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Abstract

Background—Inflammation is associated with depression, but causality remains unclear. We
investigated potential causality and direction of effect between inflammation and depression.

Methods—Using data from the ALSPAC birth cohort (n=4021; 42.18% male), we used
multivariable regression to investigate bidirectional longitudinal associations of GlycA and
depression and depression symptoms, assessed at ages 18y and 24y.

We used two-sample Mendelian randomization (MR) to investigate potential causality and
directionality. Genetic variants for GlycA were obtained from UK Biobank (UKB) (N=115,078);
for depression from the Psychiatric Genomics Consortium and UKB (N=500,199); and for
depressive symptoms (N=161,460) from the Social Science Genetic Association Consortium. In
addition to the Inverse Variance Weighted method, we used sensitivity analyses to strengthen
causal inference. We conducted multivariable MR adjusting for body mass index (BMI) due to
known genetic correlation between inflammation, depression and BMI.
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Results—In the cohort analysis, after adjusting for potential confounders we found no evidence
of associations between GlycA and depression symptoms score or vice versa. \We observed an
association between GlycA and depression (OR=1-18, 95% CI: 1.03-1-36).

MR suggested no causal effect of GlycA on depression, but there was a causal effect of depression
on GlycA (mean difference in GlycA = 0:09; 95% CI: 0-03-0-16), which was maintained in some,
but not all, sensitivity analyses.

Limitations—The GWAS sample overlap could incur bias.

Conclusion—We found no consistent evidence for an effect of GlycA on depression. There
was evidence that depression increases GlycA in the MR analysis, but this may be confounded/
mediated by BMI.
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Introduction

Major Depressive Disorder (MDD) is a prevalent psychiatric disorder and a leading cause
of disease burden (Smith, 2014) with a lifetime prevalence of 5-17% (Bains & Abdijadid,
2022). The identification of causal risk factors for MDD could provide novel targets for both
prevention and treatment.

An association between inflammation and depression has been identified in cross-sectional
and meta-analyses of case/control studies (Howren et al., 2009; Milaneschi et al., 2021b;
Osimo et al., 2020). Despite this, reverse causality cannot be ruled out because in both study
designs, the exposure and outcome are measured concurrently. Comparatively, prospective
cohort studies (which are better able to evaluate temporality/reverse causality) have found
evidence of a bi-directional relationship between depression and inflammation (Copeland et
al., 2012; Gimeno et al., 2009; Khandaker et al., 2018; Khandaker et al., 2014; Zalli et al.,
2016). Although unmeasured confounding may still bias these results, further support for
this bidirectional association has come from randomised control trials (RCTs) which are said
to be the “gold standard” for epidemiological evidence (Bonaccorso et al., 2001; Capuron

et al., 2002; Capuron et al., 2000; Capuron et al., 2001; Kéhler et al., 2014; Wittenberg et
al., 2020). For example, an RCT found that an interferon-alpha (IFN-a.) based treatment

for cancer raises serum-based cytokine levels, which in turn predict the development of
depressive symptoms (Bonaccorso et al., 2001). However, other factors could drive this
association such as the treatment causing lower feelings of wellbeing and hence an increase
in symptoms of depression.

Mendelian Randomisation (MR) (Richmond & Davey Smith, 2022; Sanderson et al., 2022)
aims to estimate the causal effect of an exposure on an outcome, by utilising the random
assortment of genetic variants from parents to offspring (Davey Smith & Ebrahim, 2003).
MR has differing and unrelated sources of bias compared to multivariable regression
analyses. Integrating results from different methods (triangulation) can enhance causal
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inference (Lawlor et al., 2017). A description of the assumptions underlying MR is provided
in the supplement.

MR studies have begun to investigate the causal effect of inflammation on depressive
symptoms (Milaneschi et al., 2021b; Ye et al., 2021). Ye et al. (2021) found that genetically
predicted higher CRP concentrations had a protective effect on depression and anxiety. In
contrast, genetically predicted higher interleukin-6 (IL-6) levels increased risk of fatigue and
sleep problems, but had no effect on overall depression score (Milaneschi et al., 2021b).
Other MR studies have reported positive causal effects of soluble IL-6 receptor (sIL-6R) on
depression (Kelly et al., 2021) and IL-6 activity increased risk of depressive symptoms (e
et al., 2021). Despite this, there are a limited number of SNPs associated with circulating
levels/concentrations of IL-6 at genome-wide significance that can be used as instrumental
variables (IVs; N< 2) (Ahluwalia et al., 2021). This makes interpretation of results difficult
as the IL-6 1VS sometimes reflect soluble IL-6 receptors (e.g. (Kelly et al., 2021)) rather
than circulating IL-6 levels.

Existing research has focused on the IL-6 cytokine and the acute-phase protein CRP
(production stimulated by IL-6 levels). Although, archetypal inflammatory markers, both
IL-6 and CRP also associate with anti-inflammatory roles within the immune system (Del
Giudice et al., 2018). Additionally, both biomarkers show daily fluctuations (Mills et al.,
2009; Nilsonne et al., 2016) and respond to short-term stressors (Brydon et al., 2004;
Edwards et al., 2006; Gouin et al., 2012; Heesen et al., 2002; Miller et al., 2005; Suarez et
al., 2006), suggesting that they are not ideal markers of chronic inflammation (Del Giudice
& Gangestad, 2018). Using biomarkers that better index chronic inflammation may help
understand the directionality and mechanisms underlying the association between depression
and inflammation.

Glycoprotein Acetyls (GlycA) is a nuclear magnetic resonance (NMR) biomarker of
inflammation which summarises the signals originating from glycan groups of certain acute-
phase glycoproteins. GlycA is elevated in patients with a diverse range of inflammation-
linked chronic conditions (Wiirtz et al., 2012; Wiirtz et al., 2014) and due to its composite
nature (Scott et al., 2015) displays long-term stability (Connelly et al., 2017). Therefore,
GlycA provides an overall index of inflammation in the body (Soininen et al., 2015;

Wiirtz et al., 2017) and is likely to be a superior marker of chronic systemic inflammation
compared to CRP or IL-6 (Collier et al., 2019; Ritchie et al., 2015).

Here we aim to understand the bidirectional relationship between chronic systemic
inflammation measured by GlycA and depression/depressive symptoms. We investigate
longitudinal associations using data from a population-based prospective UK birth cohort
(Boyd et al., 2013; Fraser et al., 2013; Northstone et al., 2019) and the potential causal effect
using bidirectional MR.

The Avon Longitudinal Study of Parents and Children (ALSPAC) birth cohort recruited
a total of 14,541 pregnant women residing in the former county of Avon; in South-West
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England (Boyd et al., 2013; Fraser et al., 2013; Northstone et al., 2019). Additional
information on ALSPAC is presented in the supplementary file. To be eligible for inclusion
in our current study, participants had to have one measure of GlycA and a completed

Short Moods and Feelings Questionnaire (SMFQ) at 18y or 24y (N=4021). The participant
flowchart is presented in supplementary Figure 1.

We used the SMFQ (Eyre et al., 2021; Thabrew et al., 2018; Thapar & McGuffin, 1998;
Turner et al., 2014) administered at mean ages 18y and 24y in ALSPAC as the primary
measure. We used the Clinical Interview Schedule-Revised (CIS-R) as a secondary measure
(Brugha et al., 1999; Lewis et al., 1992). The CIS-R is a diagnostic tool for depression

and can be used to assign International Classification of Diseases-10 (ICD-10) diagnoses of
depression (Brugha et al., 1999; Lewis et al., 1992). Here we define the outcome as whether
or not an individual was classified as having any form of depression (from mild through to
severe).

Plasma GlycA was quantified as part of a high-throughput proton (1H) Nuclear Magnetic
Resonance (NMR) metabolomic trait platform at mean ages 18y and 24y (Wiirtz et al.,
2017). Participants fasted overnight (or >6 hours if being seen in the afternoon) before
attending the clinic.

Mother’s highest education qualification, participant’s age, smoking status, drinking status,
BMI and ethnicity were used as covariates for this analysis. These variables were determined
a prioribased on known or plausible causes of both systemic inflammation and depression.

Further details about all the measures used and sample storage are presented in the
supplement.

Statistical analysis

Multivariable linear regression examined prospective associations between SMFQ scores
and GlycA levels and vice versa (exposure at 18y and outcome at 24y). Results were
presented sex combined (all p-values for sex interaction = 0-822). To account for

multiple testing, we applied a Bonferroni correction (adjusted level of significance=0.013).
Information on how the threshold was chosen is presented in the supplement. GlycA levels
and SMFQ scores were logged and z-scored to allow comparison between both directions of
association.

We used multiple imputation (MI) to impute missing exposure, outcome and confounder
data in the eligible sample, creating 25 datasets with 250 iterations. This aimed to balance
computational efficiency while ensuring consistency of results (Spratt et al., 2010). The
main and auxiliary variables are listed in supplementary table 1. Estimates were combined
using Rubin’s rules (Rubin & Schenker, 1991; Spratt et al., 2010; Sterne et al., 2009).

Univariable bidirectional two-sample Mendelian Randomisation

We used summary-level data from European population GWAS of GlycA (Clayton et al.,
2022), MDD (Howard et al., 2019) and depressive symptom (Okbay et al., 2016). The
GlycA GWAS was undertaken in UK Biobank data (UKB), the MDD GWAS (referred
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to as depression onwards) was from the Psychiatric Genomics Consortium (PGC) and the
depressive symptoms GWAS was from the Social Science Genetic Association Consortium
(SSGAC).

Instrument Selection—Genome Wide significant SNPs (P< 5-0 x10-8) were selected
from the previously GWAS as instrumental variables for GlycA, depression and depressive
symptoms. The datasets were harmonised, aligning the genetic association for exposure and
outcome on the effect allele using the effect allele frequency. Palindromic SNPs with allele
frequencies of above 0-42 were considered strand ambiguous and removed. SNPs that were
unavailable in the outcome datasets were replaced by proxy SNPs at R2>0-80. SNPs that had
a minor allele frequency of 0-01 or less were excluded.

Following harmonization, there were 50 SNPs in the analysis investigating the effect

of GlycA levels on depression (hereafter GlycA-depression), 40 SNPs in the analysis
investigating the effect of GlycA levels on depressive symptoms (hereafter GlycA-
depressive symptoms) and 47 SNPs in the analysis investigating the effect of depression on
GlycA levels (hereafter depression-GlycA). Full details of the instrument selection process
are presented in the supplementary materials. The GWAS of depressive symptoms identified
only two genome-wide significant SNPs and we therefore did not use depressive symptoms
as an exposure. Harmonized genetic association data for selected SNPs are presented in
supplementary tables 2-4 respectively.

Main analyses—The inverse variance weighted method (IVW method) (Lawlor et al.,
2008) was used to estimate effects in the primary analysis and assumes that there is no
directional horizontal pleiotropy. MR-Egger, weighted median and weighted mode methods
were used as sensitivity analyses. Consistency in results between methods strengthens causal
inference because they make different assumptions about pleiotropy (see supplement),
whereas divergent results suggest a violation of the third MR assumption (Bowden et

al., 2015; Bowden et al., 2016; Hemani et al., 2018). We reported F-statistics as a

measure of instrument strength and investigated MR assumptions using: Cochran’s Q,
MR-Egger intercept, Radial MR and MR Pleiotropy Residual Sum and Oultlier global test
(MR-PRESSO). Results are presented post-Steiger filtering. See supplementary table 5 for
a description of the MR methods and sensitivity analyses used. A post-hoc estimation

of statistical power for each analysis was calculated (Brion et al., 2013) (supplementary
table 6). To account for multiple testing, we applied a Bonferroni correction (adjusted

level of significance=0.017). This was to account for the three different analyses that were
investigated: GlycA-Depression, Depression-GlycA and GlycA-depressive symptoms.

Further Analyses—MR-Lap corrects for sample overlap, weak instrument bias and
winner’s curse (Mounier & Kutalik, 2021). It was used for the GlycA-depressive symptoms
analysis only because both the exposure and outcome must be continuous. A description of
MR-Lap is given in the supplement.

As a quality assurance test of the methodology and data sources we replicated our analyses
using I1L-6 as the biomarker of inflammation. We aimed to replicate previous null findings of
the bidirectional relationship between IL-6 and depression (Brunoni et al., 2020; Chu et al.,
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2021; Gimeno et al., 2009; Milaneschi et al., 2021b; Osimo et al., 2019; Perry et al., 2021).
Data sources, SNP selection and method of analysis are described in the supplement.

Multivariable Mendelian Randomisation

Results

Multivariable Mendelian Randomization (MVMR) is an extension of MR that estimates the
direct causal effect of multiple exposures on an outcome (Sanderson et al., 2019) and can be
used to account for pleiotropic pathways. Due to the proinflammatory role of adipose tissue
(Fantuzzi, 2005) and evidence of its bidirectional association with depression (Milaneschi
etal., 2019), we estimated the causal effects of genetically determined depression on
inflammation, independently of BMI. A detailed description of MVMR can be found in

the supplement. We used the BMI GWAS with the largest number of SNPs available (https://
gwas.mrcieu.ac.uk/; data code: ukb-a-248).

Instrument selection—We used the same thresholds for genome-wide significance, LD
and palindromic SNPs as in the univariable MR. The depression SNPs (n=302 post-pruning)
and BMI SNPs (n=316 post-pruning) were combined, forming a final exposure instrument
of 618 SNPs for the depression-GlycA MVMR.

Following harmonization with GlycA, 299 SNPs were available for the MVMR analysis.
Full details of the SNP selection process are presented in the supplementary material. We
only ran an MVMR for depression and BMI as exposures in relation to the outcome GlycA
because we found no evidence of an effect of GlycA on depression or depressive symptoms.
Due the exposure suffering from weak instruments, we repeated the MVMR using only the
genome-wide associated depression SNPs used in our univariable depression-GlycA MR
analysis (depression SNPs = 57) (referred to as restricted MVMR onwards; described in the
supplement). There were 49 BMI SNPs after pruning and a final exposure instrument of 99
SNPs for the depression-GlycA MVMR. After harmonization with GlycA, there were 47
SNPs available for the MVMR analysis.

Software—Information about the software used is presented in the supplement..

ALSPAC cohort study

In ALSPAC, observed mean GlycA levels were 1-21 mmol/L (SD: 0-13) at age 18y and
1.22 mmol/L (SD: 0.17) at age 24y. Median SMFQ scores were 5 (Interquartile range: 3-9)
at 18y and 5; IQR: 2-10) at 24y. The proportions of individuals with a CIS-R depression
diagnosis were 7% and 10% respectively. Unadjusted and adjusted correlation matrices of
the depressive symptoms at age 18y and 24y and GlycA levels at 18y and 24y are presented
in supplementary figure 2. The distributions of observed and imputed characteristics at ages
18y and 24y are presented in supplementary table 7.

Results from the multivariable regression using the imputed data are presented in table 1.
There was no evidence of crude or adjusted associations between depressive scores and
GlycA. There was no evidence of any association between depression at 18y and GlycA at
24y. There was a small positive relationship between GlycA levels at 18y and depression
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at 24y both before and after adjustment, but this did not survive the Bonferroni correction
(p<0.013) (table 2). Results from the complete case analysis are presented in supplementary
table 8 and were consistent with the main findings.

Mendelian randomisation analyses

Instrument validity

SNP-level F statistics were all >10 in univariable analyses, indicating that VW estimates
were not subject to weak instrument bias. The total variance explained (R2) across all SNPs
in the univariable MR for GlycA-depression was 4-64%, for GlycA-depressive symptoms
was 3-84% and for depression-GlycA was 0.36%. All SNPs passed Steiger filtering which
means we can assume that the SNPs explain more variation in the exposure than in the
outcome for each analysis. Genetic instruments, sample sizes and instrument F-statistics for
each GWAS are presented in supplementary table 9.

Potential Causal Effect of Genetically Predicted GlycA on Depression and
Depressive Symptoms—We found no evidence of an effect of genetically predicted
GlycA on depression in the MR-IVW analysis (IVW OR = 1.02, 95% CI: 0-99, 1-05). This
was consistent across the other MR methods (MR-Egger, weighted median and weighted
mode) (figure 1). Neither pleiotropy or heterogeneity were detected and results are presented
in the supplement

We found no effect of genetically predicted GlycA on depressive symptoms (IVW mean
difference in depressive symptoms per unit change in GlycA =0.01, 95% ClI: -0-02,

0-04). This was consistent across the other MR methods (MR-Egger, weighted median

and weighted mode) (figure 1). Some pleiotropy was detected and there was evidence of
heterogeneity (results presented in the supplement), thus we ran a Radial MR analysis which
detects and remove outlier SNPs. Radial MR did not change the results or identify any
outliers (results and a further description of radial MR are in the supplement).

Potential Causal Effect of Genetically Predicted Depression on GlycA Levels
—We found evidence of a positive effect of genetically predicted depression on GlycA
levels in the MR-IVW analysis (mean difference in GlycA per unit increase in genetically
instrumented depression=0:09, 95% C1=0-03, 0-16) and this withstood the Bonferroni
correction for multiple testing (p<0.017). However, other MR methods yielded estimates
consistent with no effect (figure 1). Some pleiotropy was detected and there was evidence
of heterogeneity (results presented in the supplement), thus we ran a Radial MR analysis.
Radial MR removed 1 SNP but results did not change (see supplement).

Further Analyses

MR-Lap results—There was no effect of GlycA on depressive symptoms (mean difference
in depressive symptoms per one-unit increase of GlycA was 0.02, 95% CI: -0.01, 0.04).

The non-corrected estimate and the estimate corrected for Winner’s curse, sample overlap
and weak instrument bias were similar (mean difference in depressive symptoms per one-
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unitincrease of GlycA being 0.02; 95% CI: -0.02, 0.05). This suggests that these biases were
not affecting our results (p=0.841) (Mounier & Kutalik, 2021).

IL-6 Analysis

Potential Causal Effect of Genetically Predicted IL-6 Levels on Depression—
We found no effect of genetically predicted IL-6 on risk of depression (Wald Ratio OR
=1.10, 95% CI: 0.94, 1.28) (supplementary figure 3). The F-statistic suggested that the
instrument was weak and Steiger filtering suggested that reverse causation was likely, but
due to being the only remaining SNP we did not remove it from the analysis.

Potential Causal Effect of Genetically Predicted Depression on IL-6 Levels—
We found no effect of genetically predicted depression risk on IL-6 levels in the MR-IVW
analysis (mean difference in IL-6 per unit increase in genetically instrumented depression=
0.01, 95% CI = -0.09,0.01). This was consistent across the other MR methods (MR-egger,

weighted median and weighted mode) (supplementary figure 3). There was no evidence of
pleiotropy or heterogeneity. Further details are provided in the supplement.

Given that these results replicate previous findings in the literature (Brunoni et al., 2020;
Chu et al., 2021; Gimeno et al., 2009; Milaneschi et al., 2021b; Osimo et al., 2019; Perry et
al., 2021) it provides assurance of the quality in our methodology and data sources.

MVMR controlling for the effect of BMI

For the independent effect of depression and BMI on GlycA, the conditional F-statistic
(Sanderson et al., 2021) suggested the instruments were strong for BMI (F=35-50) but

weak for depression (F=4-88). Genetically predicted depression did not have an effect

on GlycA (IVW mean difference in GlycA per unit increase in genetically instrumented
depression=0:04, 95% CI: -0-03, 0-11) (figure 2). However, there was evidence of
heterogeneity across the combined depression and BMI instruments (MVMR Q statistic:
p=5-32x10"19) suggesting that there could be pleiotropy in the combined set of SNPS. There
was a direct effect of BMI on GlycA (IVW mean difference in GlycA per one unit change in
BMI=0-29, 95% CI: 0-25, 0-32).

In the restricted MVVMR analysis, the conditional F-statistic suggested the instruments were
strong for depression (F=28.75) but weaker for BMI (F=8-69). There was evidence of a
direct effect of depression on GlycA (IVW = 0-07; 0-01, 0-13) (figure 2). However, again
there was evidence of heterogeneity across the set of instruments (MVMR Q statistic:
p=0-001). There was a direct effect of BMI on GlycA (IVW= 0-28; 0-06, 0-51).

Discussion

We found no effect of GlycA levels on depressive symptoms when using multivariable
regression or MR. We did find a positive association between GlycA levels and depression
when using multivariable regression, however this did not withstand correction for multiple
testing (p<0.013) and no effect was found in the MR analysis. Whilst we did find evidence
of an effect of genetically predicted depression on GlycA levels using MR which survived
Bonferroni correction (p<0.017), this did not persist in all sensitivity analyses and we did
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not observe an association in multivariable regression. Furthermore, when we controlled for
genetically predicted BMI, through the use of MVMR, we found that the effect attenuated to
the null. Weak instrument bias may have driven this attenuation and in the restricted MVMR
analysis which corrects for weak instruments, a positive effect of depression on resultant
GlycA levels persisted.

Comparison of results to existing literature

Studies examining the links between inflammation and depression including meta-analyses
of case/control studies (e.g.(Osimo et al., 2020)), RCTs (e.g.(Hannestad et al., 2011)),
longitudinal studies (e.g. (Khandaker et al., 2014) and cross-sectional studies (e.g.
(Anderson et al., 2022; Milaneschi et al., 2021a)) have reported associations between
inflammatory markers e.g. CRP, IL-6, TNF-alpha and even markers of macrophage
activation (Anderson et al., 2022; Postal et al., 2016; Ye et al., 2021; Zalli et al.,

2016) and depression. Khandaker et al., found that higher levels of IL-6 in childhood

were associated with risk of depression and risk of psychotic episodes in later life in a
longitudinal study (Khandaker et al., 2014). We may have not replicated this result because
inflammation exposure during sensitive periods (e.g., childhood) could play an important
role in depression onset (Nagy & Turecki, 2012). As the earliest measure of GlycA we used
was in adolescence, we may have missed this effect. The lack of an association may also be
because we investigated measures of inflammation and mental health in late adolescence and
early adulthood. Aging is associated with increased inflammation (Franceschi & Campisi,
2014) and duration of exposure to inflammation and/or depression. Therefore, we may have
missed key associations that appear in later life and this means that we cannot generalise

to older age groups. A prospective cohort study by Huckvale et al. (Huckvale et al., 2020)
of 3033 individuals with a mean age of 49.79 years found a positive association between
GlycA and depression. It is possible that the difference in age range between Huckvale’s
study and our study explains the difference in findings. Yet, another prospective cohort
study of individuals with a mean age of 51.5 years investigated the association between
GlycA and depression incidence, remission and persistence and found that GlycA did not
predict onset of depression (Brunoni et al., 2020). Therefore it is possible that the difference
between our study and Huckvale’s study arise from reasons other than age, such as ethnic
differences; the majority of individuals included in our study were white, whereas the
majority of individuals in Huckvale’s study were African American. Additional reasons we
did not replicate previous findings in our multivariable regression analyses could include the
different inflammatory markers studied or inflammatory marker assessment e.g. NMR signal
Versus immunoassay.

The majority of MR studies have focused on the effect of genetically predicted inflammatory
levels on depression (e.g. (Kelly et al., 2021; Milaneschi et al., 2021b)). Only few have
investigated the reverse association; Perry et al., 2021 found no effect of genetically
predicted depression on levels of immunological proteins such as IL-6. Here, we show

that there may be an effect of genetically predicted depression risk on GlycA levels. Our
observed null effect of GlycA on depression could reflect how the GlycA NMR signal is

a composite of acute phase proteins (Otvos et al., 2015; Scott et al., 2015). As such, the
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different proteins may differentially effect depression giving an overall null result (e.g. CRP
has been found to have protective effects on depression) (Ye et al., 2021).

Strengths and Limitations

Here we investigated the understudied bidirectional association between inflammation and
depression using a measure of chronic inflammation. We used two different epidemiological
methods to investigate the relationship of interest: 1) a multivariable regression longitudinal
analysis using a large-population-based cohort and 2) an MR analysis; both of which

can reduce bias from reverse causation. We undertook extensive sensitivity analyses

and explored pleiotropic paths via BMI in our MR analyses. Future research should

explore the depression-GlycA relationship as our finding could have clinical relevance:
depression treatments may need to include anti-inflammatory aspects to combat co-morbid
inflammation-related health conditions.

However, ALSPAC suffers from attrition which can introduce selection bias and potentially
attenuate the results towards the null. We used multiple imputation to minimise any such
bias. The post-hoc power calculations suggests that we had limited statistical power to
identify the effects of genetically predicted GlycA on depressive symptoms and depression
as statistically significant at alpha=0.05. There was sample overlap between the GlycA and
depression GWAS, but the bias incurred through sample overlap is less substantial compared
to biases produced by weak instruments or winner’s curse (Mounier & Kutalik, 2021). Thus
we used the largest depression GWAS to date and aimed to combat the bias using MR-lap,
which found no evidence of biased effects.

Conclusion

In conclusion, we found that GlycA did not appear to be associated with depressive
symptoms score in both multivariable regression or MR analyses. We found a potential
causal effect of depression on GlycA levels, but this attenuated to the null when
accounting for BMI in the MVMR, although the attenuation appeared to be driven by
weak instrument bias. In light of inconsistent evidence regarding the potential associations
between inflammation and depression, further work is needed to determine if reported
associations are causal or not and indeed whether depression increases inflammation, vice
versa, both or perhaps neither.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Forest Plot of VW and sensitivity analyses showing the bidirectional relationship
between genetically predicted GlycA on depressive symptomsand M DD.

t p<0.017 (Bonferroni correction)
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beta 95% Cl

0.04 (-0.019, 0.099)

007 (0.011,0.129)

beta 96% Cl

0.28(0.241,0.319)

0.28 (0.064, 0.496)

Figure 2. Forest Plot of MVMR-IVW estimates showing the direct effect of genetically predicted

GlycA, BMI and MDD on exposuresin both the unrestricted and restricted model.
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Table 1
Bidirectional longitudinal associations between continuous SMFQ and GlycA

Model 1 Mode 2
N Mean difference per SD 95% ClI p Mean difference per 95% ClI p
increase in exposure(SE) SD increasein exposure
(SE)
GlycA at 18y in relation to
SMFQ score at 24y 4021 0.03 (0.02) -0.01,0.07 0.11 -0.01(0.02) -0.05,0.04 0.80
SMFQ score at 18y in relation 4451 g 93 (0 gp) 001,007 014 0.02(0.02) 002,006 037

to GlycA levels at 24y

*
Adjusted for smoking status, drinking status, age in months at baseline, sex, ethnicity, maternal highest education qualification and BMI at 18y.
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Table 2
Bi-directional longitudinal association between depression and GlycA

Model 1 Mode 2*
N  OR(SE) 95% Cl p OR (SE) 9% Cl  p
GlycAat 18y inrelationto 4551 4 35 (9 1) 114,153 <005/ 1.20(0.10) 101,142 goat

depression at 24y

Mean difference per SD M ean difference per

incr in exposur &(SE) 95% ClI p (SSI’DEl)ncreasem exposure  95% CI p
Depression at 18y in 4021 0.12 (0.08) -0.05,028 0.17 0.06 (0.08) -0.10,0.23 0.45

relation to GlycA at 24y

*
Adjusted for smoking status, drinking status, age in months at baseline, sex, ethnicity, maternal highest education qualification and BMI at 18y.

T0<0.05

¢p< 0.013 (Bonferroni correction)
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