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Abstract

Levels of biomarkers in the blood have been known to signal whether abnormal or normal

processes are occurring in the body. Glycoprotein acetyls are a relatively new inflammatory

biomarker that has been linked to early cardiovascular disease and other inflammatory

diseases. Understanding the relationship of glycoprotein acetyls with certain exposures can help

inform us of ways to lower inflammatory disease risk. In this study, physical activity was

investigated as the exposure. Summary statistics from genome-wide association studies (GWAS)

of self-reported and wrist-worn devices from the UK Biobank were used. We found that

physical activity and levels of glycoprotein acetyls had an inverse relationship, such that higher

levels of genetically-predicted physical activity were correlated with lower levels of glycoprotein

acetyls. Identifying this relationship expands our understanding of how physical activity can

affect health. This information can allow us to utilize physical activity as a preventative health

measure, and to lower risks of inflammatory and cardiovascular disease.



Introduction

A person’s health and wellbeing can be attributed to many factors. Physical activity has

been identified as one of the most important lifestyle factors to improve overall health, and to

lower risk for a wide range of diseases, including chronic diseases, obesity, cardiovascular

disease, and stroke (Pratt et. al, 1999). Furthermore, studies have also been conducted to

assess the benefits of physical activity with aging, with exercise showing an association with

reduction in age-related bone loss, an increase in muscle mass, and improvement in muscle

strength and coordination (Galloway & Jokl, 2000). In addition, studies have shown how one’s

immune response also benefits from regular exercise, with the total number of sick days being

lower in people who engage in regular vigorous physical activity (Miles, 2007). However, while

these benefits may be known, only 27% of US adults meet recommended levels of moderate or

vigorous physical activity, with 29.2% reporting no regular physical activity outside of work

(Pratt et. al, 1999). Differences in physical activity can also be observed amongst genders and

races, with men and White Americans getting the most exercise (Pratt et. al, 1999). Differences

in physical activity also exist among different levels of socioeconomic status, likely contributing

to prominent health disparities (Gordon-Larsen et. al, 2006). Considering the benefits of

physical activity for health and disease prevention, the lack of physical activity in the U.S

population is concerning on a public health level.

Levels of certain biomarkers circulating in the blood can be used as indicators of normal

or abnormal processes in the body (National Cancer Institute, n.d). Previous studies have looked

at the relationship between physical activity and different biomarkers, including HDL

cholesterol, vitamin D, apolipoprotein B, and hemoglobin A1c. A beneficial effect was observed



from physical activity on these biomarkers (Chomistek et. al., 2011) Another study found that

physical activity helped to decrease the levels of risk factors for cardiovascular disease (CVD),

such as inflammatory/hemostatic biomarkers (hsCRP, fibrinogen, and sICAM-1), and traditional

lipid biomarkers such as total, LDL, and HDL cholesterol (Mora et. al., 2007) In addition, studies

have also concluded that men who reported greater vigorous-intensity physical activity had a

lower BMI and more favorable biomarker profiles compared to men reporting less activity

(Chomistek et. al., 2011). Additionally, both BMI and physical activity are significantly

associated in a linear manner with most biomarker levels. In this study, we will focus on

whether levels of glycoprotein acetyls are potentially lowered through physical activity.

Glycoprotein acetyl (GlycA) level is a relatively new biomarker of inflammation that has been

linked to early cardiovascular disease in the young, and has proven to be stable compared to

other biomarkers such as C-reactive protein or CRP (Chiesa, 2022).

In this study, we used Mendelian randomization (MR) to assess the evidence for a causal

role of physical activity in levels of GlycA. MR is an investigative tool that uses genetic

information to assess the causal relationship between an exposure and an outcome. MR utilizes

genetic variants that have been randomly assigned at conception and have remained

unchanged throughout one’s lifetime (Roberts, 2018). This approach acts on three main

assumptions: the genetic variant is associated with the exposure, the variant does not associate

with the confounder, and the genetic variant influences the outcome through the exposure

(Lee, 2020). Typically, in these studies, single nucleotide polymorphisms (SNPS) are used as the

genetic variant. MR is a useful tool for studying the causes and effects of diseases, where

manipulation of the exposure in a randomized trial might not be practical nor ethical. In this



project, data was collected from genome-wide association studies (‘GWAS’) from UK Biobank

regarding five different types of physical activity: moderate to vigorous activity, vigorous activity,

strenuous sports, accelerometer-based physical activity, and average acceleration.

Methods

UK Biobank

In this study, we used data from the UK Biobank, which is a large-scale biomedical

database that has genetic and health information from half a million participants, aged 40-69,

living in the United Kingdom. The data from UK Biobank consists mainly of people of European

descent. All participants provided informed consent, and ethical approval was given to the UK

Biobank study by the North West Multicentre Research Ethics Committee, the National

Information Governance Board for Health & Social Care, and the Community Health Index

Advisory Group.

Exposure Measures

We used the results of a previously conducted GWAS of physical activity (Klimentidis et

al., 2018). Briefly, physical activity measurements were obtained from self-reported data,

specifically from a touchscreen questionnaire that asked questions about levels of moderate

and vigorous physical activity. In the questionnaire, participants were asked questions regarding

how many days they exercise in a moderate (cycling at normal pace, carrying light loads) or

vigorous (fast cycling, heavy lifting) way. Physical activity was then classified as vigorous (VPA) or

moderate-to-vigorous (MVPA) physical activity. Individuals who preferred not to answer or did



not know were excluded. Also, those who reported more than 16 hours of either MVPA or VPA

were also excluded. In addition, questions were asked about the specific types of physical

activity. Individuals who spent 2-3 days doing strenuous sports or other exercises (SSOE) were

then grouped together. In addition, approximately 100,000 participants wore an Axivity AX3

wrist-worn accelerometer for seven days. The two measures derived from this data were overall

acceleration average and the fraction of accelerations > 425 milli-gravities (mg). Participants

that had less than three days of data, or those missing data in each one-hour period of the

24-hour cycle, were excluded.

Outcome Measures

The measures of GlycA were part of a metabolomics project in the UK Biobank. An NMR

metabolomics platform (Nightingale Health Plc; biomarker quantification version 2020) was

used to conduct metabolomic profiling in the plasma samples collected at the baseline visit of

~120,000 UKB participants who were chosen at random. This platform was able to quantify 249

metabolic biomarkers (168 directly measured, and 81 ratios of those measures) as well as

lipoprotein subclass distribution, particle size and composition (Bragg et. al, 2022). This

Nightingale NMR platform has obtained regulatory approval, with 37 biomarkers approved for

diagnostics use (Julkunen et. al, 2021).

Statistical Analysis

To examine the association of genetically predicted levels of physical activity with GlycA,

Mendelian randomization was utilized. Physical activity GWAS summary statistics were



downloaded from the GWAS catalog, and the GWAS of GlycA was obtained from the MRC IEU

OpenGWAS project (https://gwas.mrcieu.ac.uk/). Selection of the exposure SNPs was done at

two different p-value thresholds: p<5E-6 and p<5E-8. Additionally, the TwoSampleMR package

in R was utilized. The summary statistics from the GWAS of physical activity were read into R,

and restricted to those with a p-value less than 5E-6 or 5E-8. The results of the exposure SNPs in

the GlycA outcome GWAS were then harmonized so that the beta-coefficients referred to the

same allele in both data sets. We performed an MR analysis using the inverse-variance weighted

(IVW), MR-Egger, weighted median, simple mode, and weighted mode methods. Each type of

MR varies in what is taken into account, as MR-Egger accounts for pleiotropy and the IVW does

not. Using all five types of MR helps to fully understand the potential effects that physical

activity has on GlycA. The effect measure that we primarily used was the IVW beta-coefficient

and its 95% confidence interval. All analyses were performed using R version 4.2.1.

Results

Each physical activity measurement was tested using two different levels of statistical

significance. Each measurement was also run with five types of Mendelian randomization

analyses with the exception of the fraction of accelerations > 425 milli-gravities (mg), for which

we only could calculate the IVW estimate due to a low number of exposure SNPs.

Self-Reported Physical Activity Measurements

The self-reported physical activity measurements included moderate to vigorous

physical activity (MVPA), vigorous physical activity (VPA), and strenuous sports and other



exercises (SSOE). For each of these measurements, a negative correlation was observed. For

MVPA, the beta-coefficient was less than zero for the significance level of 5E-8 for each type of

MR, with the exception of MR Egger and inverse variance weighted (IVW). MR Egger had a

beta-coefficient of 2.05 (SE: 0.5), while IVW had a beta-coefficient of 0.05 (SE: 0.14). At the

p-value of 5E-6, MR Egger had a beta-coefficient of 0.2 (SE: 0.214). As seen in Figure 1, the

confidence intervals for both p-values of 5E-6 and 5E-8 cross the red line located at 0 for the

different types of MR. This suggests that there is little evidence that MVPA has a significant

effect on GlycA.

Figure 1. Forest plot of moderate to vigorous physical activity (MVPA) measurements and glycoprotein acetyls.



For VPA at the significance level of 5E-8, all beta-coefficients were less than 0, potentially

suggesting an overall negative correlation. At the significance level of 5E-6, the beta-coefficient

at MR Egger was above 0, with a beta-coefficient of 0.277 (SE: 0.3). This can be seen in Figure 2.

Figure 2. Forest plot of vigorous physical activity measurements (VPA) and glycoprotein acetyls.

For SSOE, we found that there was a majority of negative correlation. Lower GlycA levels are

correlated with high levels of strenuous sports and other exercises. For MR Egger, the beta

coefficient is slightly larger than 0 for both p-value of 5E-6 and 5E-8, at 0.042 (SE: 0.42) and

0.012 (SE: 1.8). Figure 3 summarizes these results.



Figure 3. Forest plot of data collected from the group for strenuous sports and other exercises (SSOE) and

glycoprotein acetyls.

Accelerometer Physical Activity Measurements

The accelerometer-derived physical activity measurements included average

acceleration and the fraction of accelerations > 425 milli-gravities (mg) (ACC > 425mg). For

average acceleration, all beta-coefficients were below zero at the significance level of 5E-6. For

5E-8, three out of the five beta-coefficients were slightly larger than 0. For MR Egger the

beta-coefficient was 0.046 (SE: 0.05), for simple mode it was 0.009 (SE: 0.02), and for weighted

mode it was 0.01 (SE: 0.02). This is summarized in Figure 4.



Figure 4. Forest plot for average acceleration and glycoprotein acetyls.

For accelerometer data, only inverse variance weighted was used at the significance level of

5E-8, with a beta-coefficient less than 0. At the significance level of 5E-6, all beta-coefficients

were below 0, suggesting a negative correlation between GlycA and the fraction of

accelerations. Figure 5 summarizes these results.



Figure 5. Forest plot for the fraction of accelerations (ACC > 425 milli-gravities) and glycoprotein acetyls.

Discussion

This study aimed to understand the effects of different types of physical activity on the

inflammatory biomarker GlycA. Self-reported measurements of physical activity showed a

largely negative correlation with GlycA, with the beta-coefficients landing lower than zero.

Moderate to vigorous activity was an exception, showing little evidence for a significant effect.

This suggests that higher levels of physical activity, such as vigorous activity as well strenuous

sports and other exercises, are associated with lower levels of GlycA. Accelerometer-based

physical activity data also suggested the same relationship. As seen in figures 1-4, MR Egger



produced a wide 95% confidence interval with the beta-coefficient landing above 0. This can be

attributed to the nature of that type of MR, as MR Egger can be less powerful, but more

conservative, than the other methods.

GlycA has been previously studied in relation to cardiovascular disease, and a similar

relationship between GlycA and physical activity has been found. In a study produced by the

American Heart Association, GlycA was studied in two groups, one aged 15 and one aged 24. It

was found that there was an association between GlycA and markers of early cardiovascular

risk. They also found that in individuals as young as 15 years old, there was observed evidence

of increased GlycA levels for those who had low levels of physical activity (Chiesa et. al, 2022).

This aligns with the relationship found in our analysis.

The strengths of this study include a large sample size of participants from the UK

Biobank. Another strength is that this study included measurements from both self-reported

and accelerometer-based data, allowing for two different sources of physical activity

measurement. A limitation of this study is that the majority of the participants are older adults,

with largely European ancestry. Participants also volunteer to be a part of this study, which

could make the group less representative of the entire population. Another limitation, as seen

in the accelerometer-based data, is that there are not many SNPs associated with the physical

activity measurement, making this instrument not as strong as others.

Further research could be conducted to include participants of different ancestry

backgrounds, and to see if additional SNPs associated with physical activity are found. Further

research could also be conducted with different inflammatory biomarkers, such as cytokines or



pro-atherogenic enzymes, to further strengthen the evidence for a causal protective effect from

physical activity.

Conclusion

In conclusion, this analysis suggests that higher levels of physical activity are correlated

with lower levels of GlycA. As GlycA is an inflammatory biomarker, studying the effects of

physical activity on inflammation can help to further understand its importance on overall and

preventive health. GlycA can not only be used to help signify risks of cardiovascular disease, but

other inflammatory diseases as well. Solidifying the effect physical activity has on inflammation

can help us to use exercise in a more targeted approach, and to help reduce the risk of

inflammatory diseases as well.
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