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Abstract

It has been suggested that glycoprotein acetyls (GlycA) better reflects chronic inflammation

than high sensitivity C-reactive protein (hsCRP), but paediatric/life-course data are sparse. Using
data from the Avon Longitudinal Study of Parents and Children (ALSPAC) and UK Biobank,

we compared short- (over weeks) and long-term (over years) correlations of GlycA and hsCRP,
cross-sectional correlations between GlycA and hsCRP, and associations of pro-inflammatory risk
factors with GlycA and hsCRP across the life-course. GlycA showed high short-term (weeks)
stability at 15y (/=0.75; 95% C1=0.56, 0.94), 18y (r=0.74; 0.64, 0.85), 24y (r=0.74; 0.51, 0.98)
and 48y (r=0.82 0.76, 0.86) and this was comparable to the short-term stability of hsCRP at

24y. GlycA stability was moderate over the long-term, for example between 15y and 18y r=0.52;
0.47, 0.56 and between 15y and 24y r=0.37; 0.31, 0.44. These were larger than equivalent
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correlations of hsCRP. GlycA and concurrently measured hsCRP were moderately correlated at
all ages, for example at 15y (r=0.44; 0.40, 0.48) and at 18y (r=0.55; 0.51, 0.59). We found

similar associations of known proinflammatory factors and inflammatory diseases with GlycA
and hsCRP. For example, BMI was positively associated with GlycA (mean difference in GlycA
per standard deviation change in BMI=0.08; 95% CI=0.07, 0.10) and hsCRP (0.10; 0.08, 0.11).
This study showed that GlycA has greater long-term stability than hsCRP, however associations of
proinflammatory factors with GlycA and hsCRP were broadly similar.
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Introduction

Acute inflammation is triggered by microbial infection and factors such as noxious stimuli
and tissue injury. It is characterised by the rapid increase of inflammatory-related markers
(e.g., acute-phase proteins and cytokines) locally and systemically, and by the accumulation
of immune cells in affected tissue 1 2. A dysregulation of the immune system can prevent
the resolution of the acute inflammatory response and lead to a state of systemic, low-grade
chronic inflammation 3-5. Certain factors, which can be biological, social, or behavioural
can also lead to chronic inflammation 3-5. Inflammation increases with age 6 and differs
between the sexes, possibly reflecting differential susceptibility to inflammation-related
diseases /9. Additionally, chronic inflammation is associated with lower socioeconomic
position (SEP) 19, obesity 11-13 and a high alcohol consumption 14,

Chronic inflammation is usually assessed using circulating biomarkers such as cytokines
and acute-phase proteins and it is associated with the prevalence, incidence and progression
of non-communicable diseases 1° such as cardiovascular disease (CVD) 1617 and other
non-communicable diseases 1826 | For example, a systematic review and meta-analysis of
29 prospective population-based studies found that a one standard deviation increase in

the cytokines interleukin-6 (IL-6), IL-18 and tumour necrosis factor alpha (TNF-a) was
associated with a 10-25% increase in the risk of non-fatal and fatal myocardial infarction 27.

A key challenge for inflammation research is identifying biomarkers that reliably reflect
systemic, chronic, and low-grade inflammation. Currently, the most widely used biomarker
is high sensitivity C-reactive protein (hsCRP), an acute-phase protein 28. Other commonly
used biomarkers include cytokines such as 1L-6 and TNF-a 2%, However, short-term
variability in circulating levels and rapid Kinetics in response to infection or other acute
stimuli undermine the utility of these single-protein biomarkers as measures of chronic
inflammation 30-32, Composite biomarkers derived from multiple proteins may be more
suitable than single-protein biomarkers when measuring chronic inflammation; unlike
single-protein markers, if one component changes, the others may be unaffected, meaning
the signal is less subject to acute fluctuations 31.

Glycoprotein acetyls (GlycA) is a composite biomarker of inflammation 33. 34, It is
quantified using Nuclear Magnetic Resonance (NMR) 3° and reflects the extent and
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complexity of N-glycosylation of a number acute-phase proteins 3. In response to acute
inflammation, acute-phase proteins increase in concentration and glycan complexity, which
in turn increases the amplitude of the GlycA NMR signal. However, given that GlycA is a
composite marker of inflammation, it should be less reactive to acute environmental changes
and, as such, be a more stable measure of chronic inflammation compared to acute-phase
markers such as hsCRP 37,

GlycA has been shown to be positively associated with inflammation-related non-
communicable diseases (NCDs) 3840 such as incident CVD events 41. Despite this, studies
comparing the short- and long-term stability of GlycA and hsCRP across the life-course are
lacking, as are data on associations of GlycA with different pro-inflammatory factors across
the life-course.

Here we use data from two large UK population-based cohorts: the Avon Longitudinal
Study of Parents and Children (ALSPAC) and the UK Biobank (UKB) to investigate:

1) short-term (weeks) and long-term (years) stability of GlycA levels; 2) correlations
between concurrently measured GlycA and hsCRP in adolescence, early-adulthood and
mid-adulthood; 3) associations of inflammation-related factors (e.g., smoking) with GlycA
and hsCRP and 4) associations of autoimmune/inflammatory diseases (e.g., Crohn Disease)
with GlycA and hsCRP. We hypothesised that GlycA would show greater stability over time
than hsCRP and display similar or stronger associations with inflammation-related factors
(particularly chronic inflammatory states) compared to hsCRP, given that GlycA should
reflect chronic inflammation, whereas hsCRP responds to acute inflammatory triggers.

Materials and Methods

ALSPAC

The ALSPAC recruited a total of 14,541 pregnant women residing in Avon, UK, with an
expected delivery date between 1st April 1991 and 31st December 1992 42-44, The initial
number of pregnancies enrolled was 14,541 with 13,988 children alive at 1 year of age.
The sample was bolstered and the total sample size for analyses using any data collected
after the age of seven was 15,447 pregnancies (14,901 were alive at 1 year of age). Further
information about ALSPAC and its ethical guidelines are presented in the supplement.

Offspring were included in this study if they had one measure of GlycA and one measure
of hsCRP across ages 15y, 18y and 24y (n=5356; supplementary Figure 1). Mothers were
included in this study if they had measures of GlycA and hsCRP at mean age 47y or 50y
(n=4480; supplementary Figure 2). After exclusion, no non-White participants remained in
the study.

A subset of the participants (N=78-124) who had biological measures repeated for quality
control (QC) purposes within 5-6 weeks were used to investigate short-term stability. QC
measures for GlycA were available at all clinics but were only available at the 24y clinic for
hsCRP.
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Biomarkers of Inflammation—GlycA and hsCRP were measured in plasma at mean
ages 15y, 18y and 24y in the ALSPAC offspring and at mean ages 47y and 50y in

the ALSPAC mothers. Details of blood collection, processing and storage, together with
biomarker assays are shown in the supplement.

In the maternal cohort, we created combined variables using measures from either the 47y
clinic or the 48y clinic (see supplement) separately for the GlycA and hsCRP measures to
increase sample size and statistical power.

Potential determinants of inflammation—In analyses using offspring data we used
SEP, age, BMI, atopy score and sex, symptoms of infection, smoking frequency and alcohol
intake as potential determinants of inflammation. In analyses using the maternal cohort

we used SEP, age, BMI and atopy score as potential determinants of inflammation. A
description of how these variables were recorded/coded is reported in the supplement.

The UKB is a community-based, prospective study (https://www.ukbiobank.ac.uk).
Recruitment of 500,000 participants and baseline assessments were completed between
2006-2010. Participants were included in this study if they had a measure of GlycA and
hsCRP (n=112424). A further description of UKB is presented in the supplement.

Biomarkers of inflammation—GlycA and hsCRP were measured at the baseline clinic
(mean age = 48y) and plasma GlycA was quantified using the same method as in ALSPAC.
See supplement for details of sample processing. As in the ALSPAC analysis, hsCRP was
converted from mg/L to mmol/L.

Potential determinants of inflammation—SEP was indexed using self-reported
highest education qualification, participants’ sex, age, BMI, smoking frequency and alcohol
intake were included. Information about how they were recorded/coded are presented in the
supplement.

We also included diagnoses of proinflammatory diseases #° recorded across hospital
inpatient records in either the primary or secondary position from 2006 onwards. For ease,
the diseases we used will be referred to by the following names: arthritis, Crohn disease,
systemic lupus erythematosus (SLE), Multiple Sclerosis (MS), chronic sinusitis, type two
diabetes (T2D), hepatitis C, eczema and asthma. A detailed description of each disease is
presented in the supplement.

We further grouped conditions into three clusters: atopy (asthma and eczema), chronic
infection (hepatitis C and chronic sinusitis) and autoimmune disease (arthritis, T2D, SLE,
MS, and Crohn disease). We created a count variable based on the number of conditions
participants had within each disease cluster. Details of which cluster each disease is part of
is presented in Supplementary Table 1.
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Statistical Analysis

Results

GlycA was normally distributed, but hsCRP values were not, therefore both biomarkers
were log-transformed (supplementary Figures 3-4 respectively). Z-scores were calculated so
results were comparable.

We used ALSPAC clinic data at offspring mean ages 15y, 18y and 24y, and maternal

mean ages 47y and 50yto investigate: 1) Short-term (weeks) correlations for GlycA and
hsCRP using QC data; 2) Long-term (years) correlations for GlycA and hsCRP; and 3)
Cross-sectional correlations between these markers at each clinic. We only had one QC
measures of hsCRP (at the 24y clinic) which meant just one short-term correlation for CRP
could be estimated. When investigating the mothers’ short term correlations using QC data,
we used the clinic combined GlycA variable. We report only cross-sectional correlations
between GlycA and hsCRP in UKB.

We examined associations between potential determinants of inflammation, GlycA and
hsCRP using univariable and multivariable regression in ALSPAC and UKB. Wke also used
UKB to investigate the association between inflammatory diseases and GlycA and CRP.
Given that ALSPAC is a young/healthy cohort, there would be too few cases for a correctly
powered analysis.

We investigated three models: a univariable analysis (model 1), models adjusting for age
and sex (model 2; when age/sex were the exposure we adjusted for the other variable only),
and models adjusting for other available determinants (model 3). A further description of the
covariates included in model 3 is presented in the supplement.

Median GlycA and hsCRP levels, their range at different ages and their percentage
coefficient of variance at each time point for ALSPAC and UKB are presented in Table

1 and 2 respectively. Characteristics of the main cohorts using ALSPAC offspring data and
mother data are presented in Supplementary table 2. Characteristics of the UKB participants
are presented in supplementary table 3.

Correlations for GlycA and hsCRP

Short-term correlations of GlycA are presented in Figure 1, Panel A. There were moderate-
to-strong correlations between measures of GlycA taken 5-6 weeks apart at ages 15y (r=0.75
[95% CI=0.56, 0.94], 18y (+=0.74 [0.64, 0.85], 24y (+=0.74 [0.51, 0.98] and 48y (r=0.82
[0.76, 0.86]. hsCRP had a strong short-term correlation (+=0.77 [0.59, 0.95] at age 24y.

GlycA had moderate correlations between measures taken years apart in adolescence/early-
adulthood (between 15y and 18y: r=0.52 [0.47, 0.56]; between 15y and 24y: r=0.37 [0.31,
0.44]; between 18y and 24y: r=0.43 [0.37, 0.49] and strong correlations in mid-adulthood
(between 47y and 50y: r=0.74 [0.72, 0.76]. These were larger than equivalent correlations of
hsCRP (between 15y and 18y: r=0.40 [0.35, 0.46] between 15y and 24y: r=0.25 [0.18, 0.32];
between 18y and 24y: r=0.32 [0.25, 0.38]; between 47y and 50y: r=0.65 [0.62, 0.68]. Figure
1, Panel B shows the long-term correlations for GlycA and hsCRP (separately).
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Concurrently measured GlycA and hsCRP levels were moderately correlated at all ages:
15y (r=0.44 [0.40, 0.48], 18y (r=0.55 [0.51, 0.59], 24y (+=0.54 [0.50, 0.59], 47y (r=0.61
[0.59, 0.63] and 50y (r=0.59 [0.56, 0.61] are presented in Figure 1, Panel C. In UKB, the
cross-sectional correlation between GlycA and hsCRP (r=0.52 [0.52, 0.53] was similar to
correlations when using the ALSPAC data.

As a sensitivity analysis, we re-estimated correlations excluding all individuals who reported
experiencing an infection at any clinic. This was to mitigate the short-term effects an
infection may have; results were comparable to the primary analysis and are presented in the
supplement.

We also present Bland-Altman plots for each of the correlations in the ALSPAC offspring
and the mothers to indicate the agreement of the measures and these are present in
supplementary figure 5 and 6 respectively.

Associations with potential determinants of inflammation

ALSPAC offspring—Estimates from both univariable and multivariable models are
presented in Table 3 for GlycA and Table 4 for hsCRP. In models including all available
potential determinants (model 3; Figure 2), BMI and having a recent infection were
positively associated with GlycA and hsCRP at the time points they were recorded.
Additionally, in model 3, GlycA was higher in females than males at ages 15y and 18y,

but attenuated to the null at 24y. Conversely, mean hsCRP was higher in males at ages 15y
but was then higher in females in later ages. Lower social class was positively associated
with hsCRP at 15y only and GlycA at 25y only. Mother’s educational qualification, smoking
frequency and alcohol intake were not associated with GlycA/hsCRP at any time point.

ALSPAC mothers—Estimates from the univariable and multivariable models are
presented in Table 5. In model 3, BMI, age and lower academic achievement were positively
associated with GlycA and hsCRP. Manual household social class was positively associated
with GlycA only. The only inflammation-related factor which did not show an association
with either GlycA or hsCRP was an atopy diagnosis (Figure 3).

UKB—Estimates from the univariable and multivariable models for associations between
key characteristics and behaviours and both GlycA and hsCRP are presented in Table 6. As
in ALSPAC, BMI was positively associated with both GlycA and hsCRP in the unadjusted
and adjusted models. Females had lower levels of inflammation (measured by GlycA and
hsCRP) in the adjusted and unadjusted models. Being a frequent drinker was negatively
associated with levels of GlycA in adjusted and unadjusted models. Additionally, we found
that lower SEP and being a frequent smoker were associated with higher inflammation
measured by GlycA and hsCRP in all three models. Results from model 3 are presented

in Figure 4. As a sensitivity analysis, we re-ran the estimates excluded all individuals that
had a diagnosis of the included inflammatory-related diseases. Results are presented in
supplementary Table 4 and were comparable to the unrestricted dataset.

Estimates from the univariable and multivariable models examining association between
known inflammatory diseases with GlycA and CRP are presented in Table 7. Multiple
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inflammation-related conditions were associated with both GlycA and hsCRP in a similar
pattern. In model 3, arthritis, asthma, MS, chronic sinusitis and Crohn’s disease were
associated with both higher GlycA and hsCRP; T2D was positively associated with GlycA
only; and eczema was associated with hsCRP only. In all three models, neither SLE or
hepatitis C were associated with GlycA or hsCRP.

The atopy cluster and the autoimmune cluster were both positively associated with GlycA
and hsCRP in all three models. The infection cluster was positively associated with hsCRP
in all three models and with GlycA in model 1 and 2. However, in model 3, the confidence
interval for GlycA crossed the null value (Figure 5).

Further description of associations in models 1 and 2 using the ALSPAC and the UKB data
are presented in the supplement.

Discussion

We found that the short-term correlation of hsCRP was similar in magnitude to the short-
term GlycA correlations and GlycA and hsCRP were moderately correlated with each other
throughout the life-course. Long-term intra-biomarker correlations for GlycA were slightly
stronger than those for hsCRP. The findings were similar in magnitude to the correlation
estimated by a study by Ritchie et al. which used 3 repeated GlycA measures taken over
the course of a decade (r=0.43) 46. GlycA also displayed a lower coefficient of variation
compared to hsCRP using ALSPAC and UKB data which suggests that GlycA has lower
variability around the mean compared to hsCRP. The limits of agreement are narrower for
GlycA than for hsCRP shown by the Bland-Alman plots which suggests that the measures
between timepoints are more stable for GlycA than for hsCRP.

We found that having an infection at the time of blood sampling was positively associated
with GlycA and hsCRP. This is expected as GlycA is a composite marker of acute-phase
proteins and therefore its signal will increase in amplitude in response to an acute
inflammatory stimulus. Despite this, the long-term correlations suggest that GlycA has
greater stability across the life-course compared to hsCRP, which is in line with previous
literature 47. The difference in stability between GlycA and hsCRP may also underlie
previous findings that GlycA remains associated with proinflammatory diseases such as
CVD, after adjusting for hsCRP 3°. This may be because GlycA and hsCRP reflect
overlapping but different inflammatory pathways 48. By logging hsCRP, variation in hsCRP
is reduced (see supplementary Figure 4) and our regression results became comparable.

There were differences between associations in ALSPAC compared to UKB. Alcohol intake
was not associated with either biomarker when using ALSPAC data, but it was negatively
associated with levels of GlycA and hsCRP when using UKB data. UKB participants

are older than those in ALSPAC and therefore a higher number of individuals may have
inflammatory-related diseases. “Healthy” individuals may be more likely to drink, but still
have lower levels of inflammation compared to individuals who have a pro-inflammatory
disease, but no longer drink. Although the negative association was maintained in our
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secondary analysis, which aimed to account for this effect, other diseases were not included
in our model which could be driving this negative association.

The magnitude of association between the infection variable and hsCRP and GlycA in
ALSPAC was larger than that in UKB, which is likely because in ALSPAC, this variable
codes for infection within the preceding 3 weeks while in UKB the variable reflects a
diagnosis of Hepatitis C or chronic sinusitis from 2006 onwards and which are chronic or
recurrent infections, respectively. We also found a positive association between atopy and
hsCRP and GlycA levels when using UKB data, but not in ALSPAC offspring or mothers.
This may be because UKB classifies diseases based on hospitalisation only and therefore is
likely to capture only the more severe cases. ALSPAC participants self-reported diagnoses of
an atopic disease. Although, this can also include diagnoses made in a primary care setting,
it is more likely to include less severe cases (mild eczema vs anaphylaxis) which contribute
to the attenuation of an effect in the ALSPAC cohort. In addition, the sample size in the
UKB analysis was approximately 20 times larger than that in the ALSPAC analysis and
therefore there was more power to detect associations in UKB.

Strengths and Limitations

We used two large population-based cohorts, covering a wide range of ages which allowed
us to compare the short-term and long-term stability of both biomarkers and the performance
of GlycA and hsCRP as biomarkers throughout the life-course.

We acknowledge some limitations. Short-term repeat hsCRP data were unavailable for most
clinics, so it was only possible to assess short-term stability of hsCRP at 24yrs. Some
variables such as smoking frequency and alcohol intake rely on self-report and not all
variables (such as infection) were measured at every timepoint. Additionally, several of

the diseases are characterised by acute flares in disease activity, but this information was
not provided and so we could not differentiate whether levels of the biomarkers reflected
chronic inflammation or acute flares in disease activity.

Conclusion

In conclusion, we found that GlycA and hsCRP correlated moderately across the life-course,
with some sex differences evident at different ages. The short-term GlycA correlations were
comparable to the short-term hsCRP correlation, as were associations of pro-inflammatory
factors and diseases with GlycA and hsCRP. Nevertheless, GlycA showed greater long-term
stability compared to hsCRP.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 2. Associations between known deter minants of inflammation and the biomarkers hsCRP
and GlycA in the ALSPAC offspring at ages 15y, 18y and 24y

SEP = Mother holds Degree vs No degree, Household Social Class = Parent’s manual
vs Non-manual occupation, Atopy = Asthma and eczema, asthma or eczema or neither,
Smoking frequency= none, less than once a week, more than once a week, Drinking
frequency= none, less than once a week, more than once a week. Both biomarkers are
log-transformed
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m
[
_‘8‘ Offspring 15y 18y 24y
@ N Median Range % N Median Range % N Median Range %
0 (IQR) coefficient (IQR) coefficient (IQR) coefficient
< of of of
@) variance variance variance
E' GlycA 3294 119 0.87-1.90  10.62 3108 1.20 0.90-1.93 11.14 3129 121 0.84-2.25  13.87
S (mmol/L) (1.12-1.28) (1.12-1.29) (1.11-1.33)
o
@ CRP 3374 0.01 0.002-1.58  301.59 3189 0.01 0.0004-3.82  310.47 2958 0.02 0.002-4.89  287.76
(%) (mmol/l) (0.005-0.19) ((0.006-0.03) (0.01-0.05)
;_—> Mothers 48y 50y Combined group
= (47.57y)
o
= N Median Range % N Median Range % N Median Range %
< (IQR) coefficient (IQR) coefficient (IQR) coefficient
<) of of of
g variance variance variance
(c,vj GlycA 4243 1.22 0.86-2.21  13.12 2709 1.23 0.87-2.24 13.34 4453  1.22 0.85-2.21  13.20
=. (mmol/L) (1.13-1.33) (1.13-1.34) (1.13-1.33)
= (D)
CRP 4446  0.02 0.001-1.32 168.94 2584 0.02 0.004-1.66  184.85 4615 0.22 0.001-1.32 246.48
(mmol/l) (0.01-0.05) (0.01-0.05) (0.1-0.5)
(SD)
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Table 2
Means and standard deviations (SD) of GlycA and CRP at different timepointsin UKB
(mean age = 48y)

N Median (IQR) Range % coefficient of variance

GlycA (mmol/L)
CRP (mmol/l)

112424  0.78 (0.71,0.86)  0.27-1.56 14.66
112424  0.03 (0.01,0.06) 0.002-1.70  169.51
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Table 3
Cross-sectional associations between key deter minants of inflammation and GlycA at 15y,
18y and 24y
Variable Model 1 Modd 2* Modd 3**
Beta (se) 95% CI p Beta (se) 95% ClI p Beta (se) 95% ClI p
15y
BMI at 15y (kg/m?)  0.10 0.09,0.11 <0.001 0.09 (0.01) 0.08, 0.10 <0.001 0.08 (0.01) 0.07,0.10 <0.001
(0.005)
Age at 15y (months)  0.02 0.02,003  <0.001 0.02(0.01) 0.01,0.03  <0.001 0.01(0.01) -0.003, 0.114
(0.004) 0.03
Sex (female) 0.47 (0.04)  0.40,055  <0.001 0.47(0.04) 040,054  <0.001 0.32(0.05) 0.23,041  <0.001
Mother highest 0.10 (0.02) 0.06, 0.13 0.001 0.09 (0.02) 0.05, 0.12 <0.001 0.02 (0.02) -0.03, 0.07 0.364
educational
attainment
(Below degree
level)
Household Social 0.20 (0.05)  0.10,0.31 <0.001 0.17(0.06)  0.06,0.28 0.003 0.08(0.08)  -0.08,0.23  0.319
Class (Manual)
Infection present 0.49 (0.04) 0.41,0.57 <0.001 0.45(0.04) 0.37,0.54 <0.001 0.52 (0.05) 0.42,0.63 <0.001
Atopy diagnosis 0.16 (0.04) 0.09,0.23 <0.001 0.14 (0.04) 0.06, 0.21 <0.001 0.09 (0.04) 0.02,0.17 0.013
18y
BMI at 24y (kg/m?)  0.08 0.07,0.09 <0.001 0.07 (0.005) 0.06,0.08 <0.001 0.07(0.01)  0.05,0.09 <0.001
(0.004)
Age at 24y (months)  0.01 0.01,0.02  <0.001 0.01(0.004) 0.001,0.02 0.028 001(0.01) -0.01,0.02 0.233
(0.004)
Sex (female) 0.47 (0.04)  0.40,055  <0.001 0.47(0.04) 040,054  <0.001 0.36(0.06) 0.23,049  <0.001
Mother highest 0.08 (0.02) 0.04,0.12 <0.001 0.05(0.02) 0.01, 0.09 0.011 0.005 (0.03) -0.06,0.07 0.895
educational
attainment
(Below degree
level)
Household Social 0.15 (0.06) 0.04,0.26 0.008 0.06 (0.06) -0.06, 0.18 0.345 0.10(0.12) -0.13,0.33 0.385
Class (Manual)
Infection present 0.54 (0.05)  0.44,0.64 <0.001 0.45(0.06)  0.34,0.56 <0.001 0.52(0.09) 0.35,0.69 <0.001
Smoking frequency ~ 0.16 (0.03)  0.11,0.21  <0.001 0.12(0.03) 0.07,0.18  <0.001 0.06 (0.04) -0.02,0.15 0.150
at 18y
Drinking frequency ~ 0.02 (0.02)  -0.01,0.05  0.242 0.06 (0.02)  0.02,0.09 0.001 0.06 (0.04)  -0.02,0.13 0.135
at 18y
Atopy diagnosis 0.04 (0.04) -0.04,0.12 0325 0.03(0.04) -0.04,011 0383 0.04(0.05) -0.06,0.14 0.428
24y
BMI at 24y (kg/m?)  0.08 0.08, 0.09 <0.001 0.09 (0.004) 0.08,0.09 <0.001 0.09 (0.01) 0.07,0.10 <0.001
(0.003)
Age at 24y (months)  0.002 -0.002, 0.273 0.001 -0.003,0.01 0.588 0.002 -0.004, 0.457
(0.002) 0.01 (0.002) (0.003) 0.01
Sex (female) 0.05(0.04)  -0.03,0.13  0.195 0.05(0.04)  -0.03,0.13  0.186 0.07 (0.05)  -0.03,0.17  0.187
Mother highest 0.11 (0.02) 0.07,0.15 <0.001 0.10(0.02) 0.05,0.14 <0.001 0.01(0.03) -0.05, 0.07 0.749

educational
attainment
(Below degree
level)
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Variable Model 1 Modd 2* Modd 3**
Beta (se) 95% ClI p Beta (se) 95% CI p Beta (se) 95% ClI p

Household Social 0.35(0.06) 0.23,047  <0.001 0.29(0.08) 0.14,044  <0.001 0.23(0.11) 0.02,044  0.033
Class (Manual)
Atopy diagnosis 0.07 (0.04)  -0.01,0.15  0.085 0.06 (0.04)  -0.03,0.14  0.178 0.07 (0.04)  -0.02,0.15 0.126
Smoking frequency  0.12 (0.02)  0.07,0.17  <0.001 0.11(0.03) 0.06,0.17  <0.001 0.05(0.04) -0.03,0.12 0.234
at 24y
Drinking frequency ~ 0.03(0.02)  -0.02,0.07  0.236 0.01(0.02)  -0.04,0.06 0.689 -0.02 (0.03) -0.08,0.04 0.431

at 24y

*
Adjusted for sex and age, estimates for age were adjusted for sex and vice versa.

Ak
Adjusted sex, age, SEP, household social class, atopy, smoking frequency and drinking frequency. The variable was not included as a covariate if

used as the exposure.
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Table 4

Cross-sectional associations between key deter minants of inflammation and CRP at 15y,

18y and 24y
Variable Modd 1 Mode 2 Mode 3

Beta (se) 95% ClI p Beta (se) 95% ClI p Beta (se) 95% ClI p
15y
BMI at 15y (kg/m?) 0.09 (0.005) 0.08,0.10 <0.001 0.09 (0.01) 0.08, 0.10 <0.001 0.10(0.01) 0.08,0.11 <0.001
Age at 15y (months)  0.02 (0.004)  0.01, 0.02 <0.001 0.02 (0.01) 0.01,0.03 <0.001 0.02 (0.01) 0.002,0.03 0.026
Sex (female) -0.02 (0.04) -0.09,0.05 0.59 -0.02 (0.04) -0.09,0.05  0.535 -0.16 (0.04)  -0.25, <0.001
-0.07
Mother highest 0.08 (0.02) 0.04,0.12 <0.001 0.09 (0.02) 0.05,0.12 <0.001 0.02 (0.02) -0.03,0.07 0.371
educational
attainment
(Below degree level)
Household Social 0.14 (0.05) 0.03,0.24 0.01 0.16 (0.06) 0.04,0.27 0.007 0.15 (0.08) -0.01,0.30  0.059
Class
(Manual)
Infection present 0.46 (0.04) 0.37,0.54 <0.001 0.46 (0.04) 0.37,0.55 <0.001 0.48 (0.05) 0.37,0.58 <0.001
Atopy diagnosis 0.02 (0.04) -0.05,0.09 0.62 0.03 (0.04) -0.04,0.11  0.398 -0.02 (0.04) -0.09,0.05 0.598
18y
BMI at 18y (kg/m?) 0.08 (0.004)  0.07,0.09 <0.001 0.08 (0.005) 0.07,0.09 <0.001 0.08 (0.01) 0.07,0.10 <0.001
Age at 18y (months)  0.01 (0.004) 0.002,0.02 0.01 0.004 -0.004,0.01 0.311 0.01 (0.01) -0.01,0.02 0.473
(0.004)
Sex (female) 0.30 (0.04) 0.22,0.37 <0.001 0.29 (0.04) 0.22,0.37 <0.001 0.23(0.06) 0.11,0.35 <0.001
Mother highest 0.06 (0.02) 0.03,0.10 0.001 0.05 (0.02) 0.01, 0.08 0.022 0.002 (0.03) -0.06,0.07  0.946
educational
attainment
(Below degree level)
Household Social 0.03 (0.06) -0.08,0.14  0.566 -0.03(0.06) -0.15,0.09 0.64 0.02 (0.11) -0.20,0.24 0871
Class
(Manual)
Infection present 0.55 (0.05) 0.45, 0.65 <0.001 0.50 (0.05) 0.37,0.59 <0.001 0.52 (0.08) 0.35.0.68 <0.001
Smoking frequency 0.09 (0.03) 0.04,0.14 <0.001 0.08 (0.03) 0.02,0.13 0.006 0.07 (0.04) -0.02,0.15 0.136
at 18y
Drinking frequency 0.01 (0.02) -0.02,0.05 0.383 0.04 (0.02) 0.01, 0.07 0.018 -0.01 (0.04) -0.08,0.07 0.862
at 18y
Atopy diagnosis 0.05 (0.04) -0.03,0.12  0.223 0.04 (0.04) -0.03,0.12  0.367 0.04 (0.05) -0.06,0.14  0.392
24y
BMI at 24y (kg/m?) 0.08 (0.003) 0.07,0.08 <0.001 0.07 (0.004) 0.07,0.08 <0.001 0.08 (0.01) 0.06, 0.09 <0.001
Age at 24y (months)  -0.002 -0.01, 0.38 -0.001 -0.01,0.003 0.481 0.0003 -0.01,0.01  0.927
(0.002) 0.002 (0.002) (0.003)

Sex (female) 0.33 (0.04) 0.25, 0.41 <0.001 0.33(0.04) 0.25, 0.41 <0.001 0.35(0.06) 0.24,0.47 <0.001
Mother highest 0.10 (0.02) 0.06, 0.14 <0.001 0.08 (0.02) 0.04,0.12 <0.001 -0.01(0.07) -0.07,0.06 0.805
educational
attainment
(Below degree level)
Household Social 0.22 (0.06) 0.09, 0.34 0.001 0.14 (0.08) -0.01,0.29  0.069 0.17 (0.12) -0.06,0.40  0.138
Class
(Manual)
Atopy diagnosis 0.06 (0.04) -0.03,0.14  0.175 0.04 (0.04) -0.04,0.13  0.341 -0.01 (0.05) -0.10,0.09 0.881
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Variable Model 1 Model 2 Model 3
Beta (se) 95% ClI p Beta (se) 95% ClI p Beta (se) 95% ClI p
Smoking frequency 0.05 (0.03) 0.002,0.10 0.043 0.07 (0.03) 0.02,0.13 0.010  0.04 (0.04) -0.04,0.13  0.317
at 24y
Drinking frequency -0.04 (0.02)  -0.09,0.01 0.087 -0.03(0.03) -0.08,0.02  0.227 -0.06 (0.03)  -0.13, 0.063
at 24y 0.004

*
Adjusted for sex and age, estimates for age were adjusted for sex and vice versa.

Ak
Adjusted sex, age, SEP, household social class, atopy, smoking frequency and drinking frequency. The variable was not included as a covariate if

used as the exposure.
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Table 5
Cross-sectional associations between key deter minants of inflammation and inflammatory
biomarkersin the mothers cohort at mean age 47.57y

Variable Model 1 Model 2 Model 3

Beta (se) 95% ClI p Beta (se) 95% CI p Beta (se) 95% ClI p
GlycA
BMI (kg/m?) 0.10 (0.002) 0.09, 0.10 <0.001 0.10(0.002) 0.09,0.10 <0.001 0.09(0.003) 0.09,0.10 <0.001

Age (months)
SEP

0.004 (0.003)  -0.002,0.01 0.176 - - - 0.02 (0.003) 0.02,0.03  <0.001
0.19 (0.02) 0.15,0.22 <0.001 0.21(0.02) 0.18,0.24  <0.001 0.13(0.02) 0.10,0.16  <0.001

(below degree level)

Grandparents Social ~ 0.23 (0.04) 0.16, 0.30 <0.001 0.24 (0.04) 0.17,0.31  <0.001 0.08 (0.03) 0.02,0.15  0.013

Class (manual)

Atopic diagnosis 0.04 (0.02) -0.01,008 0133 004(0.02) -0.01,0.09 0115 0.02(0.02) -0.03,0.06 0474
CRP
BMI (kg/m?) 010(0.002) 010,011  <0.001 0.10(0.002) 0.10,0.1 <0.001 0.10(0.003) 0.10,0.11  <0.001

Age (months)
SEP

-0.004 (0.003) -0.01,0.002 0.278 - - 0.01 (0.003) 0.002,0.02 0.013
0.15 (0.02) 0.12,0.18 <0.001 0.16 (0.02) 0.12,0.19  <0.001 0.07 (0.02) 0.04,0.10  <0.001

below degree level)

Grandparents Social ~ 0.18 (0.04) 0.11,0.25 <0.001 0.18 (0.04) 0.11,0.25 <0.001 0.05(0.03) -0.01,0.12  0.097

Class (manual)

Atopic diagnosis

0.04 (0.02) -0.01,0.09  0.155 0.04(0.02)  -0.01,0.09 0.137 0.01(0.02)  -0.04,0.05 0.738

*
Adjusted age, estimates for age were left as in Model 1

Ak
Adjusted for age, SEP, grandparents household social class and atopy. The variable was not included as a covariate if used as the exposure.
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Table 6
Cross-sectional associations between key deter minants of inflammation and GlycA in
UKB

Variable Model 1 Modd 2* Modd 3**  (N=91591)

Beta (se) 95% CI p Beta (se) 95% ClI p Beta (se) 95% CI p
GlycA
BMI at (kg/m?) 1.64 (0.01) 1.61, 1.67 <0.001 1.64(0.01) 1.62,1.67 <0.001 1.59(0.01) 1.56, 1.62 <0.001
Age (months) 0.95 (0.02) 0.90, 0.99 <0.001 0.95(0.02) 0.90, 1.00 <0.001 0.74 (0.03) 0.69, 0.79 <0.001
Sex (female) -0.01 -0.01, <0.001 -0.01 -0.01, <0.001 -0.03 -0.03,-0.02  <0.001

(0.002) -0.003 (0.002) -0.004 (0.002)
Highest 0.24 (0.002) 0.23,0.25 <0.001 0.21(0.004) 0.20,0.22 <0.001 0.14(0.005) 0.13,0.15 <0.001
educational
attainment
(Below degree
level)
Smoking 0.07 (0.002) 0.07,0.074 <0.001 0.07 (0.002) 0.07,0.07 <0.001 0.07 (0.002) 0.07,0.09 <0.001
frequency
Drinking -0.03 -0.03,-0.02 <0.001 -0.02 -0.03,-0.02 <0.001 -0.02 -0.02,-0.01  <0.001
frequency (0.001) (0.001) (0.002)
CRP
BMI (kg/m?) 2.05 (0.01) 2.02,2.07 <0.001 2.06 (0.01) 2.04,2.09 <0.001 2.02(0.01) 1.91, 2.05 <0.001
Age (months) 0.98 (0.02) 0.93,1.02 <0.001 0.98(0.02) 0.94,1.03 <0.001 0.85(0.03) 0.82, 0.90 <0.001
Sex (female) -0.01 -0.02,-0.01 <0.001 -0.01 -0.02,-0.01 <0.001 -0.04 -0.043,-0.04 <0.001

(0.002) (0.001) (0.002)
Highest 0.23(0.004) 0.22,0.24 <0.001 0.20(0.004) 0.20,0.21 <0.001 0.12(0.005) 0.11,0.13 <0.001
educational
attainment
(Below degree
level)
Smoking 0.06 (0.002)  0.06, 0.07 <0.001 0.06 (0.002) 0.06,0.07 <0.001 0.07 (0.02) 0.07,0.08 <0.001
frequency
Drinking -0.02 -0.03, 0.02 <0.001 -0.02 -0.03,-0.02 <0.001 -0.01 (0.01) -0.02, -0.01 <0.001
frequency (0.001) (0.001)

*
Adjusted for sex and age, estimates for age were adjusted for sex and vice versa.

*Kk
Adjusted sex, age, SEP, smoking frequency and drinking frequency. The variable was not included as a covariate if used as the exposure.
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Table 7
Cross-sectional associations between inflammation-related diseases and GlycA and
hsCRP in UKB
Variable Model 1 Model 2° Model 3™ (n=91245)
Beta (se) 95% ClI p Beta (se) 95% CI p Beta (s) 95% CI p
CRP
Arthritis 0.01 0.009,001  <0.001 001 0.008,0.01 <0001 0.01 0.008,0.01  <0.001
(0.0003) (0.0003) (0.0004)
Asthma 0.02(0.001) 0.020,0.023 <0.001 0.02(0.001) 0.019, <0.001  0.01(0.001) 0.01,0.02 <0.001
0.023
Systemic Lupus ~ 0.0001 -0.00001, 00812  0.0001 -0.0001, 0085  0.0001 -0.00003, 0.120
Erthematosis (0.0001) 0.0002 (0.0001) 0.0002 (0.001) 0.0002
Multiple 0.001 0.0005, <0.001  0.001 0.0005, <0.001  0.001 0.0003, 0.0003
Sclerosis (0.0002) 0.001 (0.0002) 0.001 (0.0002) 0.001
Sinusitis 0.001 0.001,0.002  <0.001  0.001 0.001, <0.001  0.001 0.001,0.002  <0.001
(0.0002) (0.0002) 0.002 (0.0003)
Diabetes 0.03(0.001) 0.024,0.027 <0.001 0.03(0.001) 0020024 <0001 0.0003 -0.001,0.002 0.415
(0.001)
Crohn’s disease ~ 0.002 0.002,0.003 <0.001  0.002 0.002, <0.001  0.003 0.002,0.003  <0.001
(0.0002) (0.0002) 0.003 (0.0002)
Eczema 0.001 0.001,0.002  <0.001  0.001 0.001, 0001  0.001 0.0004, <0.001
(0.0002) (0.0002) 0.002 (0.0002) 0.001
Hepatitis C. 0.00003 -0.0001, 0691  0.0001 -0.0001, 0420  0.0001 -0.0001, 0.148
(0.0001) 0.0002 (0.0001) 0.0002 (0.0001) 0.0003
Clusters
Atopy 0.02(0.001) 0.02,0.03 <0.001 0.02(0.001) 0.021, <0.001 0.01(0.001) 0.01,0.02 <0.001
0.024
Infection 0.001 0.001,0.002 <0.001 0.001 0.001, <0.001  0.001 0.001,0.002  <0.001
(0.0003) (0.0003) 0.002 (0.003)
Autoimmune  0.04 (0.001) 0.039,0.042 <0.001 0.04 (0.001) 0.036, <0.001  0.01(0.001) 0.01,0.02 <0.001
0.040
GlycA
Arthritis 0.01 0.006,0.007 <0.001  0.01 0.005, <0.001  0.005 0.004,001  <0.001
(0.0003) (0.0003) 0.007 (0.0004)
Asthma 0.02(0.001) 0.016,0.02  <0.001 002 (0.001) 0015002 <0001 001(0.001) 0007,001  <0.001
Systemic Lupus ~ 0.0001 -0.0001, 0334 0.0001 -0.0001, 0323  0.0001 -0.0001, 0.417
Erthematosis (0.0001) 0.0002 (0.0001) 0.0002 (0.0001) 0.0002
Multiple 0.001 0.0003, 0.0001  0.001 0.0004, <0.001  0.001 0.0002, 0.002
Sclerosis (0.0002) 0.001 (0.0002) 0.001 (0.0002) 0.001
Sinusitis 0.001 0.0005, 0.0001  0.001 0.0004, <0.001  0.001 0.0003, 0.002
(0.0002) 0.001 (0.0002) 0.001 (0.0003) 0.001
Diabetes 0.03(0.001) 0.027,003  <0.001 003(0.001) 002003 <0001 001(0.001) 0007001  <0.001
Chron’s disease  0.002 0.002,0.003 <0.001  0.002 0.002, <0.001  0.003 0.002,0.003  <0.001
(0.0002) (0.0002) 0.003 (0.0002)
Eczema 0.001 0.0003, 0.0004  0.001 0.001, 0001  0.0003 -0.0002, 0.261
(0.0002) 0.001 (0.0002) 0.003 (0.0002) 0.001
Hepatitis C. 0.00001 -0.0002. 0881  0.00004 -0.0001, 0625  0.0001 -0.0001, 0.493
(0.0001) 0.0002 (0.0001) 0.0002 (0.0001) 0.0002
Clusters
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Variable Model 1 Model 2° Model 3 (n=91245)
Beta(se)  95% ClI p Beta (se) 95% Cl p Beta (s9) 95% Cl p

Atopy 0.02 (0.001) 0.016,0.02  <0.001 0.02 (0.001) 8'818' <0.001  0.01(0.001) 0.007,0.01 <0.001

Infection 0.001 0.0005, <0.001 0.001 0.0005, <0.001  0.001 0.0003, 0.002
(0.0003) 0.001 (0.0003) 0.002 (0.003) 0.001

Autoimmune  0.04 (0.001) 0.04,0042 <0001 0.04(0.001) 003,004 <0001 0.02(0.001) 0.01,0.02 <0.001

*
Adjusted for age and sex

*Kk
Adjusted for age, sex, SEP, BMI, ethnicity, smoking status, and drinking status.
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