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Abstract

BACKGROUND
The evidence from observational studies has been inconclusive on the causal
relationship between cheese intake and gestational hypertension or diabetes.

AIM
To determine whether cheese consumption was causally related to hypertension
and diabetes during pregnancy.

METHODS

This was a two-sample Mendelian randomized (MR) study. Summary-level
genetic data for cheese intake was exposure and corresponding outcome data for
gestational hypertension and gestational diabetes were extracted from the IEU
OpenGWAS database. MR analysis was conducted using inverse variance
weighting. For sensitivity analyses, MR-Egger regression, weighted median,
weighted mode, and leave-one-out methods were conducted. A fixed-effect model
was used to meta-analyze two sample MR estimates. The traits of gestational
hypertension were pregnancy hypertension (123579 individuals) and oedema,
proteinuria and hypertensive disorders in pregnancy, childbirth and the
puerperium (123579 individuals), and traits of gestational diabetes were
gestational diabetes (123579 individuals) and diabetes mellitus in pregnancy
(116363 individuals), respectively.

RESULTS

Cheese intake per standard deviation increase has causally reduced the risks of
gestational hypertension [odds ratio (OR) = 0.60, 95% confidence interval (CI):
0.47-0.76, P < 0.001] and gestational diabetes (OR = 0.41, 95%ClI: 0.30-0.55, P <
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0.001) in inverse variance weighted analysis. Sensitivity analysis showed no heterogeneity (all P > 0.05) nor
horizontal pleiotropy (all P > 0.05) in the relationship between cheese intake and gestational hypertension, but
heterogeneity presented (all P < 0.05) in relation to gestational diabetes in the two-sample MR analysis.

CONCLUSION
Cheese intake was inversely associated with gestational hypertension and gestational diabetes in MR analysis,
suggesting that cheese consumption may be beneficial in preventing hypertension and diabetes during pregnancy.

Key Words: Cheese intake; Gestational hypertension; Gestational diabetes; Mendelian randomization
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Core Tip: Gestational hypertension and gestational diabetes were associated with an increased risk of complications for both
the mother and fetus during pregnancy. We found that cheese intake was inversely associated with gestational hypertension
and gestational diabetes in Mendelian randomization analysis, suggesting that cheese consumption may be beneficial in
preventing hypertension and diabetes during pregnancy. These findings suggested that dietary interventions, especially
increasing cheese intake, may be effective in the prevention gestational hypertension and gestational diabetes, and should be
promoted in more regions.

Citation: Zhong T, Huang YQ, Wang GM. Causal relationship association of cheese intake with gestational hypertension and diabetes
result from a Mendelian randomization study. World J Clin Cases 2023; 11(30): 7318-7328

URL: https://www.wjgnet.com/2307-8960/full/v11/i30/7318.htm

DOI: https://dx.doi.org/10.12998/wjcc.v11.i30.7318

INTRODUCTION

Gestational hypertension and gestational diabetes were associated with an increased risk of complications for both the
mother and fetus during pregnancy, and also been associated with an increased risk of several long-term health outcomes
in pregnant women and intermediate outcomes in their children[1-5]. Although gestational hypertension and gestational
diabetes posed a huge public problem to society, effective prevention has remained a major challenge in most countries,
and measures were very limited. In recent years, some studies have found that dietary modification including cheese-
containing dietary pattern might play an important role in the prevention and alleviate of hypertension and diabetes
during pregnancy, and this method could be implemented in maternity care[6-11]. Although several previous studies
have found a link between cheese consumption and reduced risk of pregnancy-related complications, most findings were
based on observational findings. However, observational studies lacked of randomization, made it difficult to effectively
control for confounding, making causal relationship difficult to be established.

In recent years, the introduction of Mendelian randomized (MR) has provided an effective way to make causal
inferences in observational studies, and the public release of a large amount of genome-wide association studies (GWAS)
summary data has contributed to the flourishing of two-sample MR[12]. MR studies are performed by using instrumental
variable (IV) analysis of genetic variation using randomization during meiosis and conception, providing unbiased and
unconfounded estimates[12]. Briefly, MR is a technique that can detect and estimate phenotypic causal effects unbiasedly
[13]. With the popularity of GWAS and GWAS meta-analysis, MR has become an effective and feasible method to study
causal relationships[14]. Two-sample MR is a method for estimating the causal effect of exposure on prognosis using only
summary statistics from the GWAS, in which genetic variant-exposure factor association data and genetic variant-disease
prognosis association data from two independent samples with similar distribution characteristics were used[15,16]. In
this study, we have performed a two-sample MR study based on public GWAS data to analyse whether cheese intake was
associated with gestational hypertension or gestational diabetes.

MATERIALS AND METHODS
Overall study design

In this study, we conducted a two-sample MR analysis to explore the causal association of cheese intake with gestational
hypertension and gestational diabetes in the summary level GWAS dataset, as well as the risk of gestational hypertension
and gestational diabetes with single nucleotide polymorphisms (SNPs) defined as IVs (Figure 1). While all the pooled
data in the present study was obtained from publicly available datasets that obtained relevant ethical approval and
participant consent, the design and analysis of this study was also approved by the Ethics Committee of Guangdong
Provincial People’s Hospital (KY-Q-2021-244-01).
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Figure 1 Flow chart of the design of the present study. The selected genetic variant (single nucleotide polymorphisms) was strongly associated with
cheese intake. The selected genetic variants were strongly associated with confounding factors, but not associated with gestational hypertension gestational
diabetes.

Study exposure and outcomes

Summary-level genetic data for cheese intake as exposure and corresponding outcome data for gestational hypertension
and gestational diabetes was extracted from the IEU OpenGWAS database (https://gwas.mrcieu.ac.uk/). The traits of
gestational hypertension were characterized by gestational hypertension (123579 cases, 7686 cases/control 115893 cases)
and gestational edema, proteinuria and hypertensive disorders (123579 cases, 8844 cases/control 114735 cases);
gestational diabetes mellitus was characterized by gestational diabetes (123579 cases, 5687 cases/control 117892 cases)
and gestational diabetes mellitus (116363 cases, 6033 cases/control 110330 cases), respectively. All the above SNPs
associated with cheese intake were found in UK Biobank, and with gestational hypertension and gestational diabetes
were both found in FinnGen Biobank. The detailed descriptions of included traits were summarized in Table 1. All data
was downloaded and analyzed on May 20, 2023.

Mendelian randomization

The analytical strategy for this study was based on the strengthening the reporting of observational studies in
epidemiology using MR statement[17]. For all SNPs instrumental selection, genetic variants related to exposure factors
with a genome-wide significant level (P < 5 x 10¥), not in linkage disequilibrium (LD) at a threshold of R? < 0.001. If a
particular exposure SNP was not present in an outcome dataset, proxy SNPs should be used instead through LD tagging
with minimum LD R? value > 0.8. The causality was tested primarily by using the inverse variance weighting (IVW)
method. To test for robustness, we performed sensitivity analyses using the MR-Egger regression, weighted median, and
weighted mode methods. Weighted mode methods were conducted by leave one-out sensitivity analysis, in which the
effect of each single instrument on the overall effect was shown in the plot of the leave-one-out analysis. Heterogeneity
tests were performed using IVW and MR-Egger methods. To test for heterogeneity, we used the Cochrane Q statistic. The
MR-Egger regression method could detect horizontal pleiotropy. The MR-Egger intercept was non-zero with statistical
significance (P < 0.05) if possible horizontal pleiotropy of IVs existed. Scatter plots, forest plots, and funnel plots were
used to present the results, And the effect of each SNP was presented in a forest plot. The MR estimates for exposure and
outcomes were presented as odds ratios (OR) with corresponding 95% confidence intervals (CI). In addition, as outcomes
were from different datasets, the MR outcomes were pooled meta-analysis by using a mixed-effects model to obtain an
overall causal estimate, assuming no between-method heterogeneity. MR analysis was performed by using the R software
(version 4.0.3, http:/ /www.r-project.org) and the R package “TwoSampleMR” version 0.5.5 (https://mrcieu.github.io/
TwoSampleMR/).

RESULTS

MR estimates

We selected two subtype traits from FinnGen Biobank database with a genotype of gestational diabetes (finn-b-
GEST_DIABETES and finn-b-O15_PREG_DM), gestational hypertension (finn-b-O15_HYPTENSPREG and finn-b-
O15_OEDEM_PROTUR_HYPERT) and one group with a trait of cheese intake from UK Biobank database (ukb-b-1489).
All participants were of European ethnicity. The numbers of SNPs related to cheese intake were 9851867, and those for
gestational hypertension and gestational diabetes were both 16379784. The detailed descriptions of included traits were
summarized in Table 1.

The two-sample MR estimates for the association of cheese intake with gestational hypertension and gestational
diabetes were summarized in Table 2. The MR analyses on the result of the IVW method showed an inversely causal
effect of genetically predicted cheese intake with pregnancy hypertension (OR = 0.57, 95%ClI: 0.40-0.80; P = 1.377e-3),
oedema, proteinuria and hypertensive disorders in pregnancy, childbirth and the puerperium (OR = 0.63, 95%CI: 0.46-
0.88; P = 0.006), gestational diabetes (OR = 0.39, 95%CI: 0.26-0.60; P = 1.822e-5) and diabetes mellitus in pregnancy (OR =
0.43, 95%CI: 0.28-0.67; P = 1.718e-4) by using 62 SNPs as the instruments, respectively. The weighted median estimator
showed consistent result when the study outcomes were pregnancy hypertension (OR = 0.55, 95%CI: 0.34-0.90; P = 0.017),
gestational diabetes (OR = 0.40, 95%CI: 0.23-0.71; P = 1.507e-3) and diabetes mellitus in pregnancy (OR = 0.35, 95%ClI:
0.20-0.62; P = 2.998e-4), but not consistent of oedema, proteinuria and hypertensive disorders in pregnancy, childbirth
and the puerperium (OR = 0.69, 95%ClI: 0.45-1.05; P = 0.083). In addition, although this negative correlation could also be
observed in other methods including MR Egger and Weighted mode, it was not statistically significant (all P > 0.05)
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Table 1 Description of included traits

; Number . Sample f
Exposure  Trait ID Population . P Caselcontrol Database Consortium Year
of SNPs size

Cheese Cheese intake ~ ukb-b-1489 9851867 European 451486 NA UK MRC-IEU 2018
intake Biobank
Outcomes
Gestational ~ Pregnancy finn-b-O15_HYPTENSPREG 16379784 European 123579  7686/115893  FinnGen  NA 2021
hypertension hypertension Biobank

Oedema, finn-b- 16379784 European 123579  8844/114735 FinnGen NA 2021

proteinuria O15_OEDEM_PROTUR_HYPERT Biobank

and

hypertensive

disorders in

pregnancy,

childbirth and

the

puerperium
Gestational Gestational finn-b-GEST_DIABETES 16379784 European 123579  5687/117892  FinnGen NA 2021
diabetes diabetes (for Biobank

exclusion)

Diabetes finn-b-O15_PREG_DM 16379684 European 116363  6033/110330 FinnGen NA 2021

mellitus in Biobank

pregnancy

SNP: Single nucleotide polymorphism; NA: Not available; MRC-IEU: MRC integrative epidemiology unit.

(Table 2). A meta-analysis using fixed-effect IVW models showed that genetically predicted cheese intake was inversely
associated with the risk of gestational hypertension (OR = 0.60, 95%CI: 0.47-0.76; P < 0.0001) and gestational diabetes (OR
=0.41, 95%CI: 0.30-0.55; P < 0.0001) (Figure 2). The SNP effects on the outcome were plotted against SNP effects on the
exposure were displayed in Figure 3.

Sensitivity analyses

MR-Egger intercept tests were used to test for pleiotropy, indicating that there was no horizontal pleiotropy existed on
the association between cheese intake and gestational hypertension or gestational diabetes (all P > 0.05). Heterogeneity
tests demonstrated that there was no heterogeneity between cheese intake and gestational hypertension (all P > 0.05), but
heterogeneity was observed in the Q test analysis on the association between cheese intake and gestational diabetes (all P
< 0.05) (Table 2). Funnel plots can show the directional horizontal pleiotropy of IVs by drawing a single Wald ratio for
each SNP. Sensitivity analyses using the leave-one-out analysis demonstrated that there was significant association of
cheese intake with gestational hypertension or gestational diabetes (Figure 4). The overall estimates of MR effect size,
calculated by IVW showed significant associations of cheese intake with gestational hypertension or gestational diabetes,
but the MR-Egger method was not statistically significant despite finding also a negative correlation (Figure 5).

DISCUSSION

In this two-sample MR study, based on pooled statistics from a large GWAS, we clarified that cheese intake could reduce
the risk of hypertension and diabetes during pregnancy. A pooled meta-analysis based on the results of the IVW method,
using a fixed effects model to calculate the overall causal effect, showed that cheese intake was significantly and inversely
associated with gestational hypertension and gestational diabetes. Heterogeneity and horizontal polymorphism in
gestational hypertension were not found in the two-sample MR analysis, but heterogeneity in gestational diabetes was
present.

Our results were similar to those of some previous observational or small sample randomised controlled trials (RCTs)
that cheese intake might prevent gestational hypertension and gestational diabetes during pregnancy. Chinese intake in
Canadian and Iranian women prior to pregnancy have been shown to be an important intervention target to reduce the
likelihood of pregnancy-related complications, such as gestational hypertension[11,18]. According to a study of pregnant
United States women, consuming more cheese before and during pregnancy could alleviate or reduce gestational
diabetes risk[6,7]. Taking cheese during pregnancy might lead to modest dietary improvements in pregnant women at
high risk of gestational diabetes, according to the Finnish gestational diabetes prevention study[8,9,19]. A small sample
RCT study suggested that an increased intake of low-fat but not regular-fat cheese between pre-pregnancy and early
pregnancy was associated with a lower risk of gestational diabetes in high-risk women[20]. However, despite an
association between cheese consumption and gestational diabetes, a study in Singapore did not find a significant
association[21]. Previous results differed from the present results mainly because some potential confounding variables
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Table 2 Mendelian randomization for the association of cheese intake with gestational hypertension and gestational diabetes

Heterogeneity ~ Pleiotropy

. Number of P
Outcomes Trait . Method OR 95%ClI Q
instruments value . Intercept
statistic value value
Gestational Pregnancy hypertension 62 MR Egger 0.40 0.09- 0.229  73.04 0.120  0.006 0.634
hypertension 1.75
62 Weighted 0.55 0.34- 0.017
median 0.90
62 Inverse 0.57 0.40- 1.377e- 73.31 0.134
variance 0.80 3
weighted
62 Weighted 0.49 0.20- 0.121
mode 1.19
Oedema, proteinuria and 62 MR Egger 0.62 0.15- 0.505  76.44 0.075  4.3e-4 0.971
hypertensive disorders in 2.52
pregnancy, childbirth and the
puerperium 62 Weighted 0.69 0.45- 0.083
median 1.05
62 Inverse 0.63 0.46- 0.006  76.44 0.088
variance 0.88
weighted
62 Weighted 0.69 0.28- 0.416
mode 1.68
Gestational Gestational diabetes (for 62 MR Egger 0.23 0.04- 0113  83.73 0.023  95e-3 0.537
diabetes exclusion) 1.38
62 Weighted 0.40 0.23- 1.507e-
median 0.71 3
62 Inverse 0.39 0.26- 1.822e- 84.26 0.025
variance 0.60 5
weighted
62 Weighted 0.32 0.10- 0.062
mode 1.03
Diabetes mellitus in pregnancy 62 MR Egger 0.46 0.07- 0418  91.39 5.586e- -0.001 0.948
3.00 3
62 Weighted 0.35 0.20- 2.998e-
median 0.62 4
62 Inverse 043 0.28- 1718 914 7.08%-
variance 0.67 e-4 3
weighted
62 Weighted 0.21 0.04- 0.085
mode 1.20

CI: Confidence interval; OR: Odds ratio; MR: Mendelian randomization.

were not adequately adjusted. However, in this study, the influence of confounding variables on the results was
overcome through the two-sample MR study. In addition, although this study found heterogeneity in SNPs among
gestational diabetes, this may be due to part of gestational diabetes itself existed gene mutation including pregnancy in
women with monogenic diabetes or maternal genetic characteristics. Previous studies suggested that monogenic diabetes
was an underdiagnosed type of diabetes mellitus, which could be harmful in pregnancy and was easily misdiagnosed as
gestational diabetes[22-24]. However, the present study does not distinguish whether pregnant women have monogenic
diabetes, missing data on monogenic diabetes was also an important shortcoming of this study.

In addition, this study found no horizontal pleiotropy in SNPs, but some of the sensitivity analysis results were not
statistically significant, which may be due to the presence of other pleiotropy bias in some SNPs. However, a meta-
analysis of fixed effects models showed that cheese intake was inversely associated with gestational diabetes and
gestational hypertension with no heterogeneity. The fixed-effect meta-analysis model used an inverse-variance weight
(variance of the observed effect size) and assumed that all studies share a single common effect and, as a result, all of the
variance in observed effect sizes was attributable to sampling error[25]. These analytical methods, such as MR analysis,
leave-one-out sensitivity analysis and pooled analysis of fixed effects models ensured the reliability of the results in the
present MR study, indicating that cheese consumption could help preventing gestational diabetes and hypertension, but
warranted further research to understand underlying pathophysiology of gestational diabetes and hypertension
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Outcomes Data source OR (95%CI) P value
Gestational hypertension
Pregnancy hypertension FinnGen Biobank —— 0.57 (0.40 t0 0.80) 1.4E-3

1
I
i
Hypertensive in pregnancy FinnGen Biobank — 0.63 (0.46 to 0.88) 6.5E-3
Meta-analysis — : 0.60 (0.47 to 0.76) < 0.0001
Gestational diabetes i
Gestational diabetes FinnGen Biobank e ) 0.39 (0.26 to 0.60) < 0.0001
Diabetes mellitus in pregnancy FinnGen Biobank — | 0.43 (0.28 to 0.67) < 0.0001
Meta-analysis —-— : 0.41 (0.30 to 0.55) < 0.0001
o o5 1 15
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Figure 2 Forest plot showing the main Mendelian randomization estimates for the association of cheese intake with gestational
hypertension and gestational diabetes by a meta-analysis of fixed-effect model. OR: Odds ratio; CI: Confidence interval.
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Figure 3 Scatter plot to visualize causal effect of cheese intake on gestational hypertension and gestational diabetes risk using four
Mendelian randomization methods. The slope of the straight line indicates the magnitude of the causal association. The plot presents the effect sizes of the
single nucleotide polymorphisms (SNP)-cheese intake association (X-axis, standard deviation units) and the SNP-gestational hypertension and gestational diabetes
association [Y-axis, log (odds ratio)] with 95% confidence intervals. The regression slopes of the lines correspond to causal estimates using the four Mendelian
randomization methods. A: The Scatter plot visualize causal effect of cheese intake on gestational hypertension risk in the FinnGen Biobank database; B: The Scatter
plot visualize causal effect of cheese intake on gestational hypertension risk in the FinnGen Biobank database; C: The Scatter plot visualize causal effect of cheese
intake on gestational diabetes risk in the FinnGen Biobank database; D: The Scatter plot visualize causal effect of cheese intake on gestational diabetes risk in the
FinnGen Biobank database. SNPs: Single nucleotide polymorphisms; MR: Mendelian randomization.

associated with dietary behaviors during pregnancy, such as increased cheese intake.

The possible mechanisms linking cheese intake to a reduced risk of hypertension and diabetes in pregnancy were
unclear and we speculated that there were several possible reasons for this. Firstly, cheese was rich in calcium, and
previous meta-analysis studies have found that calcium supplementation in pregnancy has been associated with a
reduced risk of pregnancy-induced hypertension and diabetes, but further high-quality evidence was needed[26,27].
Secondly, cheese contained lots of lactic acid bacteria, which were healthy for the body and could maintain intestinal flora
balance[28]. It was important to note that intestinal flora imbalance was an important cause of gestational hypertension
and gestational diabetes during pregnancy[29-31]. Thirdly, the benefits of eating cheese could counteract the negative
effects of its high saturated fat content. This was because cheese not only contained nutrients such as protein, calcium,
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Figure 4 Leave-one-out of each single nucleotide polymorphisms associated of cheese intake with gestational hypertension and
gestational diabetes risk. Each black point represents result of the inverse variance weighted (IVW) Mendelian randomization method applied to estimate the
causal effect of cheese intake on gestational hypertension and gestational diabetes excluding particular single nucleotide polymorphism (SNP) from the analysis.
Each red point depicts the IVW estimate using all SNPs. A: Mendelian randomization (MR) leave-one-out sensitivity analysis of gestational hypertension risk in
FinnGen Biobank database; B: MR leave-one-out sensitivity analysis of gestational hypertension in FinnGen Biobank database; C: MR leave-one-out sensitivity
analysis of gestational diabetes in FinnGen Biobank database; D: MR leave-one-out sensitivity analysis of gestational diabetes in FinnGen Biobank database.

iron, zinc, vitamins A, B1, B2 and folic acid, but also probiotics, which would reduce the state of inflammation and
oxidative stress in the body[32,33]. Inflammation and oxidative stress were both closely related to gestational
hypertension and gestational diabetes[34,35]. In addition, cheese also contained conjugated linoleic acid, an unsaturated
fatty acid that could raise the level of high density lipoprotein cholesterol and lower the level of low density lipoprotein
cholesterol[36]. Previous studies have shown that specific lipid biomarkers in early pregnancy may be associated with
gestational hypertension and gestational diabetes[37,38]. Finally, animal experiments have shown the consumption of
goat milk cheese could prevent obesity, insulin resistance, inflammation, and hepatic steatosis while on a high-fat diet
induced obesity in mice[39].

There were several strengths to the current study. On the one hand, it was the first study to investigate the causal
relationship between cheese consumption and gestational diabetes and hypertension through a MR analysis. On the other
hand, a key strength of MR analysis was the use of randomly allocated genetic variants to help overcome environmental
confounding, which was analogous to randomization of treatment allocation in clinical trials. In addition, a two-sample
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Figure 5 Forest plot showing the association of each single nucleotide polymorphisms with gestational hypertension and gestational
diabetes. Each black point represents result of the inverse variance weighted (IVW) Mendelian randomization (MR) method applied to estimate the causal effect of
each single nucleotide polymorphism (SNP) on gestational hypertension and gestational diabetes. Each red point depicts the VW and MR egger estimate using all
SNPs. A: Forest plot of gestational hypertension in FinnGen Biobank database; B: Forest plot of gestational hypertension in FinnGen Biobank database; C: Forest
plot of gestational diabetes in FinnGen Biobank database; D: Forest plot of gestational diabetes in FinnGen Biobank database.

MR design and high-quality GWAS summary statistics based on a large sample size was also an advantage of this study.
Finally, to ensure the stability of the results, MR-Egger regression tests were performed, and no pleiotropy were found.
Of course, several limitations of the present MR study should also be considered. Firstly, it should be noted that the study
population was all of European ancestry, so the results cannot be generalized to other races. Secondly, self-reported
information contributed to some of history, so recalled bias cannot be eliminated. Thirdly, although IVW, MR-Egger
regression, weighted median and weighted mode methods found an inverse association of cheese intake with gestational
diabetes and gestational hypertension in MR analysis, the results of some methods were not statistically significant.
Fourthly, even though we found some heterogeneity in gestational diabetes, our fixed-effect meta-analysis found that
cheese intake was significantly associated with gestational diabetes according to IVW results. Fifthly, genetic poly-
morphisms were difficult to validate, and even using the MR-Egger method, misclassification cannot be completely ruled
out. In addition, we were currently unable to obtain the type of cheese and the specific amount of the daily intake, as well
as neither cheese intake nor gestational hypertension or gestational diabetes could be examined for their potential dose-
effect relationships. Finally, the individual-level data on gestational diabetes and gestational hypertension were
unavailable, therefore stratified subgroup analyses could not be conducted. As a result, more MR studies were needed to
investigate the causal association of cheese intake with gestational diabetes and hypertension in the future.
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CONCLUSION

The present study indicated an inversely genetic causal association of cheese intake prior to pregnancy with pregnancy
complications such as gestational hypertension and gestational diabetes during pregnancy, which suggesting that the
consumption of cheese during pregnancy may contribute to the prevention of gestational hypertension and gestational
diabetes. These findings suggested that dietary interventions, especially increasing cheese intake, may be effective in the
prevention gestational hypertension and gestational diabetes, and should be promoted in more regions.

ARTICLE HIGHLIGHTS

Research background
Evidence from observational studies has not been able to establish a causal association of cheese intake with hypertension
or diabetes during pregnancy.

Research motivation
Eating cheese during pregnancy may help prevent hypertension and diabetes.

Research objectives
The objective was to determine whether cheese consumption was causally related to hypertension and diabetes during
pregnancy.

Research methods

A Mendelian randomised (MR) study with two samples was conducted. The IEU OpenGWAS database’s corresponding
outcome data for gestational diabetes and gestational hypertension were taken out, and summary-level genetic
information for cheese consumption was exposed. MR analysis was performed by using inverse variance weighting as
the main method. Methods used for sensitivity studies included MR-Egger regression, weighted median, weighted mode,
and leave-one-out techniques. The meta-analysis of two sample MR estimations was performed using a fixed-effect
model. The characteristics of gestational diabetes were gestational diabetes (123579 individuals) and diabetes mellitus in
pregnancy (116363 individuals), whereas the characteristics of gestational hypertension were pregnancy hypertension
(123579 individuals) and oedema, proteinuria, and hypertensive disorders in pregnancy, childbirth, and the puerperium
(123579 individuals).

Research results

Inverse variance weighted analysis has shown a causal relationship between cheese consumption per standard deviation
increase and the risks of gestational hypertension and gestational diabetes (odds ratio = 0.41, 95% confidence interval:
0.30-0.55, P < 0.001). The two-sample MR analysis of the relationship between cheese intake and gestational hypertension
revealed no heterogeneity (all P > 0.05) or horizontal pleiotropy, but there was heterogeneity (all P > 0.05) in relation to
gestational diabetes.

Research conclusions
In this MR analysis, cheese consumption was found to be inversely related to gestational hypertension and gestational
diabetes, implying that cheese intake may be beneficial in preventing gestational hypertension and gestational diabetes.

Research perspectives
These findings indicated that dietary interventions, particularly increasing cheese consumption, could be effective in
preventing hypertension and diabetes during pregnancy, and should be promoted in more areas.
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