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Abstract

Several biological mechanisms linking physical activity with cancer have been proposed. 

However, the influence of specific components of physical activity (volume, type and intensity), 

and their interaction with adiposity and diet, on cancer-related biomarkers remain unclear. We 

used cross-sectional data on 7,219 men in the Health Professionals Follow-up Study (1992–1994) 

with C-reactive protein (CRP), interleukin 6 (IL6), tumor necrosis factor α receptor 2 (TNFαR2), 

adiponectin, C-peptide and triglycerides/high-density lipoprotein cholesterol ratio (TG/HDL). 

Details on physical activity, diet and adiposity were assessed by questionnaires. We used 

multivariable-adjusted linear regression analyses to estimate relative concentrations of biomarkers 

by physical activity. Total physical activity was favorably associated with all biomarkers in a fairly 

linear manner. Comparing the highest (63+ metabolic equivalent (MET)-h/week) to the lowest (0 

to 9 MET-h/week) physical activity groups, the percent relative difference in concentration of 

biomarkers was −31% for CRP, −22% for IL6, −8% for TNFαR2, +9% for adiponectin, −22% for 

C-peptide, and −20% for TG/HDL. These differences were modestly attenuated after adjustment 

for adiposity. For the same total MET-hours of physical activity, the association was stronger for 

men engaging in both aerobic and resistance exercises compared to those engaging in aerobic only. 

However, no difference was found between those engaging in vigorous activities (≥20% of total 

MET-hours) compared to those who did smaller amount of vigorous activities. Physical activity 

showed similar associations for these biomarkers regardless of adiposity and dietary pattern. In 

conclusion, high physical activity, preferably aerobic plus resistance training, was associated with 

favorable cancer-related biomarkers.
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Introduction

Deciphering the role of physical activity on cancer prevention is of high interest.1 Currently, 

convincing evidence from epidemiological studies supports the association between physical 

activity and cancers of the colon and breast, and possibly endometrium.2–4 Recently, 

findings from a pooled data from 12 prospective cohort studies including 1.44 million 

participants suggested a protective effect of physical activity on 13 types of cancers.5 Most 

of these cancers (esophageal adenocarcinoma, gallbladder, liver, kidney, small intestine, 

gastric cardia, endometrial, myeloid leukemia, myeloma, colon, rectum, breast, and non-

hodgkin lymphoma) are known to be associated with higher body fatness,6, 7 which is the 

major candidate for mediating the association between physical activity and cancer risk.1, 8, 9 

To explore the biological mechanisms of these associations is important to better understand 

effects of physical activity on cancer risk.9

Several biological mechanisms linking physical activity and cancer have been proposed. 

High physical activity is associated with long-term weight management and control10 and 

lower visceral adiposity,11 which may reduce levels of several metabolic and endocrine 

biomarkers involved in carcinogenesis.1, 7, 8, 12, 13 For instance, adiposity is associated with 

insulin resistance and elevated fasting insulin, which stimulate cell proliferation and inhibit 

apoptosis.7, 12–14 Obesity-associated inflammation may also promote tumorigenesis and 

disease progression.7, 12–14 Of note, fasting biomarkers of inflammation (e.g., C-reactive 

protein (CRP), interleukin-6 (IL6), adiponectin, tumor necrosis factor alpha receptor 2 

(TNFαR2)) and insulin response (e.g., C-peptide, triglycerides/high-density lipoprotein 

cholesterol ratio (TG/HDL)) have been associated with higher risk of several cancers 

including colorectal, pancreatic and endometrial cancers in prospective studies.15–22

Some studies suggest that physical activity may also have direct effects on biomarkers of 

inflammation and insulin response, regardless of reductions in body fatness.8, 23–25 It is 

particularly important to determine the amount of total physical activity associated with a 

healthy biomarker profile, both mediated through and independent of body fatness. In 

addition, the importance of type and intensity of physical activity on these biomarkers 

remains unclear.9 Therefore, evaluating the associations of different types (aerobic vs. 

resistance) and intensities of physical activity (moderate vs. vigorous) with biomarkers, as 

well as interactions with other lifestyle risk factors, is also important to provide evidence for 

implementing physical activity interventions at the individual and population level.

In this study, we investigated the associations of different types and intensities of physical 

activity with biomarkers of inflammatory and insulin response. We also investigated whether 

the associations between physical activity and biomarkers of inflammatory and insulin 

response differed according to adiposity and dietary pattern.
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Methods

Study population

The Health Professionals Follow-up Study (HPFS) is an ongoing prospective U.S. cohort 

which was initiated in 1986 with the enrollment of 51,529 middle-aged (40 to 75 years) 

male health professionals. Details of the cohort are described elsewhere.26 Briefly, 

participants completed questionnaires on demographic, medical, lifestyle, and other health-

related information at enrollment and updated every two years. Diet was assessed using 

validated food frequency questionnaires at enrollment and updated every four years. The 

follow-up rate for the cohort exceeded over 90%.

Between 1993 and 1994, blood samples were collected from 18,225 men who were free of 

major diseases including cardiovascular disease, cancer, and diabetes. A blood kit was sent 

to each volunteered cohort member and the samples were returned to the lab in EDTA tubes 

via overnight courier. Details of the procedures for blood collection, handling, and storage 

have been previously described.27 In the current study, we included participants who were 

previously selected for nested case-control studies within the HPFS that measured plasma 

biomarkers of CRP, IL6, TNFαR2, adiponectin, C-peptide, TG, and HDL. A total of 7,219 

participants who provided valid physical activity data and blood samples were included in 

the final analysis.

This study was approved by the Institutional Review Board of the Brigham and Women’s 

Hospital and the Human Subjects Committee Review Board of the Harvard T.H. Chan 

School of Public Health.

Assessment of physical activity

Physical activity was assessed by questionnaires in 1986 and every 2 years thereafter. In 

each cycle, participants reported their average time spent per week in walking, jogging, 

running, bicycling, swimming, tennis, squash/racket ball, calisthenics/rowing, and outdoor 

work. In 1990 and every 2 years, participants were asked to report their average weekly 

amount of weight lifting/weight machine. Each activity was assigned a metabolic equivalent 

(MET) which represent metabolic rates for specific activity divided by metabolic rates at 

rest.28 All activities were summed to derive total physical activity in units of MET-hours per 

week. By intensity of physical activity, vigorous activities, defined as MET ≥6, were 

calculated by summing MET hours of activities including jogging, running, bicycling, 

swimming, tennis, squash/racquetball, and calisthenics/rowing. Moderate activities, defined 

as MET <6, included walking, heavy outdoor work, and weight lifting/weight machine. By 

type of physical activity, aerobic activities were calculated by including walking, stair 

climbing, jogging, running, bicycling, swimming, tennis, squash/racquetball, calisthenics/

rowing, and heavy outdoor work.29 Resistance training included weight lifting/weight 

machine.30, 31 Details of the physical activity questionnaire can be found in the Supporting 

Information. The validity and reproducibility of the physical activity questionnaire with four 

1-week activity diaries across different seasons has been previously described.32
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Biomarker assessment

We assessed CRP, IL6, TNFαR2, and adiponectin as markers of inflammation. Moreover, C-

peptide and TG/HDL were assessed as markers of hyperinsulinemia and insulin resistance, 

respectively.

The laboratory procedures were described in detail previously.33, 34 Briefly, CRP was 

measured by a high sensitivity immunoturbidimetric assay (Denka Seiken Co, Tokyo, 

Japan). IL6 and TNFαR2 were measured by enzyme-linked immunosorbent assays (R&D 

systems, Minneapolis, MN). Adiponectin was measured with the use of a competitive 

radioimmunoassay (Linco Research, St. Charles, MO). C-peptide was measured using 

ELISA (Diagnostic Systems Laboratories/Beckman Coulter). TG and HDL were measured 

using standard methods with the use of reagents from Roche Diagnostics (Indianapolis, IN) 

and Genzyme (Cambridge, MA). The mean intra-assay coefficients of variation were <10% 

for all assays.

Assessment of covariables

Self-reported questionnaires were used to collect medical and lifestyle information in 1986 

and every 2 years thereafter. We calculated BMI using self-reported height and weight. 

Smoking status and regular aspirin/NSAID use (≥2 standard tablets of aspirin (325 mg) or 

NSAID per week) were collected as well. Chronic disease comorbidity score was calculated 

by summing the number of prevalent diseases and conditions including 

hypercholesterolemia, high blood pressure, diabetes, heart disease, cancer, rheumatoid/other 

arthritis. For this analysis, we used 1992 and 1994 questionnaires for these variables (data 

collected closest to blood draw). Diet was assessed using a validated semiquantitative food 

frequency questionnaire in 1986 and every 4 years. Participants reported their dietary intake 

(>130 food items) in the previous year. Using the 1994 food frequency questionnaire, we 

calculated three dietary pattern scores which were developed to capture the inflammatory or 

insulin potential of the diet: empirical dietary inflammatory pattern (EDIP), empirical 

dietary index for hyperinsulinemia (EDIH), and empirical dietary index for insulin resistance 

(EDIR). The development and validation of these dietary patterns have been previously 

described.35, 36 Distinct from the biennial questionnaires, participants were asked to report 

their waist circumference using a provided tape following the same instruction in 1987 and 

1996. Lastly, we calculated predicted fat mass and percent fat using previously developed 

anthropometric prediction equations based on age, race, height, weight, and waist 

circumference. These equations were previously validated using dual-energy x-ray 

absorptiometry and obesity-related biomarkers in an independent dataset.37

Statistical analyses

The distribution of biomarkers was tested for normality and then natural log transformed. 

Descriptive statistics for continuous variable were presented as means and standard 

deviations, and categorical variables were presented as proportions according to total 

physical activity categories.

Generalized linear models were used to examine the association between physical activity 

and biomarker concentrations. We recalibrated all biomarkers using the method previously 
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described by Rosner et al.38 to account for variation in sample handling and laboratory drift 

between batches. To reduce measurement errors in physical activity, we used average of 

physical activity questionnaires collected in 1992 and 1994. Total physical activity was 

categorized into 5 groups (i.e., 0 to 8.9, 9 to 20.9, 21 to 41.9, 42 to 62.9, and 63+ MET-h/

week). The cut-offs were based on multiples of 3 MET-hours per week, which corresponds 

to 1 hour per week of normal walking or approximately 25 minutes per week of running for 

easier interpretation.31 All multivariable models adjusted for the potential confounders 

including age at blood draw (continuous, years), race (white or non-white), case-control 

status, smoking status (never, former or current), regular aspirin/NSAID use (yes or no), 

chronic diseases/conditions (0, 1, 2 or 3+) and dietary pattern (quintiles). Of note, we 

adjusted for EDIP score for biomarkers of inflammation (i.e., CRP, IL6, TNFαR2, 

adiponectin), EDIH score for a biomarker of hyperinsulinemia (i.e., C-peptide), and EDIR 

score for a biomarker of insulin resistance (i.e., TG/HDL). Since adiposity is likely a 

potential mediator between physical activity and biomarkers, we additionally ran a model 

further adjusting for BMI (18.5–24.9, 25–29.9 or ≥30 kg/m2). For a sensitivity analysis, we 

adjusted for waist circumference, predicted fat mass or percent fat, instead of BMI, to better 

adjust for adiposity. To explore whether the associations between physical activity and 

biomarkers vary by dietary pattern and/or adiposity, we conducted stratified analyses by 

dietary pattern (below or above median; healthy or poor dietary pattern) and/or BMI (below 

or above median; 25.4 kg/m2). We tested for interaction by including the cross-terms of 

physical activity (continuous) and stratification variables (binary).

For the same total MET-hours of physical activity, the association between physical activity 

and biomarkers may be different by type and intensity of activities. Thus, we examined the 

joint association of total physical activity and type (aerobic only vs. aerobic plus resistance 

training (i.e., resistance training, no vs. yes)) and intensity (moderate plus minimal vigorous 

activities (<20% of total MET-hours; median of 2 minutes per week) vs. moderate plus 

moderate vigorous activities (≥20% of total MET-hours; median of 149 minutes per week)) 

in relation to plasma biomarkers. To examine the independent association of type (aerobic 

vs. resistance training) and intensity (moderate vs. vigorous activity) of physical activity, we 

further conducted analyses mutually adjusting for each other.

All tests were two-sided and P<0.05 was considered to be statistically significant. All data 

analyses were performed using SAS software, version 9.4 for UNIX (SAS Institute, Inc).

Results

The characteristics of study population according to total physical activity are presented in 

Table 1. Participants with higher physical activity had lower BMI and healthier diets (i.e., 

lower inflammatory and insulinemic potential). The lowest EDIP, EDIH, and EDIR were 

found in the second highest physical activity group (42–62.9 MET-h/week). The proportions 

of current smokers and participants with 3 or more chronic disease/condition were lower 

with higher physical activity.

There was a decreasing trend of CRP, IL6, TNFαR2, C-peptide and TG/HDL (all 

Ptrend<0.001) and an increasing trend of adiponectin with higher total physical activity level 
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(Ptrend=0.002) (Table 2). We observed better biomarker profiles among those in the highest 

(63+ MET-h/week) compared to lowest (0 to 9 MET-h/week) physical activity groups, 

though these differences were modestly attenuated after adjustment for BMI. The 

multivariable-adjusted percent relative difference (RD) in concentration of biomarkers 

unadjusted and adjusted for BMI, respectively were −31% and −24% for CRP, −22% and 

−18% for IL6, −8% and −6% for TNFαR2, +9% and +6% for adiponectin, −22% and −17% 

for C-peptide, and −20% and −14% for TG/HDL (Figure 1). Adjusting for adiposity using 

waist circumference, predicted fat mass or percent fat, instead of BMI, showed similar but 

slightly larger attenuations of the associations for all biomarkers (Supporting Information 

Table S1).

Joint associations of total physical activity and type of activity (aerobic only vs. aerobic plus 

resistance training) with plasma biomarkers of inflammation and insulin response are shown 

in Table 3, Supporting Information Table S2, and Figure 1. We found better biomarker 

profiles among those in the highest (63+ MET-h/week) compared to lowest (0 to 9 MET-h/

week) physical activity groups. For the same total MET-hours of physical activity, these 

associations were stronger for men engaging in both aerobic plus resistance training 

compared to those engaging in aerobic only. The multivariable-adjusted percent RD in 

concentration of biomarkers associated with aerobic only and aerobic plus resistance 

training, respectively were −29% and −36% for CRP, −20% and −29% for IL6, −8% and 

−8% for TNFαR2, +7% and +11% for adiponectin, −18% and −30% for C-peptide, and 

−19% and −19% for TG/HDL. Higher aerobic activity was associated with lower levels of 

CRP, IL6, TNFaR2, C-peptide, and TG/HDL (all Ptrend<0.001) and higher levels of 

adiponectin (Ptrend=0.006), independent of resistance training. On the other hand, higher 

resistance training did not show a significant trend with those plasma biomarkers, 

independent of aerobic activity (Supporting Information Table S3).

Joint associations of total physical activity and intensity of activity (mostly moderate 

activities vs. moderate plus vigorous activities (≥20% of the total MET-hours)) with plasma 

biomarkers of inflammation and insulin response are shown in Table 4, Supporting 

Information Table S4, and Figure 1. Comparing the highest (mostly moderate activities) to 

lowest (mostly moderate activities) physical activity groups, the multivariable-adjusted 

percent RD in concentration of biomarkers was −42% for CRP, −43% for IL6, −8% for 

TNFαR2, +10% for adiponectin, −18% for C-peptide, and −26% for TG/HDL. For the same 

total MET-hours of physical activity, we did not find better biomarker profiles among those 

engaging in vigorous intensity as compared to those who did smaller amount of vigorous 

activities. Higher moderate activity was associated with lower levels of all biomarkers (all 

Ptrend<0.001) and higher levels of adiponectin (Ptrend=0.006), independent of vigorous 

activity. Moreover, higher vigorous activity was associated with lower levels of CRP, 

TNFαR2, C-peptide, and TG/HDL, independent of moderate activity (Supporting 

Information Table S5).

We further examined the association between total physical activity and the aforementioned 

plasma biomarkers stratified by diet and BMI (Figure 2). Participants with diets with high 

inflammatory/insulinemic potential or high BMI had higher inflammation and insulin 

profiles than those with diets with low inflammatory/insulinemic potential or low BMI, 
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respectively. We generally observed greater differences in plasma biomarkers when stratified 

by BMI than dietary pattern. Physical activity showed similar associations for these 

biomarkers across dietary pattern and BMI, except for C-peptide which showed slightly 

lower levels among those with diets with high insulinemic potential (Pinteraction=0.01). 

Similar patterns for physical activity were shown when stratified by both diet and BMI 

(Supporting Information Figure S1).

Discussion

In this large cross-sectional study, we found that high physical activity was associated with 

favorable plasma biomarkers of inflammation and insulin response. Given the same total 

MET-hours of physical activity, engaging in moderate intensity exercises or aerobic plus 

resistance exercises suggested stronger associations with the circulating levels of biomarkers 

of inflammation and insulin response compared to engaging in higher vigorous intensity 

exercises or aerobic exercises alone, respectively. Moreover, the combination of high 

physical activity, healthy diet and low adiposity may provide substantially better biomarker 

profiles related to cancer as well as other chronic diseases.

A number of intervention studies have shown the effect of physical activity on improving 

biomarkers of inflammation and insulin.23, 25, 39 These intervention studies support the 

causal relationship between physical activity and the biomarkers, supporting the basis of our 

study. However, the influence of specific components of physical activity (e.g., volume, 

intensity, and type) on these biomarkers remains unclear.40, 41 Moreover, the majority of 

previous studies were small and restricted to unhealthy populations with diseases.23, 25, 39

In the current study of 7,219 generally healthy men, we found that higher total physical 

activity was associated with lower levels of circulating biomarkers of inflammation and 

insulin response. We observed an inverse association between physical activity and 

biomarkers even for the low physical activity volume (+9 MET-h/week). The biomarkers of 

inflammation and insulin response were inversely associated with physical activity until 63 

MET-hours per week, showing a linear trend. Over 63 MET-hours per week of physical 

activity, we consistently found the association between physical activity and biomarker 

profiles, although the association was not much greater than engaging in 42 to 62.9 MET-

hours per week of physical activity. This finding suggests that higher physical activity is 

fairly linearly associated with lower levels of inflammatory and insulin-related biomarkers. 

Engaging in high physical activity was not associated with unfavorable biomarkers, although 

we found slightly increased IL6 in the most active group (63+ MET-h/week) compared to 

the second most active group (42–62.9 MET-h/week). Because IL6 is a sensitive cytokine 

that increases substantially but acutely in response to exercise,42 the most active group with 

very high physical activity may have reflected this acute change in our analysis.

When we adjusted for BMI, the associations between physical activity and the biomarkers of 

inflammation and insulin were modestly attenuated but remained statistically significant. 

Given that BMI is an imperfect measure of adiposity, we conducted additional analysis by 

adjusting for waist circumference, predicted fat mass and percent fat to better control 

adiposity but we found similar moderate attenuation of the estimates. If we had more precise 
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measures of sub-compartments of fat (e.g., visceral fat), we may have observed larger 

attenuation of the estimates. Growing evidence suggests that high adiposity increases cancer 

risk through several mechanisms including upregulation of inflammation and insulin 

response.13, 16, 43 Physical activity may act on inflammation and insulin pathways by 

reducing adiposity, which is likely a mediator in the relationship between physical activity 

and the biomarkers of inflammation and insulin response.9 Thus, adjustment of adiposity 

could be an over adjustment in the aforementioned relationship to some extent. In our study, 

we found evidence that high physical activity has both direct (independent) and indirect 

(mediated through adiposity) associations with lower levels of biomarkers of inflammation 

and insulin response.

Type and intensity are important aspects of physical activity which may allow us to provide 

detailed and effective physical activity guidelines for the general population. Regarding the 

types of physical activity, a recent review of the literature on physical activity and insulin 

sensitivity in humans suggested that combination of aerobic and resistance training may be 

more effective to improve insulin resistance than either modality alone.44 In our study, for 

the same total MET-hours, aerobic plus resistance training was associated with a lower 

levels of CRP, IL6, and C-peptide, and higher levels of adiponectin, than aerobic training 

only. On the other hand, we did not find evidence of additional benefits of vigorous intensity 

physical activity over moderate intensity in regards to the biomarker levels. Similarly, a 

recent systematic review found that high-intensity interval training suggested similar 

benefits to moderate-intensity continuous training for body fat reduction.45

Physical activity, adiposity, and diet have complex interrelationships.8 Physical activity and 

diet may influence adiposity but they also have direct influence on the circulating 

biomarkers.8, 9 Moreover, physical activity may interact with adiposity and dietary pattern. 

Therefore, it is crucial to understand how these ‘triad’ of physical activity, diet, and 

adiposity influence the biomarkers of inflammation and insulin response. As expected, 

participants with high adiposity or poor dietary pattern had higher levels of inflammation 

and insulin response compared to those with low adiposity or healthy dietary pattern, 

respectively. In addition, lean people with high physical activity and healthy dietary pattern 

had approximately 2 to 3-fold lower CRP, IL6, C-peptide, and TG/HDL than overweight/

obese people with low physical activity and poor dietary pattern. Interestingly, we found the 

magnitude of difference in inflammatory and insulin-related biomarkers per unit increment 

of physical activity to be broadly similar across adiposity level or dietary pattern. Thus, high 

physical activity was associated with better biomarker profiles on all groups stratified by diet 

and adiposity.

Our study has several strengths. First, a large sample provided sufficient power to examine 

the independent and joint associations of physical activity (type and intensity) and also 

interactions with diet and adiposity in relation to various biomarkers of inflammation and 

insulin response. Second, we collected detailed information on lifestyle factors and medical 

history which allowed us to finely control for potential confounding. Third, average of two 

repeated measures of physical activity with detailed information on volume, type, and 

intensity of activities reduced within-person measurement errors and allowed us to study the 

important aspects of physical activity in relation to the biomarkers.
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There are several limitations to our study. Our study included predominantly white male 

health professionals which may limit the generalizability. However, it strengthens the 

internal validity and the characteristics of participants were generally similar to the large 

multi-ethnic cohorts in the U.S. Moreover, measurement errors from two questionnaires 

based physical activity and a single measure of biomarkers are inevitable but such 

measurement errors are likely to be non-differential which may have attenuated the 

associations.46 The advantage of relying on highly medically educated health professionals 

is that they manifest a wide range of physical activity and in general report fairly accurately. 

In Women’s Lifestyle validation study, objective measures of physical activity showed 

consistent but slightly stronger associations with cardiometabolic and endocrine biomarkers 

compared to questionnaire-based physical activity, though the use of two questionnaires in 

our study may have improved assessment of physical activity.47

Our results require confirmation but have several important implications. First, for these 

biomarkers of inflammation and insulin response, the association of physical activity was 

fairly linear, up to a level of 63 MET-hours per week. Thus, while improvement is seen at 

any level, a high level is required for optimization. Second, while aerobic activity constitutes 

the vast majority of the activity and benefits, incorporating some resistance training may 

have additional beneficial associations for the same level of total MET-hours. Third, the 

accumulated MET-hours of physical activity has similar associations with better biomarker 

profiles regardless of the activity being vigorous or not. Importantly, this allows some 

flexibility in the amount of time spent and intensity of work-out if one wants to attain a 

certain MET-hours. For example, if a goal is to attain 50 MET-hours per week, this can be 

done with 11 hours of brisk walking (moderate activity), 7 hours of running, or 8 hours of 

moderate and 2 hours of vigorous activity. Lastly, our results indicate that physical activity 

has relatively similar associations for these biomarkers across different strata of adiposity 

and diet, and optimal results can be found among those with high physical activity, low 

adiposity, and healthy dietary pattern.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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EDIR empirical dietary index for insulin resistance

HPFS Health Professionals Follow-up Study

IL6 interleukin 6

MET metabolic equivalent

TG/HDL triglycerides/high-density lipoprotein cholesterol ratio

TNFαR2 tumor necrosis factor α receptor 2
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Novelty and Impact: To better understand the underlying mechanism linking physical 

activity and cancer, the authors investigated the associations of physical activity (volume, 

type, and intensity), as well as the interaction with adiposity and diet, with cancer-related 

biomarkers. The authors found that high physical activity, preferably aerobic plus 

resistance training, was associated with favorable biomarkers of inflammation and insulin 

response. Physical activity had similar associations across adiposity and diet, and optimal 

results were achieved by maximizing all three.
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Figure 1. 
Multivariable-adjusted percent relative difference in biomarker concentrations comparing the 

highest (63+ MET-h/week) with the lowest (0 to <9 MET-h/week) physical activity groups: 

A) with additional adjustment for BMI (B) by type of physical activity and (C) by intensity 

of physical activity; Health Professionals Follow-up Study 1992–1994. Abbreviation: CRP, 

C-reactive protein; IL6, interleukin 6; TNFαR2, tumor necrosis factor α receptor 2; TG/

HDL, triglycerides/high-density lipoprotein cholesterol ratio.
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Figure 2. 
Joint association of total physical activity, diet and body mass index with plasma markers of 

inflammation and insulin response, Health Professionals Follow-up Study 1992–1994. 

Abbreviation: CRP, C-reactive protein; IL6, interleukin 6; TNFαR2, tumor necrosis factor α 
receptor 2; TG/HDL, triglycerides/high-density lipoprotein cholesterol ratio.
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Table 1.

Characteristics of the study population by categories of total physical activity, Health Professionals Follow-up 

Study 1992–1994

Characteristic
Total physical activity (MET-h/week)

0 to <9 9 to <21 21 to <42 42 to <63 63+

Participants, N 1178 1603 2132 1101 1205

Age at 1994 questionnaire return, yrs 62.0 (8.8) 61.4 (8.7) 62.2 (8.8) 61.8 (8.5) 63.0 (8.5)

Plasma biomarkers

 C-reactive protein (mg/L) 1.2 (4.5) 0.9 (3.0) 0.9 (3.0) 0.7 (2.7) 0.7 (3.0)

 Interleukin-6 (pg/mL) 1.6 (2.2) 1.5 (2.2) 1.3 (2.0) 1.2 (5.5) 1.2 (2.0)

 Tumor necrosis factor alpha receptor 2 (ng/mL) 2.7 (1.3) 2.7 (1.3) 2.7 (1.3) 2.7 (1.3) 2.7 (1.2)

 Adiponectin (μg/mL) 6.0 (1.6) 6.0 (1.6) 6.0 (1.6) 6.7 (1.6) 6.7 (1.6)

 C-peptide (ng/mL) 2.7 (1.8) 2.2 (1.8) 2.2 (1.8) 2.0 (1.8) 2.0 (1.8)

 Triglyceride/High-density lipoprotein cholesterol ratio 3.3 (2.2) 3.0 (2.0) 2.7 (2.0) 2.5 (2.0) 2.5 (2.2)

Lifestyle risk factors

 Body mass index (kg/m2) 26.9 (4.1) 26.2 (3.4) 25.7 (3.2) 25.4 (2.9) 25.2 (2.9)

 Empirical dietary Inflammatory pattern
 (% above median) 23.9 20.5 18.9 17.7 19.8

 Empirical dietary index for hyperinsulinemia
 (% above median) 23.0 20.6 19.0 17.8 20.3

 Empirical dietary index for insulin resistance
 (% above median) 20.4 20.0 20.0 19.4 20.3

 Smoking status (%)

  Never 39.3 45.0 47.0 48.3 47.5

  Former 49.8 49.0 48.3 47.4 48.3

  Current 11.0 6.0 4.7 4.3 4.2

 Regular aspirin/NSAID user (%) 14.0 14.9 13.0 13.9 14.8

Chronic diseases/conditions comorbidity score

 No chronic diseases/conditions 36.3 38.5 42.5 45.1 44.2

 1 chronic diseases/conditions 31.5 33.3 31.6 31.3 31.5

 2 chronic diseases/conditions 19.3 18.0 16.4 15.9 16.6

 ≥3 chronic diseases/conditions 13.0 10.2 9.5 7.7 7.7

Values are presented as mean (SD) for continuous variables and percentage for categorical variables.
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