chemokines (IL-8, CXCL13), 

and other immune biomarkers (CRP, sIL-6R, sGP130, sIL-2Rα, sTNF-R2) (1). In cancer, 

chronic inflammation is considered an “enabling characteristic” whereby it creates a tumor 

microenvironment that permits tumor survival and proliferation (2–6). There is evidence 

linking elevated levels of IL-10 and IL-6 associated with AIDS-related non-Hodgkin 

lymphoma (NHL) (7–9) and NHL (10, 11). In type 2 diabetes, it is hypothesized that insulin 

resistance is provoked by inflammatory macrophages (12). In population-based studies, 

increases in levels of specific inflammatory markers, including CRP and IL-6, have been 

linked to the development of diabetes (13–16). Similarly, elevated levels of IL-6 and TNFα 
and CRP have been shown to be prognostic markers of cardiovascular disease (CVD) 

outcomes (17–19) and all-cause mortality (20).

In addition to research that has been conducted linking immune markers to health outcomes 

and prognosis, there is a growing number of studies linking expression of these markers to 

host characteristics and risk factors, many of which are shared across health outcomes. 

A growing number of studies have linked expression of cytokine and other immune 

markers with various demographic and host characteristics. For example, a study of healthy 

women reported significantly elevated levels of TNFα, IL-1β, IL-2, sIL-2Rα, IL-10, 

and IL-12p40/70 associated with increased age and body mass index (21). McKay and 

colleagues reported significantly higher concentrations of specific individual biomarkers 

associated with hypertension, obesity, and diabetes among 250 HIV-uninfected men in 

the Multicenter AIDS Cohort Study (22). The assessment of cytokine production/levels 

can thus provide important insight into which host characteristics contribute towards 
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immune responses or chronic inflammatory environment that may increase susceptibility 

to a multitude of health outcomes. Validated laboratory-based multiplex assays have now 

been established for measuring host immune markers in large-scale epidemiologic studies, 

enabling characterization of immune responses on a population level.

Here, we present immune marker measurements from 16 markers, among 822 women in the 

California Teachers Study prospective cohort for whom health and health behaviors were 

assessed within a year of their blood collection. Among this subset of study participants, 

we evaluated immune biomarker profiles with common host characteristics, including body 

mass index, diabetes, physical activity, and selected medication use.

Methods

Study Population

The California Teachers Study (CTS) is a large prospective cohort recruited from active 

or retired teachers and members of the California State Teachers Retirement System in 

1995. Complete details of the cohort have been published previously (23). A total of 

64,476 women responded to a follow-up questionnaire that was conducted in 2012–2015. 

A large biobanking effort was conducted concurrent to the follow-up questionnaire, from 

2014–2016, which included a total of 13,930 blood samples. Among these samples, we 

evaluated serum from 822 unique participants that completed the 2012–2015 questionnaire, 

were cancer free, and had provided a blood sample within a year of completing their 

questionnaire.

Host characteristics

We evaluated host factors assessed by self-reported follow-up questionnaire which was 

administered concurrently to the biobanking effort: age, NSAID use (none, 1/week, >1/

week), statin use (none, >1/week), hormone therapy use (never, ever), BMI (15–24; 25–29; 

30+ kg/m2), moderate/strenuous physical activity (0–2.37; 2.38–5.88; 5.88+ hours/week), 

diabetes (no, yes). Host characteristics were compared between the population subset that 

had cytokine measurements, blood collected, and completed the follow-up questionnaire 

(Supplemental Table 1). We note that the 822 participants were originally selected as 

part of a larger study on sleep characteristics. Although this subpopulation thus possess 

a wide range of sleep distribution (e.g., hours/night), Supplemental Table 1 shows that their 

general demographic characteristics do not differ from that of the overall population of the 

population subset that donated biospecimens. We further note that hormone use was queried 

and thus evaluated for the subset of participants who were post-menopausal.

Immune marker determination

Serum aliquots (250 ul) which have never been thawed, were shipped overnight to the 

Martinez-Maza laboratory at the University of California at Los Angeles (UCLA) for 

immune marker testing. Serum aliquots were tested using multiplexed immunometric assays 

(Luminex platform) and a Bioplex 200 system (Bio-Rad). Specifically, testing was done 

using two Luminex panels (R&D Systems): a panel for human inflammatory cytokines 

(Human Biomarker A), which included IL-1β, IL-2, IL-4, IL-6, IL-8, IL-10, IFNγ & TNFα, 
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and a panel for soluble receptors and chemokines (Soluble Receptor Human Panel), which 

included B-cell activating factor of the TNF family (BAFF, also known as B lymphocyte 

stimulator, BLyS, or TNFSF13B), CXCL13 (also known as B lymphocyte chemoattractant, 

BLC, or B cell-attracting chemokine 1, BCA-1), soluble CD14 (sCD14), soluble CD27 

(sCD27, also known as TNFRSF7), soluble GP130 (sGP130), sIL-2Rα (also known as 

sCD25), soluble IL-6 receptor (sIL-6Rα), and soluble TNF-R2 (sTNFR2, also known as 

TNFRSF1B). Specimens were handled in the same batch, with pairs of quality control (QC) 

specimens interspersed randomly in each batch (approximately 10% of samples) to monitor 

assay performance. 10% of the participants (n=83) were tested in duplicates with a subset 

of those (n=19) tested in triplicates, permitting calculation of coefficient of variations (CVs) 

for a total of 926 samples tested. The lower limit of detection (LLD) for each biomarker was 

set either as the lowest value that could be calculated or the lowest value of the standard 

curve, whichever was smaller. All laboratory personnel were blinded to the status of the 

host characteristics of the samples. Additional assay details including the LLD and CVs are 

presented in Supplemental Tables 2 and 3.

Laboratory QC values along with respective inter and intra plate CV values were calculated 

(Supplemental Table 2). All samples were conducted in a single batch. Inter-plate coefficient 

of variance (CV, expressed in %s) are thus calculated to ensure that there are no significant 

variances between the different plates in which the assays were conducted and that 

independent values from all plates can be evaluated together. The overall CVs for the 

immune markers ranged from 5.18% (sTNFR2) to 27% (IL-6). For immune markers with 

overall CVs >10% (CXCL13, sCD14, IL-6, TNFα), within-batch CVs were all <10%. For 

each plate of samples tested for a given analyte, a biomarker- and plate-specific lower limit 

of detection (LLD) was defined (Supplemental Table 3). Observations below the lower limit 

of detection (LLD) were assigned a value of one-half the plate-specific LLD for that marker. 

In addition, extrapolated values <0.1pg/mL were considered unreliable and were similarly 

assigned a value of one-half the plate-specific LLD for that marker.

Statistical analysis

We created natural log-transformed values of each cytokine for continuous analyses. 

Logistic regression was conducted and odds ratio (OR) and 95% confidence intervals (95% 

CI) were calculated for the association for each log-unit increase of the cytokine with the 

host factors, adjusted for age. We then categorized participants on whether they had less 

than or greater than the median level of each individual cytokine (Supplemental Table 2). 

For cytokines with less than 50% detection levels, participants were classified on whether 

they had detectable levels of that cytokine (IL-2, IL-4, IFNγ). Logistic regression was 

conducted, OR and 95% CI calculated, to evaluate the association between the categorized 

cytokine and host characteristics, adjusted for age. Cochran-Armitage tests for trend were 

conducted for host characteristics with >2 categories in SAS. Summary figures showing ORs 

and 95% CIs for each immune marker by host characteristic were created in R 3.6.1 using 

the ggplot2 package. Specifically, risk associated with 1-unit increase in biomarkers on the 

natural log scale were constructed for: BMI, diabetes, and physical activity. For the purposes 

of the figure, BMI and physical activity were retained as ordinal variables, so that the ORs 
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presented reflect the risk for each unit/category of BMI and physical activity with a 1-unit 

increase in biomarker (Figure 1).

We repeated these analyses based on immune pathways; Th1 (defined as elevated IFNγ 
and decreased levels of IL10 and IL14), pro-inflammatory/macrophage activation (defined 

as elevated levels of TNF, sTNFR2, IL-6, IL-1, IL-8, sIL-6Rα, IL-10, sCD14), B-cell 

activation (defined as elevated levels of BAFF, IL-10, IL-4, IL-6, sCD27, CXCL13), and 

T-cell activation (defined as elevated levels of IL-2, sIL-2Rα, IFNγ, IL4, IL6). For each 

pathway, the distribution (and median) of the number of elevated immune markers was 

determined based on the presence of each marker defined above. Each pathway was 

dichotomized based on the median number of elevated immune markers; those above the 

median number of markers present were defined as exerting the specific pathway versus not 

having characteristics of that pathway (e.g., below median). Specific associations between 

host characteristics and these immune pathways were calculated.

Based on univariate results, multivariate models were subsequently constructed, with 

inclusion as covariates, all host characteristics that were statistically significantly associated 

with immune markers in the univariate analyses. Stratified analyses by age (<65 and 65+ 

years old) were also conducted. All statistical tests were 2-sided and conducted using SAS 

9.4 (SAS Institute Inc., Cary, NC).

Results

Compared to the eligible cohort for whom blood was collected (n=13,930), the subset of 

participants in this sub-study were younger, less likely to be non-Hispanic White, engaged 

in less physical activity, and had higher prevalence of diabetes (Supplemental Table 1). 

However, compared to the entire cohort population, this population subset had a similar 

distribution of physical activity.

In univariate analyses, a subset of immune markers appeared to track together with multiple 

host characteristics. Specifically, sTNFR2, TNFα, sCD27, sIL-2Rα, BAFF, and IL-6 levels 

were elevated among those with higher BMI, had diabetes, and used statins; decreased 

levels of the same immune markers were associated with higher levels of physical activity 

(Supplemental Table 4). As shown in Figure 1, magnitudes of risk from highest to lowest 

were: sTNFR2, sCD27, sIL-2Rα, TNFα, and IL-6. No associations with any immune 

marker were observed with hormone therapy and it was thus not included in subsequent 

multivariate models. In multivariate analyses, these associations were largely consistent 

in their direction, but not all associations remained statistically significant. Compared to 

women of a normal BMI, those that were obese (>30 kg/m2) were positively associated 

with levels above the median for the following immune markers: sTNF-R2 (OR=2.90, 

95% CI=1.82–4.63), CD27 (OR=1.56, 95% CI=1.00–2.44), IL-6 (OR=6.48, 95% CI=3.86–

10.8), sIL-2Rα (OR=2.6, 95% CI=1.64–4.12), and IL-6Rα (OR=1.54, 95% CI=1.00–2.39) 

(Table 1). Having diabetes was positively associated with sTNF-R2, TNFα and sCD27 

levels above the median with odds ratios ≥2. Physical activity was inversely associated 

with TNFα (OR=0.58, 95% CI=0.40–0.85), CXCL13 (OR=0.55, 95% CI=0.38–0.81), IL-6 

(OR=0.45, 95% CI=0.30–0.66), IL10 (OR=1.54, 95% CI=1.00–2.39), and IFN-γ (OR=0.32, 
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95% CI=0.11–0.92), for the highest category of activity (5.88+ hours/week). Notably, 

contrary to initial univariate analyses, no associations with statins were observed with any 

of the immune markers in multivariate analyses; no associations between any of the host 

characteristics and BAFF were also observed in multivariate analyses.

In age-stratified analyses, we note that although associations among diabetes were largely 

consistent in the two age strata (<65 and 65+ years old), the magnitude of risk among the 

<65 year old strata was more pronounced (e.g., TNF-α OR=4.37) than those 65+ years 

old (TNF-α OR=1.98). We further note that statins use follows the same pattern whereby 

associations were only apparent among the <65 years old age strata (data not shown). The 

lack of an association between statins and immune markers in the multivariate analyses 

could potentially be explained by its close link to diabetes and obesity. Among the 77 

diabetics in our population subset, 76% reported being on statins and 66% had a BMI 

considered obese.

Evaluation by a priori defined immune pathways showed that pro-inflammatory/macrophage 

activation, B-cell activation, and T-cell activation markers were positively associated 

with higher BMI and inversely associated with higher physical activity (Table 2). 

In multivariate analyses of pathway-based analyses, obesity was positively associated 

with pro-inflammatory/macrophage activation (OR=1.66, 95% CI=1.05–2.61), B-cell 

activation (OR=2.08, 95% CI=1.32–3.25), and T-cell activation (OR=2.85, 95% CI=1.79–

4.55) pathways. On the contrary, physical activity was inversely associated with pro-

inflammatory/macrophage, B-, and T-cell activation markers with ORs of 0.66, 0.52, 

and 0.57 for the highest category of physical activity. Notably, the Th1 pathway which 

includes decreased levels of IL10 was associated with an OR of 1.5 for increased physical 

activity for both higher strata of moderate/strenuous activity. Only the pro-inflammatory/

macrophage activation pathway was positive associated with diabetes (OR=2.12, 95% 

CI=1.14–3.95). Associations across each of the implicated pathways are largely explained 

by their composition of immune markers which have individually been implicated in risk 

associations (e.g., TNFα, sTNFR2, and IL-6 in pro-inflammatory/macrophage activation; 

IL-6 and sCD27 in B-cell activation, and sIL-2Rα and IL-6 in T-cell activation).

Discussion

Our results support the existing body of literature that has implicated the elevation of 

inflammatory cytokines in obese and diabetic individuals. Within a cohort of women, we 

further expand these observations to other immune markers and related health conditions, 

thereby providing a generalizable context for our results. Specifically, we observed a 

subset of immune markers (IL-6, sTNFR2, sCD27, sIL-2Rα), including pro-inflammatory 

cytokines (e.g., IL-6), to have elevated serum levels among study participants who reported 

higher BMI and specifically were obese. We also observed a smaller subset of markers 

(TNF-R2, TNF-α, sCD27) that were statistically significantly associated with diabetes in 

multivariate analyses. For obesity, magnitudes of risk were highest (>2.5) for IL-6, sTNFR2 

and sIL-2Rα. Associations with diabetes were all ~2-fold. Inverse associations with the 

same subset of immune markers was observed among those reporting higher levels of 

physical activity at the time of blood draw.
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Our results for the pro-inflammatory cytokine IL-6 associated with obesity is consistent 

with the current literature; although we observed an association between elevated IL-6 

and diabetes in univariate analyses, the risk was no longer significant in our multivariate 

analyses. It is well established that adipose tissues produce large quantities of inflammatory 

markers, such as IL-6 (24). The link between IL-6 and obesity and diabetes has been 

extensively studied and plays a central role in inflammation (25). Levels of IL-6 and TNFα 
have also been shown to be elevated in circulating serum in a number of populations 

among obese population subsets (21, 22, 26–31), including in both men and women and 

among young adults. In particular, our results for IL-6 are consistent with Dossus (32), 

where among nearly 800 European women, IL-6 and TNFα were associated with higher 

BMI. Although the univariate association between TNF-α and BMI in our data was no 

longer significant in multivariate analyses, we note that the TNF-R2 association with obesity 

remained robust. Because sTNFR2 serves as a surrogate (a more readily detectable marker 

for TNFα expression), our observed association between sTNFR2 and obesity thus can 

be considered consistent with the published literature. Our reported positive association 

between diabetes and TNFα is also consistent with the current literature (13, 33–35) where 

associations have also been reported in both men and women, and in a recent meta-analysis 

(36). In the EPIC-Potsdam study of type 2 diabetes (29), TNFα levels were elevated among 

study participants with incident type 2 diabetes. However, the same study also reported 

elevated levels of IL-6 and diabetes, which we did initially observe in univariate but not in 

subsequent multivariate analyses. The associations with IL6, TNF, and sTNFR2 likely drive 

the pathway-based associations observed with pro-inflammatory/macrophage activation, of 

which inflammatory macrophage is notedly associated with diabetes (12). We also observed 

significant positive associations between obesity and broader pathways, including the B-cell 

and T-cell activation pathways. In addition to being driven by IL6, the observed association 

between sIL-2Rα and obesity potentially further expands the role beyond inflammation to 

T-cell activation; in addition to being a measure of T-cell activation, sIL-2Rα is also a 

marker of memory B cells (1). Our data are consistent with the notion posited by Spranger 

and colleagues, who stated that inflammatory reactions resulting in disease may depend on a 

cluster of cytokines rather than single cytokines (37).

It is worth noting that among these associations, we observed prominent associations with 

three members of the TNF or TNF-receptor superfamily: TNFα, TNFR2, and CD27. TNFα 
is a pro-inflammatory cytokine produced by activated macrophages, and TNFR2 is one of 

two primary receptors for TNFα. Serum levels of sTNFR2 are correlated with TNFα levels 

and activity. Less has been published on CD27, but as a member of the TNF-receptor 

superfamily and a key protein for maintaining T cell immunity and regulating B-cell 

activation, further investigation on the role of the TNF and TNF-receptor superfamilies 

may be warranted in understanding its role in chronic inflammation in common disease 

endpoints.

A number of studies evaluating the influence of physical activity on inflammatory markers 

has focused on intense physical activity and the immediate effects of elevated inflammatory 

immune cytokines, particularly IL-6 (38, 39). Our results thus add to the current literature 

demonstrating biological benefits of moderate and strenuous physical activity whereby 

inverse associations were observed between inflammatory immune markers and physical 
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activity reported over the last three years. In fact, physical activity was associated inversely 

with IL-6 levels with the largest magnitude. Our results are somewhat consistent with those 

reported by Radom-Aizik (40) where suppression of serum levels for TNFα in both human 

and mouse models was observed with elevated physical activity levels. While Radom-Aizik 

also observed suppression of IL2 levels, we did not observe significant reduction in IL2 

with elevated physical activity levels in our population subset. Our results do extend the 

immediate effects observed by El Kader (41) of decreased mean values of IL-6 among obese 

and type 2 diabetic patients after receiving aerobic exercise training and that of Cottam (42) 

where TNFα and IL-6 levels were also significantly decreased among patients undergoing 

weight loss surgery. Our results, however, did not show decreased IL-2 or IL-4 levels with 

physical activity as shown in El Kader (41) or with weight loss for IL-2 in Cottam (42). We 

also note that in our study, sCD14 levels were reduced with higher reported physical activity, 

consistent with by Markofski (43). The decreased levels of IL-10 was contrary to our 

hypothesis. IL-10 is an anti-inflammatory cytokine and multiple studies have demonstrated 

elevated IL-10 levels corresponding to a variety of physical activities including acute 

exercise and among marathon runners (47). In pathway analyses, the corresponding Th1 

pathway which was defined as elevated IFNγ and decreased levels of IL-4 and IL-10 was 

associated with increasing levels of physical activity. It is not readily apparent why our 

results for IL-10 were opposite than expected. It is possible that our results may differ due to 

our population of only women or perhaps due to the long-term and more moderate activity 

captured in our population compared to the intensity of activity where immune correlates 

have more traditionally been captured. We also cannot exclude the possibility of insufficient 

power or that our result is due to chance.

Our results reflecting associations between statins and elevated immune markers was 

initially surprising when we had hypothesized that the reported regular use of statins and 

NSAIDs would potentially yield an inverse association. As described in the results, those 

associations were no longer statistically significant in multivariate models, likely due to the 

major overlap between participants who reported having diabetes, using statins, and those 

who were obese. Among our diabetic population, three-quarters use statins and two-thirds 

are obese. Statins use thus likely reflects the associations between obesity and diabetes, 

making our results consistent with the null associations reported by Cimato and Palka (45, 

46) who found no difference in cytokines with statin use and posited the relationship was 

confounded by the characteristics of those who takes statins for the underlying CVD and 

hypercholesterolemia (44, 45). NSAIDs are recognized to suppress cytokine production 

but as in Terink (39), we also observed no associations between NSAID use and any of 

our immune markers. It is possible that other associations such as physical activity may 

outweigh the impact of anti-inflammatory medication on cytokine levels in our population

Study strengths include the relatively broad number of host characteristics that were 

collected at the time of blood draw and account for the characteristics simultaneously 

in multivariate models. In addition to obesity and diabetes, we were able to account for 

medication use, particularly NSAID and statins, and physical activity. We further excluded 

potential confounding by acute illnesses at the time of blood draw. Our population subset is 

a relatively large group for assessing healthy individuals and our broad scope of immune 

markers permitted us to construct distinct immune pathways from which to evaluate. 
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This analytic approach enabled us to combine individual immune markers into singular 

measurements to implicate specific immune pathways with enhanced power. Finally, the 

study utilized standardized specimen collection, processing and storage protocols to ensure 

uniform measurements downstream. Specimens were thus unthawed and treated uniformly 

by being sent directly to and analyzed by a single laboratory to minimize assay variability.

Study limitations include the inclusion of women only, though we note several of our 

associations reported were consistent with previously reported studies among different 

populations, including men. We also cannot exclude the possibility that some of the 

associations reported are explained by chance.

In summary, our study results add to the growing literature on host characteristics and 

their effect on immune markers and cytokines, particularly regarding the hypothesis that 

conditions such as obesity and diabetes result in chronic low-grade systemic inflammation. 

While our results appear to support this hypothesis, we do note that in our a priori 

classification of immune markers, not all proinflammatory markers (including sIL-6Rα) 

were elevated with higher BMI or diabetes, or decreased with physical activity. Continued 

research in understanding the interplay between individual immune markers and between 

pathways should increase our understanding of biological processes that underlie these host 

characteristics and disease entities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Obesity was positively associated with elevated levels of pro-inflammatory 

cytokines, including IL6, sCD27 and sTNFR2.

• Having diabetes was positively associated with the pro-inflammatory/

macrophage activation pathway.

• Strenuous/moderate physical activity was inversely associated with detectable 

levels of immune markers, including sTNF-R2, TNFα and IL6.
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Figure. 
Risk associated with 1-unit increase in biomarkers on the natural log scale (OR=box, 95% 

CI=bar) for: BMI, diabetes, statin use, and physical activity.
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