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Background: Epidemiological observational studies have investigated the
relationship between rheumatoid arthritis(RA) and pre-eclampsia, but no
consistent conclusions were obtained due to various limitations. Hence, we
conducted a two-sample mendelian randomization analysis to evaluate the
potential causal effect of RA on pre-eclampsia.

Methods: Summary-level statistics for RA were derived from a large-scale meta-
analysis of datasets of genome-wide association studies(GWAS) which involved
14,361 cases and 43,923 controls. Moreover, summary statistics for pre-eclampsia
or eclampsia were sourced from the Finn biobank which contained 3,903 cases
and 114,735 controls. The inverse variance weighting (IVW) as well as other four
effective methods including MR-Egger, weighted median, weighted mode, and
simple mode were applied to deduce the potential causal relationships between
RA and pre-eclampsia comprehensively.

Results: The two-sample MR analysis suggested a strong causal relationship
between RA and pre-eclampsia[OR,1.05;95%Cl, 1.01-1.09;p<0.05]. The OR
estimates obtained from the weighted mode[OR,1.09;95%CI,1.03-1.15;
p<0.01] and weighted median[OR,1.07;95%Cl, 1.01-1.14;p<0.05] were similar
to those from the IVW method, but there was no significant association
observed in MR Egger and simple mode analysis.
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Conclusion: This MR analysis provides evidence of a positive causal association
between RA and pre-eclampsia genetically. Our findings highlight the
importance of more intensive prenatal care and early intervention among
pregnant women with RA to prevent potential adverse obstetric outcomes.
Moreover, our study provides clues for risk factor identification and early
prediction of pre-eclampsia.
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rheumatoid arthritis, pre-eclampsia, pregnancy, causal effect, mendelian
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Introduction

Hypertensive disorders of pregnancy(HDP) are common
pregnancy complications, which are comprised of gestational
hypertension, pre-eclampsia or eclampsia, pre-eclampsia
superimposed on chronic hypertension, and chronic
hypertension. HDP, especially pre-eclampsia, complicate 2-8%
of pregnancies and account for a substantial proportion of
maternal and perinatal mortality (1, 2). Worldwide, more than
50,000 pregnant women and 500,000 fetuses have died from pre-
eclampsia (3). The multifactorial pathogenesis of HDP is
complex, and it can be influenced by the environment during
pregnancy as well as the underlying pathological and
immunological conditions of patients. Pre-eclampsia as a type
of HDP, results from heterogeneous causes (4).Some potential
risk factors for pre-eclampsia include history of pre-eclampsia,
chronic hypertension, pre-gestational diabetes, multifetal
pregnancy, obstetric complications in a previous pregnancy
such as fetal growth restriction, stillbirth, abruption, and
autoimmune diseases including antiphospholipid syndrome
and systemic lupus erythematosus (5, 6). However, most of
factors that have been identified lack accuracy in predicting its
onset and preventative therapies only moderately reduce a
woman’s risk of pre-eclampsia. Therefore, it is crucial to
identify more reliable risk factors for the identification and
early prediction of pre-eclampsia.

Rheumatoid arthritis(RA) is a systemic autoimmune disease
with a chronic inflammatory process, which has a female
predominance (7). Several studies have investigated the potential
relationship between RA and pre-eclampsia and provided
conflicting results, possibly due to residual confounding. A cohort
study of 312,081 women has reported that women with RA were
significantly more likely to have hypertensive disorders in
pregnancy [OR,1.51;95% CI, 1.16-1.97;p<0.01] (8). Particularly for
pre-eclampsia, a nationwide population-based study in Taiwan
showed that the odds of women with RA suffering from pre-
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eclampsia was 2.22 times that of women without RA[OR,2.22; 95%
CI, 1.59-3.11] (9). However, another research showed that although
the confidence intervals approached significance for outcomes, no
greater risk existed among women with RA than non-RA women of
suffering from pre-eclampsia[aRR,1.08;95% CI, 0.97- 2.50] (10).
Owing to the complication of pregnancy, and study deficiencies
such as geographical and ethnic differences, reverse causation,
selection bias, and other potential biases (11), these observational
studies do not adequately and directly reflect the causal association
between RA and pre-eclampsia.

Mendelian randomization(MR) is an emerging analysis
method that uses genetic variants as instrumental variables
(IVs) to evaluate the causal effect of modifiable exposures on
outcomes (12). Because of the randomization of genetic variant
inheritance, MR analysis can reduce the possibility of being
influenced by potential confounders and reverse causation bias,
inferring the correlation between exposure and outcome
genetically, thus providing more reliable results (13).
Therefore, we conducted a two-sample MR analysis to explore
the causal effect of RA on pre-eclampsia.

Method
Study design

In this study, we conducted a two-sample MR to evaluate the
causal association between RA and pre-eclampsia. SNPs were
used as instrumental variables (11). To maximize the accuracy of
results, three important hypotheses must be confirmed during
the whole process (14). First, the selected IVs should be directly
associated with RA. Second, the IVs are independent of any
potential confounders that impact exposure and outcome. Third,
the IVs influence pre-eclampsia only through RA. All original
studies acquired ethical review approval and informed
consent (Figure 1).
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Assumption 2
IVs are independent of any potential confounders
that impact exposure and outcome

L
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Assumption 1
IVs are directly
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confounders

Hypothesis3
IVs influence pre-eclampsia
only through RA

FIGURE 1
Overview of the MR design. MR, mendelian randomization.

Data source

Datasets of genome-wide association studies(GWAS)
provide reliable instruments for MR analyses. In our study,
summary-level statistics for RA were derived from a large-scale
meta-analysis of GWAS which involved 14,361 cases and 43,923
controls (15). And summary statistics for pre-eclampsia or
eclampsia were sourced from the Finn biobank which
contained 3,903 cases and 114,735 controls. The threshold
for SNP selection was P <5e-8 and all SNPs and related data
were sourced from studies that separately analyzed only
populations of European ancestry to eliminate demographic
stratification bias.

IVs selection

The linkage disequilibrium (LD) in selected SNPs was tested
to ensure the data were valid. We conducted the clumping
procedure to filter independent SNPs within a window size of,
5000kb and r2<0.01 threshold. Then, the F-statistics were
calculated to evaluate the strength of each IV and exclude
weak instruments. The following rigorous mathematical
formula was adopted:

F=R2x (N-K-1)/[K x (1 -R2)]

where R2 indicates exposure variance explained by each IV,
N refers to the sample size of the GWAS, and K denotes the
number of SNP for MR analysis. F>10 indicated sufficient
strength of the instruments, which meant the IVs had enough
estimated effect for the subsequent MR analysis without weak-
tool bias. In this study, we used 65 SNPs as eligible IVs after
eliminating ten SNPs with minor allele frequency (MAF) less
than the threshold of 0.01. Finally, according to alleles and allele
frequencies, we harmonized the SNPs of exposure and outcome
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by removing or adjusting SNPs with inconsistent alleles to
ensure they have corresponding alleles.

Statistical analyses

In this study, we used the inverse variance weighting (IVW)
method as the main approach to deduce the potential causal
relationships between RA and pre-eclampsia. Other four
effective methods including MR-Egger, weighted median,
weighted mode, and Simple mode were also applied to
evaluate the possible relationship comprehensively.

Characterized by using the inverse of outcome variance as
weight and not taking the intercept into account, the IVW
method can provide unbiased causality estimates in an ideal
state where all selected genetic variations are assumed to be valid
IVs without pleiotropy (16). In terms of MR-Egger, although the
significant influence of outlying genetic variables may contribute
to its low statistical ability, it can infer the corrected causal effect
and provide estimates without bias, even if all selected IVs are
not valid (16, 17). If at least 50% of the information from valid
instruments is accessible, the weighted median method can offer
accurate and robust effect estimates (18). And as for the weighted
mode, it is reliable on the condition that the largest subset of
instruments with similar causal effects is valid.

Sensitivity analyses

Firstly, several sensitivity analyses were conducted to assess
pleiotropy. We performed the mendelian randomization
pleiotropy residual sum and outlier (MR-PRESSO) to detect
potential outlier variants (19). Furthermore, the MR-Egger
regression was used to evaluate the bias generated by gene
pleiotropy, of which the intercept is an indicator (17).
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Secondly, the Cochrane Q statistic was applied to quantify the
heterogeneity between SNPs, where the p-value greater than 0.05
indicated no heterogeneity. Thirdly, we utilized the leave-one-
out analysis to verify where there exist outliers affecting the
result strongly by eliminating each SNP in turn and then
performing the IVW method on the rest.

At last, scatter and forest plots were provided to visualize the
result of the MR analysis. We did all the analyses on the R
software (version 4.2.1.; R Foundation for Statistical Computing,
2021) and RStudio(version, 2022.07.0 + 548), and R package
TwoSampleMR and MR-PRESSO were used.

Result

Sixty-five independent (LD R’< 0.01) and genome-wide
significant (p< 5e-08) SNPs were identified as qualified IVs
with all F-statistics above 10. Detailed information is available
in Supplementary Data Sheet 1.

Notably, the two-sample MR analyses showed a strong
causal relationship between RA and pre-eclampsia or
eclampsia[OR,1.05;95%CI, 1.01-1.09;p<0.05]. The OR
estimates obtained from the weighted mode[OR,1.09;95%
CL1.03-1.15;p<0.01] and weighted median[OR,1.07;95%CI,
1.01-1.14;p<0.05] were similar to those from IVW method, but
there was no significant association observed in MR Egger and
Simple mode analysis. The results of the five MR analysis
methods are shown and visualized in Figure 2.

In the sensitivity analyses, no evidence for directional
pleiotropy was obtained when we performed MR-Egger
regression to reanalyze the result[p=0.79]. And no outlier

10.3389/fimmu.2022.1080980

SNPs were identified by using MR-PRESSO in our study.
Heterogeneity was evaluated by Cochrane’s Q test, and the
results of both IVW and MR Egger analysis were not
significant[p>0.05] (Figure 3). Furthermore, leave-one-out plots
suggested the causal estimates were unlikely to be influenced by
certain SNPs (Figure 4). In addition, SNP effects individually and
jointly from each MR method were displayed in scatter
plots (Figure 5).

Discussion

For the first time, we conducted a two-sample MR analysis to
investigate the causal effect of RA on pre-eclampsia, which
suggested a strong positive association. The results were
reliable and robust in sensitivity analyses. We chose the largest
genome-wide meta-analysis result for exposure with the
advantage of analyzing two distinct ancestral populations
originally. Results in the European population could be
validated by the other one, which especially provided more
reliable GWAS data for MR analysis (15).

Several previous observational studies have been conducted
but the conclusions were not consistent. Contradictory to our
results, a study with a sample size of 2,802 investigated the risk of
pregnancy complications in women with RA in Washington
State and showed no significant difference in pre-eclampsia (10).
A similar result was revealed when Norwegian researchers
conducted a study of 631 women diagnosed with RA before
the age of 45, but the exposure of this study included women
diagnosed with RA as well as other types of chronic
inflammatory arthritides, to some degree, reducing the

MR Egger 1.056 0.988-1.125 0.1200
Weighted median 1.075 1.006-1.143 0.040
Inverse variance weighted 1.049 1.005-1.093 0.032
Simple mode 1.130 0.965-1.295 0.151
Weighted mode 1.089 1.029-1.150 0.007
OR, odds ratio; CI, confidence interval.
Weighted mode =
Simple mode
Invwese variance weighted ——
weighted median s
MR Egger s
OI,9 1.0 1|.1 1I,2 1|.3 1!4 OR

FIGURE 2

Results of MR analyses conducted to estimate potential associations between RA and risk of pre-eclampsia. MR, mendelian randomization; RA,

rheumatoid arthritis.
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A
‘ MR Egger -0.02951778 0.03765464 0.4360315
SE, standard error.
B
Main MR RA Raw 0.048 0.022 2.148 0.036
RA | Outlicr-corrected | NA NA | NA | NA
RSSobs of Global Test 83.204
in MR-PRESSO results:
p value of Global Test 0.084
in MR-PRESSO results:
Sd, standard deviation; T-stat, T-statistics; RA, rheumatoid arthritis.
C methods 0 4  Plake
MR Egger | 7872210 | 63 | 0.087
Inverse variance weighted ‘ 78.80798 ‘ 64 ‘ 0.101
OR, odds ratio; CI, confidence interval.
FIGURE 3

Pleiotropy and heterogeneity testing in sensitivity analyses of IVs for RA. (A) Pleiotropy testing using MR Egger regression (B) Pleiotropy testing
using MR-PRESSO. (C) Heterogeneity testing using the Cochrane Q statistic. IV, instrument variant; RA, rheumatoid arthritis; MR, mendelian
randomization; MR-PRESSO, mendelian randomization pleiotropy residual sum and outlier.

FIGURE 4

1512192620

1534673422

1511574914

1578434076

1512466919
1512918327

1562422878
1576153210
1576739100
1512530098
1513103285
15144800424
1511265409

1511889341

15117026326

1s3177747

152281830
153806624
153757387
152847297
151014779

15212389
157170107

159693589
r$9296059
rs9532434

15502919
151234313

rs3761959

154713777
$2233424
54602367

157206670
rs1355208

s9927316
152075877
157748243

52918392
rs4963581

157749323
151538981
rs1883832
s9943599
156679677
159784858
151265100

155020946
159271365

Al

0.00 0.04 008
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FIGURE 5

Scatter plot illustrating the distribution of individual ratio
estimates of RA with pre-eclampsia as the outcome. Trend lines
derived from five different MR methods indicate cause and
effect. Inverse variance weighted(light blue), Weighed median
(dark green), MR Egger(dark blue), weighted mode(red), Simple
mode(light green); SNP, single-nucleotide polymorphism; RA,
rheumatoid arthritis; MR, mendelian randomization.

accuracy of the association inference (20). Due to the limitation
of sample size, ethnic homogeneity, and insufficient
information, these observational studies with negative results
may carry various biases and cannot provide very accurate
inferences. On the other hand, our positive causality is in
accordance with several previous studies that concluded
pregnant women with RA suffered a higher risk of pre-
eclampsia. In a retrospective population-based study in the
United States, women with RA had a greater likelihood to
develop eclampsia or pre-eclampsia. It emphasized the
awareness of these risks and suggested women with RA be
closely monitored for high-risk pregnancy (21). Not only pre-
eclampsia but also other pregnancy complications had a higher

\/

&
)

rheumatoid arthritis

TNF-a and IL-6
mediate

=D
eendothelial cell activation ~ pregnant rats

& pre-eclampsia

FIGURE 6

\/
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conferred susceptibility
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frequency to occur when RA patients were pregnant, so doctors
should pay more attention to evaluating and detecting
complications during the entire pregnancy process (22). In a
word, whether RA will increase the risk of pre-eclampsia during
pregnancy or not is inclusive, and more reliable analyses should
be conducted to provide more solid evidence and give
suggestions for clinical practice.

The positive correlation between RA and pre-eclampsia has
been presumed for multiple reasons (Figure 6). Firstly, data from
animal studies conducted by Babbette LaMarca et al. supported
that endogenous TNF-alpha was vital in mediating endothelial
cell activation and pre-eclampsia (23). Meanwhile, Zhongbin Lai
et al. and Julia M Orshal et al. respectively examined the crucial
role of interleukin-6(IL-6) in the pathogenesis of eclampsia by
knocking out the IL-10 gene and treating pregnant rats with IL-6
(24, 25). Tt is well known that IL-6 and TNF-o are confirmed to
mediate many chronic inflammatory diseases, especially
rheumatoid arthritis (26, 27). Therefore, it is reasonably
assumed that increased production of IL-6 and TNF-o in RA
patients might be associated with a higher risk of pre-eclampsia.
Secondly, from the molecular perspective, research respectively
confirmed that cysteine—cysteine chemokine receptor type 5
(CCR5) delta 32 polymorphism conferred susceptibility to
both RA in Europe with a significant negative association and
pre-eclampsia in the population consisting of Caucasians with
the same allele (28, 29). These two studies provided evidence for
the assumption that patients with RA may possess less mutation
of CCR5 delta32, which increases the incidence of pre-
eclampsia. Notably, animal experiments and further studies
are required to confirm this inference. Thirdly, another
hypothesis focuses on the role of vascular endothelial growth
factor(VEGF). Yusuke Murakami et al. found that exogenous
VEGF can induce preeclampsia-like symptoms in pregnant mice
(30). Meanwhile, a systematic review and meta-analysis

&
M

patients with rheumatoid arthritis

\/

level of irculating VEGF
significantly elevated

CCR5A iy 2e
5432 °
polymorphism ° VEGF °
e "o
e °
with the same allele
exogenous VEGF
endogenous TNF-a knock out IL-10 1. a
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mediate treat with IL-6

—)
preeclampsia-like symptoms
in pregnant mice

Three potential underlying mechanisms of the positive correlation between RA and pre-eclampsia. RA, rheumatoid arthritis.
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concluded that compared with that in the healthy population,
the level of circulating VEGF in patients with RA was
significantly elevated (31). So, we presumed that the
upregulated expression of VEGF in RA patients might induce
pre-eclampsia during pregnancy.

The results of several related research should be considered.
Bandoli, G. et al. found that pregnancy complications,
particularly pre-eclampsia, can mediate some excess risk for
adverse pregnancy outcomes(APOs). Based on the calculation,
20.4% of the excess preterm birth that happened to women with
RA was due to pre-eclampsia/hypertension and it also accounted
for more than 10% of the excess cesarean delivery (32).
Interestingly, according to a systematic review of the risk of
APOs prior to the onset of an autoimmune rheumatic disease,
the incidence of APOs in pre-RA pregnancies was similar to that
in the general population, which suggests a reassuring pregnant
condition for pre-RA women (33).

A chief strength of our study is the two-sample MR design
which allowed us to evaluate the potential causal effect based on
large-scale GWAS with credible sample sizes(14,361 RA cases
and 43,923 controls; 3,903 pre-eclampsia/eclampsia cases and
114,735 controls). In the meanwhile, because SNPs are randomly
distributed at conception, biases caused by potential
confounders and reverse causation can be reduced significantly
in this design. It is worth mentioning that our result can present
a lifelong pregnant risk for women with RA since genetic
variants could not be changed from the time you were born.

The limitations of our study should be noted as well. Firstly,
we only enrolled European ancestry populations in our study
which means all related data were sourced from studies that
separately analyzed only populations of European ancestry. The
uniformity of participants eliminates demographic stratification
bias and ensures the accuracy of MR analysis results, but
whether our findings can be applied to other populations or
not remains to be validated. Therefore, further analyses
involving other populations require being conducted to
confirm whether our findings can be generalized or not.
Secondly, the data on outcome was collected from the
population with pre-eclampsia or eclampsia and no more
specific information was given to describe the severe degree of
disease. Further studies are warranted to research the association
between RA and subtypes of pre-eclampsia.

Conclusion

This is the first MR analysis conducted to explore the
causality of RA on pre-eclampsia. We find a positive
association between RA and elevated risk of pre-eclampsia.
Our findings highlight the importance of more intensive
prenatal care and early intervention among pregnant women
with RA to prevent potential adverse obstetric outcomes.
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Moreover, our study provides clues for risk factor
identification and early prediction of pre-eclampsia.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary Material. Further
inquiries can be directed to the corresponding author.

Author contributions

DZ and SY designed the research. WG and DZ collected and
analyzed the data. LY, YL, TO, SY, YZ, and YH performed the
literature search. DZ and YH drafted the article. YS, WG, YZ,
and YH corrected and edit the article. All authors contributed to
the article and approved the submitted version.

Funding

Our study was supported by funding from projects of
Chengdu Science and Technology Bureau, (YZ, Grant No.,,
2021-YF05-02110-SN), China Postdoctoral Science Foundation
(YZ, Grant No., 2020M680149, 2020T130087ZX), Sichuan
Natural Science Foundation for Youth (China, NO.,
2022NSFSC1281) and Sichuan Medical Association
Foundation(China, NO. $21006).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fimmu.2022.1080980/full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2022.1080980/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2022.1080980/full#supplementary-material
https://doi.org/10.3389/fimmu.2022.1080980
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Zhang et al.

References

1. Khan KS, Wojdyla D, Say L, Giilmezoglu AM, Van Look PF. WHO analysis
of causes of maternal death: a systematic review. Lancet. (2006) 367(9516):1066-74.
doi: 10.1016/S0140-6736(06)68397-9

2. Steegers EA, von Dadelszen P, Duvekot JJ, Pijnenborg R. Pre-eclampsia.
Lancet. (2010) 376(9741):631-44. doi: 10.1016/S0140-6736(10)60279-6

3. Karrar SA, Hong PL. Preeclampsia. StatPearls. Treasure Island (FL: StatPearls
PublishingCopyright © 2022, StatPearls Publishing LLC (2022).

4. Ness RB, Roberts JM. Heterogeneous causes constituting the single syndrome
of preeclampsia: a hypothesis and its implications. Am J Obstet Gynecol. (1996) 175
(5):1365-70. doi: 10.1016/S0002-9378(96)70056-X

5. Ding X, Yang Z, Han Y, Yu H. Long-chain fatty acid oxidation changes in a
B2 glycoprotein I-induced preeclampsia-like mouse model. Placenta. (2014) 35
(6):392-7. doi: 10.1016/j.placenta.2014.03.013

6. Chappell LC, Cluver CA, Kingdom J, Tong S. Pre-eclampsia. Lancet. (2021)
398(10297):341-54. doi: 10.1016/S0140-6736(20)32335-7

7. Cross M, Smith E, Hoy D, Carmona L, Wolfe F, Vos T, et al. The global
burden of rheumatoid arthritis: estimates from the global burden of disease 2010
study. Ann Rheum Dis (2014) 73(7):1316-22. doi: 10.1136/annrheumdis-2013-
204627

8. Keeling SO, Bowker SL, Savu A, Kaul P. A population-level analysis of the
differing effects of rheumatoid arthritis and spondyloarthritis on peripartum
outcomes. ] Rheumatol (2020) 47(2):197-203. doi: 10.3899/jrheum.181320

9. Lin HC, Chen SF, Lin HC, Chen YH. Increased risk of adverse pregnancy
outcomes in women with rheumatoid arthritis: a nationwide population-based
study. Ann Rheum Dis (2010) 69(4):715-7. doi: 10.1136/ard.2008.105262

10. Reed SD, Vollan TA, Svec MA. Pregnancy outcomes in women with
rheumatoid arthritis in Washington state. Matern Child Health ] (2006) 10
(4):361-6. doi: 10.1007/s10995-006-0073-3

11. Lawlor DA, Harbord RM, Sterne JA, Timpson N, Davey Smith G.
Mendelian randomization: using genes as instruments for making causal
inferences in epidemiology. Stat Med (2008) 27(8):1133-63. doi: 10.1002/sim.3034

12. Davey Smith G, Hemani G. Mendelian randomization: genetic anchors for
causal inference in epidemiological studies. Hum Mol Genet (2014) 23(R1):R89-98.
doi: 10.1093/hmg/ddu328

13. Richmond RC, Davey Smith G. Mendelian randomization: Concepts and
scope. Cold Spring Harb Perspect Med (2022) 12(1). doi: 10.1101/
cshperspect.a040501

14. Davies NM, Holmes MV, Davey Smith G. Reading mendelian
randomisation studies: a guide, glossary, and checklist for clinicians. Bm;j (2018)
362:k601. doi: 10.1136/bmj.k601

15. Ha E, Bae S, Kim K. Large-Scale meta-analysis across East Asian and
European populations updated genetic architecture and variant-driven biology of
rheumatoid arthritis, identifying 11 novel susceptibility loci. Ann rheumatic
diseases. (2021) 80(5):558-65. doi: 10.1136/annrheumdis-2020-219065

16. Bowden J, Del Greco MF, Minelli C, Davey Smith G, Sheehan N, Thompson
J. A framework for the investigation of pleiotropy in two-sample summary data
mendelian randomization. Stat Med (2017) 36(11):1783-802. doi: 10.1002/
sim.7221

17. Bowden J, Davey Smith G, Burgess S. Mendelian randomization with invalid
instruments: effect estimation and bias detection through egger regression. Int J
Epidemiol. (2015) 44(2):512-25. doi: 10.1093/ije/dyv080

18. Bowden J, Davey Smith G, Haycock PC, Burgess S. Consistent estimation in
mendelian randomization with some invalid instruments using a weighted median
estimator. Genet Epidemiol. (2016) 40(4):304-14. doi: 10.1002/gepi.21965

Frontiers in Immunology

08

10.3389/fimmu.2022.1080980

19. Verbanck M, Chen CY, Neale B, Do R. Detection of widespread horizontal
pleiotropy in causal relationships inferred from mendelian randomization between
complex traits and diseases. Nat Genet (2018) 50(5):693-8. doi: 10.1038/s41588-
018-0099-7

20. Wallenius M, Skomsvoll JF, Irgens LM, Salvesen K, Nordvag BY,
Koldingsnes W, et al. Pregnancy and delivery in women with chronic
inflammatory arthritides with a specific focus on first birth. Arthritis Rheumatol
(2011) 63(6):1534-42. doi: 10.1002/art.30210

21. Aljary H, Czuzoj-Shulman N, Spence AR, Abenhaim HA. Pregnancy
outcomes in women with rheumatoid arthritis: a retrospective population-based
cohort study. /] Matern Fetal Neonatal Med (2020) 33(4):618-24. doi: 10.1080/
14767058.2018.1498835

22. Zbinden A, van den Brandt S, @stensen M, Villiger PM, Forger F. Risk for
adverse pregnancy outcome in axial spondyloarthritis and rheumatoid arthritis:
disease activity matters. Rheumatol (Oxford). (2018) 57(7):1235-42. doi: 10.1093/
rheumatology/key053

23. LaMarca B, Speed ], Fournier L, Babcock SA, Berry H, Cockrell K, et al.
Hypertension in response to chronic reductions in uterine perfusion in pregnant
rats: effect of tumor necrosis factor-alpha blockade. Hypertension. (2008) 52
(6):1161-7. doi: 10.1161/HYPERTENSIONAHA.108.120881

24. Lai Z, Kalkunte S, Sharma S. A critical role of interleukin-10 in modulating
hypoxia-induced preeclampsia-like disease in mice. Hypertension. (2011) 57
(3):505-14. doi: 10.1161/HYPERTENSIONAHA.110.163329

25. Orshal JM, Khalil RA. Interleukin-6 impairs endothelium-dependent NO-
c¢GMP-mediated relaxation and enhances contraction in systemic vessels of
pregnant rats. Am ] Physiol Regul Integr Comp Physiol (2004) 286(6):R1013-23.
doi: 10.1152/ajpregu.00729.2003

26. Hamilton K, Clair EW. Tumour necrosis factor-alpha blockade: a new era
for effective management of rheumatoid arthritis. Expert Opin Pharmacother.
(2000) 1(5):1041-52. doi: 10.1517/14656566.1.5.1041

27. An Q, Yan W, Zhao Y, Yu K. Enhanced neutrophil autophagy and increased
concentrations of IL-6, IL-8, IL-10 and MCP-1 in rheumatoid arthritis. Int
Immunopharmacol. (2018) 65:119-28. doi: 10.1016/j.intimp.2018.09.011

28. Lee YH, Bae SC, Song GG. Association between the chemokine receptor 5
delta32 polymorphism and rheumatoid arthritis: a meta-analysis. Mod Rheumatol
(2013) 23(2):304-10. doi: 10.3109/s10165-012-0665-2

29. Gurdol F, Yurdum LM, Ozturk U, Isbilen E, Cakmakoglu B. Association of the
CC chemokine receptor 5 (CCR5) polymorphisms with preeclampsia in Turkish
women. Arch Gynecol Obstet. (2012) 286(1):51-4. doi: 10.1007/s00404-012-2244-3

30. Murakami Y, Kobayashi T, Omatsu K, Suzuki M, Ohashi R, Matsuura T,
et al. Exogenous vascular endothelial growth factor can induce preeclampsia-like
symptoms in pregnant mice. Semin Thromb Hemost. (2005) 31(3):307-13. doi:
10.1055/s-2005-872437

31. Zhan H, Li H, Liu C, Cheng L, Yan S, Li Y. Association of circulating
vascular endothelial growth factor levels with autoimmune diseases: A systematic
review and meta-analysis. Front Immunol (2021) 12:674343. doi: 10.3389/
fimmu.2021.674343

32. Bandoli G, Singh N, Strouse J, Baer R], Donovan BM, Feuer SK, et al.
Mediation of adverse pregnancy outcomes in autoimmune conditions by
pregnancy complications: A mediation analysis of autoimmune conditions and
adverse pregnancy outcomes. Arthritis Care Res (Hoboken). (2020) 72(2):256-64.
doi: 10.1002/acr.24037

33. Muioz CM, Goulden B, Ahmed K, Alijotas-Reig J, Giles I. Risk of adverse
pregnancy outcomes prior to the onset of an autoimmune rheumatic disease: a
systematic review. Rheumatol (Oxford) (2022). doi: 10.1093/rheumatology/keac417

frontiersin.org


https://doi.org/10.1016/S0140-6736(06)68397-9
https://doi.org/10.1016/S0140-6736(10)60279-6
https://doi.org/10.1016/S0002-9378(96)70056-X
https://doi.org/10.1016/j.placenta.2014.03.013
https://doi.org/10.1016/S0140-6736(20)32335-7
https://doi.org/10.1136/annrheumdis-2013-204627
https://doi.org/10.1136/annrheumdis-2013-204627
https://doi.org/10.3899/jrheum.181320
https://doi.org/10.1136/ard.2008.105262
https://doi.org/10.1007/s10995-006-0073-3
https://doi.org/10.1002/sim.3034
https://doi.org/10.1093/hmg/ddu328
https://doi.org/10.1101/cshperspect.a040501
https://doi.org/10.1101/cshperspect.a040501
https://doi.org/10.1136/bmj.k601
https://doi.org/10.1136/annrheumdis-2020-219065
https://doi.org/10.1002/sim.7221
https://doi.org/10.1002/sim.7221
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1038/s41588-018-0099-7
https://doi.org/10.1038/s41588-018-0099-7
https://doi.org/10.1002/art.30210
https://doi.org/10.1080/14767058.2018.1498835
https://doi.org/10.1080/14767058.2018.1498835
https://doi.org/10.1093/rheumatology/key053
https://doi.org/10.1093/rheumatology/key053
https://doi.org/10.1161/HYPERTENSIONAHA.108.120881
https://doi.org/10.1161/HYPERTENSIONAHA.110.163329
https://doi.org/10.1152/ajpregu.00729.2003
https://doi.org/10.1517/14656566.1.5.1041
https://doi.org/10.1016/j.intimp.2018.09.011
https://doi.org/10.3109/s10165-012-0665-2
https://doi.org/10.1007/s00404-012-2244-3
https://doi.org/10.1055/s-2005-872437
https://doi.org/10.3389/fimmu.2021.674343
https://doi.org/10.3389/fimmu.2021.674343
https://doi.org/10.1002/acr.24037
https://doi.org/10.1093/rheumatology/keac417
https://doi.org/10.3389/fimmu.2022.1080980
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Mendelian randomization study reveals a causal relationship between rheumatoid arthritis and risk for pre-eclampsia
	Introduction
	Method
	Study design
	Data source
	IVs selection
	Statistical analyses
	Sensitivity analyses

	Result
	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


