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Abstract

Background: Immunoglobulin G (IgG) N-glycans have been shown to be associated with the risk of type 2 diabetes
(T2D) and its risk factors. However, whether these associations reflect causal effects remain unclear. Furthermore, the
associations of IgG N-glycans and inflammation are not fully understood.

Methods: We examined the causal associations of IgG N-glycans with inflammation (C-reactive protein (CRP) and
fibrinogen) and T2D using two-sample Mendelian randomization (MR) analysis in East Asian and European popula-
tions. Genetic variants from IgG N-glycan quantitative trait loci (QTL) data were used as instrumental variables. Two-
sample MR was conducted for IgG N-glycans with inflammation (75,391 and 18,348 participants of CRP and fibrino-
gen in the East Asian population, 204,402 participants of CRP in the European population) and T2D risk (77,418 cases
and 356,122 controls of East Asian ancestry, 81,412 cases and 370,832 controls of European ancestry).

Results: After correcting for multiple testing, in the East Asian population, genetically determined IgG N-glycans
were associated with a higher risk of T2D, the odds ratios (ORs) were 1.009 for T2D per 1- standard deviation (SD)
higher GP5, 95% Cl=1.003-1.015; P=0.0019; and 1.013 for T2D per 1-SD higher GP13, 95% Cl=1.006-1.021;
P=10.0005. In the European population, genetically determined decreased GP9 was associated with T2D (OR=0.899
per 1-SD lower GP9, 95% Cl: 0.845-0.957). In addition, there was suggestive evidence that genetically determined IgG
N-glycans were associated with CRP in both East Asian and European populations after correcting for multiple testing,
but no associations were found between IgG N-glycans and fibrinogen. There was limited evidence of heterogeneity
and pleiotropy bias.

Conclusions: Our results provided novel genetic evidence that IgG N-glycans are causally associated with T2D.
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Background

Type 2 diabetes (T2D) is a chronic disease character-
ized by relative insulin deficiency and peripheral insulin
resistance with a high societal burden (Chatterjee et al.
2017; Khan et al. 2020; Liang et al. 2020). It is estimated
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Glycosylation is the most frequent posttranslational
modification, constituting the composition of proteins,
modulating their function and participating in many key
biological processes, including protein folding, molecu-
lar trafficking and clearance, cell adhesion and immune
regulation (Kristi¢ and Lauc 2017; Kronimus et al. 2019).
Immunoglobulin G (IgG) represents a highly abundant
protein and constitutes an important part of humoral
immune response (Nimmerjahn and Ravetch 2008).
N-glycans are linked to conserved asparagine-297 in the
Fc part of IgG, and switch its function between pro- and
anti-inflammatory (Kronimus et al. 2019; Yamaguchi
and Barb 2020). C-reactive protein (CRP) and fibrino-
gen can be considered as well-proven clinical mark-
ers of systemic inflammation, which are synthesized by
hepatocytes against inflammation (Dalmon et al. 1993;
Pepys and Hirschfield 2003). Previous studies suggest
that alterations of IgG N-glycans can mediate inflamma-
tory responses, and thus are associated with T2D risk
(Novokmet et al. 2014; Plomp et al. 2017). A number of
observational studies have also demonstrated that aber-
rant IgG N-glycans affect the pathogenesis of several
chronic inflammatory diseases (Ercan et al. 2010; Jin et al.
2013; Trbojevi¢ Akmaci¢ et al. 2015; Liu et al. 2018b;
Pavi¢ et al. 2018).

Limited data available from observational studies sug-
gested that IgG N-glycan changes have been linked to
clinical risk factors of T2D, such as age (Kristi¢ et al.
2014), BMI (Nikolac Perkovic et al. 2014; Greto et al.
2021), and dyslipidemia (Liu et al. 2018a). Furthermore,
IgG N-glycans have been identified to be correlated
with T2D in several case—control and prospective stud-
ies (Lemmers et al. 2017; Dotz et al. 2018; Li et al. 2019;
Wittenbecher et al. 2020). Although there is a growing
consensus that the role of IgG N-glycosylation is involved
in the development of T2D, it remains unclear whether
the associations of IgG N-glycans and T2D are causal or a
proxy for unmeasured confounding factors, and the pop-
ulation-scale evidence for the effects of IgG N-glycans on
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inflammation is scarce. Understanding the specific asso-
ciations of IgG N-glycosylation and T2D would help to
reveal the underlying inflammatory pathophysiological
processes and drug target of T2D. Consequently, further
study is needed to investigate the causality between the
alterations of IgG N-glycosylation and T2D.

Mendelian randomization (MR) studies, which use
genetic variants as instrumental variables for exposure,
can further support causality due to their randomly allo-
cated nature and circumvent confounding and reverse
causation (Emdin et al. 2017). None of previous study on
causality of IgG N-glycans and T2D used the MR design
so far. In this study, given the ethnic-specific differences
of IgG N-glycans (Gebrehiwot et al. 2018; Stambuk et al.
2020), we aimed to estimate the effects of genetically pre-
dicted IgG N-glycans on T2D risk using two-sample MR
in East Asian and European populations, respectively.
Second, we aimed to examine the potential associations
of genetically predicted IgG N-glycans with inflammation
(including CRP and fibrinogen).

Methods

Study design and data source

We used two-sample MR to examine the associations of
IgG N-glycans with T2D risk, and IgG N-glycans with
inflammation (including CRP and fibrinogen) in East
Asian and European populations (Fig. 1). The two-sam-
ple MR design is under the assumption that the genetic
variants are associated with exposure, but not with con-
founders. Besides, the genetic variants affect risk of
outcome only through exposure and not through any
alternative pathways.

In the East Asian population, information on genetic
variants associated with IgG N-glycan was collected from
IgG N-glycan quantitative trait loci (IgG N-glycan-QTL)
summarized data (Liu et al. 2018a, 2022). This genome-
wide association study (GWAS) involved 536 individu-
als from a cross-sectional study, and 7,108,659 single
nucleotide polymorphisms (SNPs) of each IgG N-glycan
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Fig. 1 Design of the current two-sample Mendelian randomization analysis. GP glycan peak, CRP C-reactive protein, 72D type 2 diabetes
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(24 glycan peaks) (excluding SNP with call rate<99%,
minor allele frequency<0.01 and imputation qual-
ity ratio<0.7) (Liu et al. 2022). The IgG N-glycans were
quantified using ultra-performance liquid chromatogra-
phy (UPLC) and 24 glycan peaks (GPs) were separated
from IgG N-glycans. The detail structures of each glycan
peak are descripted in Additional file 2: Table S1. Geno-
typing was performed on Illumina Omni Zhonghua chips
(Ilumina, San Diego, CA, USA) in this GWAS (Liu et al.
2020). Summary statistics data on associations of genetic
variants with CRP and fibrinogen were accessed through
a published large-scale GWAS by Biobank Japan, which
included 75,391 and 18,348 participants respectively
(Kanai et al. 2018). Data on association of genetic vari-
ants with T2D were obtained from a published GWAS
meta-analysis by of 77,418 cases and 356,122 controls
(Spracklen et al. 2020). In the European population,
summary statistics data on associations of genetic vari-
ants with IgG N-glycan were accessed through a recently
published GWAS (Klari¢ et al. 2020). The IgG N-glycans
were also detected by UPLC and separated to 24 GPs. We
also obtained association summary statistics with CRP
and T2D from respective GWAS studies (Ligthart et al.
2018; Mahajan et al. 2018). GWASs included in the cur-
rent study are described in detail in Table 1.

Genetic instruments for IgG N-glycans

Independent SNPs (low linkage disequilibrium (LD),
R?<0.001) associated with IgG N-glycans were identi-
fied as instrumental variables (IVs). The selected SNPs
were independent, namely, not in linkage disequilibrium
(R?<0.001). Independently associated SNPs (P<5 x 107%)
with IgG N-glycans were selected in European ancestry.
Because few genetic variants were available, referring
previous studies (Savage et al. 2018; Dong et al. 2021),
a relatively relaxed threshold (P<1x 107°) was used to
select SNPs in the East Asian population. Then, the F_
statistic (beta?/se?) was applied to evaluate the strength

Table 1 Characteristics of the GWAS used in this study
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for each SNP, and SNPs with less statistical power (F-sta-
tistics < 10) were removed to avoid weak IV bias.

Statistical analysis

First, two-sample MR analyses were performed to dis-
entangle the potential associations of IgG N-glycans and
T2D. For MR analyses, conventional inverse variance
weighting (IVW) (Burgess et al. 2013) and three sensi-
tivity analyses including MR-Egger regression (Bowden
et al. 2015), weighted median (WM) (Bowden et al. 2016)
and penalized weighted median (PWM) were utilized to
compute robust causal estimates on outcome of expo-
sures (Liu et al. 2021). When only 2 SNPs were avail-
able, the IVW method was used. Sensitivity analysis was
used when more than 2 SNPs are available. Heteroge-
neity of individual genetic variants effect was estimated
by Cochran’s Q test (Bowden et al. 2018). Multiplicative
random effects IVW models are used when heterogene-
ity exist. MR-Egger regression analysis can also assess the
directional pleiotropy based on its intercepts (Burgess
and Thompson 2017). Only 2 SNPs were available, thus
we searched each IV in the PhenoScanner v2 to deter-
mine potential pleiotropy (Kamat et al. 2019) (Additional
file 1: Table S2). In addition, we also provided scatter
plots and leave-one-out plots for further interpretation.
Leave-one-out analyses were performed to test the influ-
ence of outlying or genetic variants pleiotropy (Burgess
and Thompson 2017). All results are presented as odds
ratios (OR) with their 95% confidence interval (CI) of
outcomes per genetically predicted increase in each
exposure factor. To take into account multiple testing,
Bonferroni corrected P value threshold for 24/17 expo-
sures (P<0.002/0.003) was used to indicate statistical
significance. P<0.05 but above the Bonferroni corrected
significance threshold was considered as suggestive evi-
dence for a potential association. All analyses were per-
formed with R (version 4.0.2) with the “TwoSampleMR”
and “MendelianRandomization” packages.

Phenotype Sample size Ancestry Citation PMID

IgG N-glycans 536 East Asian Liu etal. (2022) 35545292

CRP 75,391 East Asian Kanai et al. (2018) 29403010
http://jenger.riken.jp/en/result/

Fibrinogen 18,348 East Asian Kanai et al. (2018) 29403010
http://jenger.riken.jp/en/result/

T2D 77,418 cases and 356,122 controls East Asian Spracklen et al. (2020) 32499647

IgG N-glycans 8090 European Klari¢ et al. (2020) 32128391

CRP 204,402 European Ligthart et al. (2018) 30388399

T2D 81,412 cases and 370,832 controls European Mahajan et al. (2018) 29632382

GWAS genome-wide association study, /gG Immunoglobulin G, CRP C-reactive protein, T2D type 2 diabetes
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Results

Associations of IgG N-glycans with T2D risk

The summary genetic association data of each GP are
reported in the Additional file 1: Tables S3 and S4. The
F-statistics for all SNPs are> 10 (Additional file 1: Tables
S3 and S4), suggesting that the selected SNPs have suf-
ficiently strong effects as IVs and unlikely have weak
instrument bias. In the East Asian population, MR
results showed positive effects of genetically deter-
mined GP5 and GP13 on T2D after multiple testing
(IVW OR, 1.009 for T2D per 1-SD higher GP5, 95%
CI=1.003-1.015; P=0.0019; 1.013 for T2D per 1-SD
higher GP13, 95% CI=1.006-1.021; P=0.0005; Figs. 2,
3 and Table 2). The results of genetically determined
GP13 with T2D are remain robust in three sensitivity
analysis (WM ORgp3=1.012, 95% CI=1.001-1.023,
PWM ORgp;3=1.013, 95% CI=1.006-1.021, MR-
Egger ORgp;3=1.003, 95% CI=1.000-1.006). However,
no significant effects of genetically predicted GP5 and
GP22 on T2D were observed in WM and PWM esti-
mates (Table 2). The MR analyses showed that there was
no pleiotropy bias and heterogeneity in 21 genetically
instrumented IgG N-glycans (all Ps>0.05), except GP5,
GP7, and GP17 (Table 2). Additionally, the leave-one-out
analysis showed no marked difference in causal estima-
tions of GP5 and GP13 on T2D in the conditions that
anyone SNP was excluded, suggesting that the inverse
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associations were not substantially driven by any individ-
ual SNP (Fig. 3).

In the European population, genetically determined
GP9 is associated with a higher risk of T2D after multi-
ple testing (IVW OR, 0.899 for T2D per 1-SD lower GP9,
95% CI=0.845-0.957; P=0.0008; Figs. 2, 4 and Table 3).
The results of genetically determined GP9 with T2D
are remain robust in WM and PWM sensitivity analy-
sis (WM ORgpy=0.924, 95% CI=0.866—0.985, PWM
OR(py=0.924, 95% CI=0.868-0.984). And the results
of IVW are reliable from the results of directional plei-
otropy of GP9 on T2D (Table 3). However, no significant
effects of genetically predicted GP5 and GP13 on T2D
were observed in the European population. The MR-
Egger method detected no evidence of directional plei-
otropy among each GP for T2D (all Ps>0.05, Table 3).
IVW results using multiplicative random-effects models
are presented when heterogeneity exist. The results of
leave-one-out sensitivity analysis support that no single
SNP drove the overall association between GP9 and T2D
(Fig. 4).

Associations of IgG N-glycans with inflammation

There was a suggestive association between genetically
predicted higher GP14 and CRP in IVW models after
multiple testing (OR, 1.009 for CRP per 1-SD higher in
GP14, 95% CI=1.001-1.032, P=0.0350; Additional
file 2: Table S5). In addition, as shown in Additional file 2:

(A)

Exposure SNPs OR (95%CI) P

GP1 124 - 1.003(0.999-1.007) 0.155
GP2 32 —e— 1.008(1.000—1.017) 0.0627
GP3 32 —— 1.006(0.997-1.016) 0.1791
GP4 24 — 1.001(0.988—1.013) 0.9283
GPs 66 —— 1.009(1.003-1.015) 0.0019
GP6 19 —— 1.006(0.992-1.020) 0.4101
GP7 24 —_— 0.988(0.970—-1.005) 0.168
GP8 13 —_— 0.990(0.972-1.008) 0.2744
GP9 13 — 0.998(0.984-1.013) 0.8406
GP10 23 —— 0.996(0.986-1.005) 0.3867
GPI11 13 — 0.993(0.979-1.007) 0.3528
GP12 39 —— 1.000(0.992-1.008) 0.9564
GP13 41 —— 1.013(1.006—1.021) 0.0005
GP14 16 —_— 1.001(0.986-1.016) 0.8952
GP15 14 —_— 0.995(0.980—-1.011) 0.5562
GP16 21 —— 1.001(0.991-1.012) 0.7972
GP17 49 —— 1.003(0.995-1.011) 0.5221
GP18 12 —_— 1.003(0.985-1.022) 0.7327
GP19 22 —— 1.001(0.989-1.012) 0.9151
GP20 60 —— 0.999(0.993-1.005) 0.7385
GP21 27 —— 1.003(0.993-1.012) 0.599
GP22 184 - 1.003(1.000—1.006) 0.0464
GP23 16 —— 0.994(0.982-1.006) 0.3202
GP24 17 —— 0.999(0.987-1.011) 0.8538

0.95 1 1.05

Fig. 2 Odds ratios (OR) and 95% confidence intervals (Cl) of the associations between genetically determined IgG N-glycans and T2D. A in the East
Asian population. B in the European population. GP glycan peak, 72D type 2 diabetes, SNP single nucleotide polymorphism

(B)

Exposure SNPs OR (95%CT) P

GP2 7 HH 0.999(0.965-1.034) 0.9497
GP4 2 —— 0.985(0.846—-1.148) 0.853
GP6 4 —.— 0.999(0.910-1.099) 0.9992
GP7 5 HH 0.979(0.933-1.028) 0.4033
GP8 2 —a— 1.041(0.923-1.174) 0.5147
GPY 4 - 0.899(0.845-0.957) 0.0008
GP10 5 [ ol 0.997(0.929-1.068) 0.9256
GP11 3 —a— 1.003(0.869-1.156) 0.9708
GP12 3 HH 1.008(0.958-1.060) 0.7625
GP13 3 HH 1.008(0.958-1.060) 0.7625
GP14 4 —a— 0.992(0.887-1.108) 0.8824
GP15 7 - 0.981(0.907-1.061) 0.6331
GP16 5 HH 1.017(0.981-1.054) 0.3652
GP18 3 . 1.057(0.984-1.136) 0.1281
GP20 2 —_— 0.925(0.561-1.524) 0.7289
GP22 2 - 1.014(0.931-1.104) 0.7502
GP23 3 —a— 1.022(0.895-1.167) 0.7487

T T 1
0.5 1 1.75
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Fig. 3 Leave-one-out plots and scatter plots of IgG N-glycans on T2D in the East Asian population. A Leave-one-out plots of GP5 on T2D. B
Leave-one-out plots of GP13 on T2D. C Scatter plots of GP5 on T2D. D Scatter plots of GP13 on T2D. Leave-one-out plots show the estimate of
GP5/GP13 on T2D after the corresponding SNP was excluded. Scatter plots show the per-allele association with T2D plotted against the per-allele
association with one standard deviation of GP5/GP13 (vertical and horizontal black lines presenting the 95% Cl for each SNP), with the slope
of each line corresponding to estimate the effect per method. SNP single nucleotide polymorphism, GP glycan peak, 72D type 2 diabetes, IgG
immunoglobulin G

Table S6, genetically predicted IgG N-glycans were not
associated with fibrinogen (for GP1-GP24, all Ps>0.05).
The MR-Egger and Cochran’s Q method detected few
evidences of directional pleiotropy and heterogeneity
among each GP for CRP and fibrinogen (Additional file 2:
Table S5 and Table S6), and IVW multiplicative random-
effects models were used when heterogeneity existed. In

the European population, there were suggestive associa-
tions between genetically determined IgG N-glycans on
CRP after multiple testing (IVW OR, 1.031 for CRP per
1-SD higher GP12, 95% CI=1.003-1.060, P=0.0278;
1.032 for CRP per 1-SD higher GP13, 95% CI=1.003—
1.061, P=0.0278; 1.066 for CRP per 1-SD higher GP22,
95% CI=1.005-1.131, P=0.0323; Additional file 2:
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Fig. 4 Leave-one-out plots and scatter plots of IgG N-glycans of GP9 on T2D in the European population. Leave-one-out plots show the estimate
of GP9 on T2D after the corresponding SNP was excluded. Scatter plots show the per-allele association with T2D plotted against the per-allele
association with one standard deviation of GP9 (vertical and horizontal black lines presenting the 95% Cl for each SNP), with the slope of each line
corresponding to estimate the effect per method. SNP, single nucleotide polymorphism; GP, glycan peak; T2D, type 2 diabetes; IgG, immunoglobulin
G

Table S7). No directional pleiotropy was detected in MR-
Egger method (Additional file 2: Table S7).

Discussion
In the present study, we are the first to describe the asso-
ciations of genetically predicted IgG N-glycans with
T2D, and assess the potential effects of IgG N-glycans on
inflammation (including CRP and fibrinogen) using two-
sample MR study in East Asian and European popula-
tions, respectively. The MR results showed that increased
genetically predicted IgG N-glycans of GP5 and GP13
were associated with a higher risk of T2D in the East
Asian population, and genetically predicted decreased
GP9 was associated with a higher risk of T2D in the
European population. In addition, there were suggestive
associations of genetically predicted IgG N-glycans on
CRP both in East Asian and European populations.
Several previous observational studies have investi-
gated that the associations between IgG N-glycans and
risk of T2D (Lemmers et al. 2017; Li et al. 2019), whereas
those results might be limited because of reverse causal-
ity or unmeasured confounding factors. Our analyses
help to clarify the causal relationship and infer a direc-
tion of effect, which is not possible in observational stud-
ies due to potential reverse causation. In addition, our
findings were consistent with previous studies that have

also reported that N-glycosylation was associated with
increased risk of T2D (Keser et al. 2017; Dotz et al. 2018;
Rudman et al. 2019) and its complications (Itoh et al.
2007; Testa et al. 2015; Singh et al. 2020). A study involv-
ing three populations also confirmed that the increased
complexity of plasma N-glycans including branching,
galactosylation and sialylation are associated with higher
risk of T2D (Keser et al. 2017). A case-cohort study pre-
sented that plasma N-glycome can identify high risk indi-
viduals before the onset of T2D, with the AUC value of
the model consisting of plasma N-glycans to distinguish
T2D from control as 0.83 (Wittenbecher et al. 2020).
Although the results of IgG N-glycans and risk of
T2D were statistically significant, these findings were
inconsistent in East Asian and European populations.
The differences of associations between IgG N-glycans
and T2D can be explained by ethnic differences of IgG
N-glycans, as reported in previous studies (Gebrehiwot
et al. 2018; Stambuk et al. 2020). IgG Fc segment is con-
nected to complex-type biantennary N-glycan structures,
which can control the binding affinity of IgG to activate
or inhibit IgG Fcy receptors, thereby affecting the effec-
tor function of IgG (Maverakis et al. 2015). The pro- and
anti-inflammatory effects of IgG are modulated by modi-
fications of N-glycan including galactose, fucose, sialic
acid, and bisecting GlcNAc (Maverakis et al. 2015). In the
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East Asian population, our analyses showed that geneti-
cally determined GP5 and GP13 were increasingly asso-
ciated with T2D. Specifically the results demonstrated
that the pathophysiology of T2D were predominantly
explained with increased of GP5 (abundance of a high-
mannose N-glycan structure), as well as GP13 contain-
ing bisecting GIcNAc. In general, IgG carrying bisecting
GlcNAc is associated with increased FcyRIII affinities,
thus enhancing antibody-dependent cellular cytotoxicity
(ADCC) activity (Zou et al. 2011). In consistent with our
results, evidence from several studies showed that higher
bisecting GIcNAc was elevated in response to inflam-
matory diseases (Vuckovi¢ et al. 2015; Greto et al. 2021).
However, effect of mannose N-glycan structure has not
yet been fully clarified. Higher mannose GP5 was associ-
ated with systemic lupus erythematosus (Vuckovi¢ et al.
2015), while previous studies showed that lower GP5 was
associated with ischemic stroke (Liu et al. 2018b) and
parkinson’s disease (Russell et al. 2017). In the European
population, genetically determined decreased GP9 was
associated with T2D, suggesting that decreased galacto-
sylation may increase the risk of T2D, which is consistent
with previous studies (Nikolac Perkovic et al. 2014; Liu
et al. 2018b). IgG N-glycans with decreased galactosyla-
tion mediate pro-inflammatory activity by recognizing
mannose binding lectin (MBL) and activating subsequent
complement (Matsumoto et al. 2000). Decreased galac-
tosylation also enhance FcyRIII affinity, thus enhancing
ADCC activity (Ackerman et al. 2013), and galactose
deficiency also affects sialylation to regulate immune
response.

The MR results provided only suggestive evidence that
the effects of genetically determined IgG N-glycans on
CRP, thus mediation analyses were technically unnec-
essary to perform. It is well know that T2D is a multi-
factorial disorder and a multi-layered process, besides
regulating the immune response pathway, N-glycans is
also involved in the etiology of insulin resistance (Prad-
han et al. 2001). And inhibitory IgG receptor FcyRIIB
plays an important role in activating obesity induced
insulin resistance in microvascular endothelium (Tani-
gaki et al. 2018). Previous studies indicated that the
faintly aberrant IgG glycosylation might play a cascad-
ing role in the pathogenesis of inflammatory disease (Liu
et al. 2018b). A possible explanation for the inconsistent
results in observational and our MR studies is that the
sample sizes of IgG N-glycan GWAS from both European
and Asian ethnic were too small to identify differences.

Although our study is a first MR analysis to explore this
causality in East Asian and European populations so far,
there are several limitations. Firstly, due to the relatively
small sample sizes of East Asian ancestry, we did not
filter out enough instrumental variables at P<5 x 1075,
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Therefore, we used SNPs meeting a more relaxed thresh-
old at P<1x 107>, which has been used in previous MR
studies (Dong et al. 2021). The F-statistics of all selected
SNPs are > 10, suggesting that all SNPs have sufficiently
strong effects as IVs. Secondly, we only assessed CRP and
fibrinogen as inflammation, but the levels of these inflam-
matory markers may not reflect the degree of inflamma-
tion in individuals. Thirdly, the effect sizes identified in
our study are relatively small, however, the primary pur-
pose of MR analysis is estimating the causal effects of
exposures on outcome. Finally, since most SNPs related
with IgG N-glycans could not be found corresponding
SNPs in outcome of fibrinogen GWAS, IgG N-glycans
and fibrinogen were not analyzed in the European popu-
lation. This may also suggest that there is no causal rela-
tionship between genetically determined IgG N-glycan
and fibrinogen.

Conclusions

In conclusion, we demonstrated that genetically pre-
dicted IgG N-glycans were associated with T2D both in
East Asian and European populations. In addition, there
was suggestive genetic evidence for potential associations
of genetically predicted IgG N-glycans and CRP. A more
large-scale IgG N-glycan-QTL and further investigation
are likely needed to validate our findings, and to clarify
the mechanistic pathways of T2D.
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