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A Commentary on

The causal effect of hypertension, intraocular pressure, and diabetic
retinopathy: a Mendelian randomization study

By Wang X-F, Zhang X-W, Liu Y-J, Zheng X-Y, Su M-R, Sun X-H, Jiang F and Liu Z-N (2024).
Front. Endocrinol. 15:1304512. doi: 10.3389/fendo.2024.1304512
Diabetic retinopathy (DR) is a principal microvascular complication of diabetes

mellitus (DM) and remains one of the leading global causes of preventable blindness

and vision impairment (1, 2). Numerous studies have focused on the association between

hypertension and intra-ocular pressure (IOP) with DR. However, due to the limitations of

traditional research methodologies, the causal relationship between these factors has

remained unclear. Consequently, we were particularly interested in the paper published

by Wang et al. (3), which, for the first time, employs Mendelian randomization (MR) to

confirm the causal links between hypertension, IOP, and an increased risk of DR.

To ensure the robustness of MR analysis results, research design and methodology

must be rigorous. Although Wang et al.’s study holds some merit, issues such as dataset

selection, a high rate of sample overlap, and violation of the two-sample MR principle

weaken the study’s outcomes, leading to potential false positives. First, using the same

individuals to estimate the association between genetic variables, exposures, and outcomes

can bias causal effect estimates, especially inflating the statistical significance—a

phenomenon known as “sample overlap bias” (4).Two-sample MR employs data from

two independent samples to effectively circumvent this issue. However, it is noteworthy

that the hypertension (55,917ncase and 162,837 ncontrol) and DR (14,584ncase and

202,082 ncontrol) phenotype data selected by the authors from the FinnGen consortium

have an astonishingly high overlap rate of 99%. Additionally, the manuscript contains

inaccuracies in the description of the phenotype sample sizes used.

A second major issue concerns the selection of phenotypes. The choice for the IOP

phenotype appears unreasonable and deliberate, with the authors selecting data for the left eye’s

IOP (ukb-b-12440) while overlooking the right eye’s IOP data (ukb-b-14146), which is not
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FIGURE 1

Study design (A) Summary of forward and reverse Mendelian randomization analysis. (B) Instrumental variable screening process. MR, Mendelian
randomization; DR, diabetic retinopathy; IOP, intra-ocular pressure; SNP, single nucleotide polymorphism; IVW, inverse-variance weighted; RAPS,
robust adjusted profile score; cML, constrained maximum likelihood; dIVW, debiased inverse-variance weighted; ConMix, contamination mixture;
MR-PRESSO, MR Pleiotropy Residual Sum and Outlier; OR, odd ratio; CI, confidence interval; IV, instrumental variable; EAF, effect allele frequency.
aF = ((n−k−1)/k)(R2/(1− R2)), where R2 represents the proportion of exposure variance explained by the SNPs, N denotes the GWAS sample size, and
k = 1 reflecting the individual SNP analysis. bR² (the proportion of explained variance) was calculated employing the formula 2×MAF×(1-MAF)×beta²,
wherein MAF represents the minor allele frequency of each specified SNP. cPower, greater than 80% is considered to be used for strong statistical
power, as calculated by an online tool (https://sb452.shinyapps.io/power/).
TABLE 1 Detailed information of data sources.

Phenotype Definition/diagnostics Adjustments Ref Consortium Ancestry Participants

IOP

Ocular response analyzer (ORA,
Reichert Inc.) and goldmann
applanation tonometry. For
individuals reporting usage of
IOP-lowering medication,

measured IOP was divided by 0.7
based on average IOP reduction

achieved with medication.

Age, sex, 5 genetic
principal

components, and
genotyping batch

29785010
Anthony P

Khawaja' study
EUR 139,555 individuals

DR
ICD-10-H36.00, H36.02, H36.03,

and ICD-9-362.0

Age, sex, and up to
20 genetic
principal

components

36653562 FinnGen (R9) EUR
10,413 cases and
308,633 controls

Hypertension Self-reported, ICD-10-I10

Age, sex, 10 genetic
principal

components, and
genotyping batch

36402876 UKB EUR
77,977 cases and
330,366 controls
F
rontiers in Endocrino
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UKB, UK Biobank; IOP, intra-ocular pressure; DR, diabetic retinopathy; EUR, European; ICD, international classification of diseases.
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mentioned in the original text. This not only confuses the concept of

IOP but may also be a deliberate choice due to positive results.

Importantly, the data selected for MR studies should be the most

recent and comprehensive. However, the authors selected the R5

version of the FinnGen dataset released in 2021 for the data on DR,

rather than utilizing the latest R9 version. For the IOP data, the most

comprehensive and largest GWAS study to date by Anthony P

Khawaja’s team should be selected (139,555 individuals) (5). This

dataset integrates data from the UK biobank (UKB), EPIC-Norfolk,

and the International Glaucoma Genetics Consortium (IGGC), rather

than relying solely on data from the UKB as used by the authors.

The study also suffers from a series of minor issues. The authors’

description of the sensitivity analyses is ambiguous, particularly in

the detection of horizontal pleiotropy. They vaguely reported P-

values without specifying whether these pertained to MR-Egger

regression or the MR-PRESSO Global test. Additionally, it is

unclear whether outliers were excluded from the analysis.

Furthermore, while calculating the F-statistic to evaluate weak

instrumental variables is commendable, considering that most

genetic variations explain only a small part of phenotype

variability, statistical power becomes a significant challenge in MR

analysis (6). The authors failed to consider power calculations.

Regarding the third assumption of MR analysis, which is primarily

ensured through the MR-Steiger test, the authors did not adequately

address this aspect. Given these substantial flaws in various aspects

of the study, a re-analysis and re-evaluation of the results are

recommended to ensure the research’s robustness and validity.

By acquiring the latest genome-wide association studies (GWAS)

data from the FinnGen consortium R9 version (7), UKB (8), and the

team led by Anthony P. Khawaja (5), we mitigated biases due to

sample overlap (Table 1). Building on the methodology proposed by

Zhou et al., we have expanded our analysis to ensure the robustness of

our findings. This included employing MR-PRESSO to remove

outliers and control for horizontal pleiotropy, as well as utilizing

methods such as debiased inverse-variance weighted (dIVW), robust

adjusted profile score (RAPS), constrained maximum likelihood

(cML), and contamination mixture (ConMix) to manage potential

pleiotropy and biases. The accuracy of our analysis was further

enhanced by calculating R2, power, and incorporating the MR-

Steiger test. Specifically, each instrumental variable (IV) passed the

MR-Steiger test, demonstrating directional consistency as “TRUE”.

The MR-PRESSO analysis identified and excluded 4 outliers,

significantly minimizing the bias due to horizontal pleiotropy.

In the primary method, after Bonferroni correction (P < 0.05/4),

we identified three significant causal associations, all of which

possessed sufficient statistical power to detect the relationships

(Power > 95%) (Figure 1). In the sensitivity analyses (Figure 1), the

MR-Egger test did not detect any evidence of pleiotropy (P > 0.05).

Apart from the analysis of hypertension on DR, both Cochrane’s Q

and MR-PRESSO analyses failed to find any evidence of horizontal

pleiotropy or heterogeneity (P > 0.05), affirming the robustness of our

findings. Despite the presence of pleiotropy and heterogeneity

evidence in the analysis concerning hypertension’s effect on DR,

the application of a random-effects model and supplementary

methods such as dIVW, RAPS, CML, and ConMix provided

consistent evidence. This approach maximally reduced bias due to
Frontiers in Endocrinology 03
pleiotropy, demonstrating the robustness of our results. The leave-

one-out analysis further confirmed that the overall causal effect was

not driven by any single SNP. The observed discrepancies primarily

stem from the original study’s failure to rigorously select phenotypes

for analysis and control the study design in the initial MR analysis.

In conclusion, our reanalysis corroborates Wang et al.’s findings

of a bidirectional causal relationship between DR and hypertension.

Contrary to the original findings, our analysis suggests that IOP is not

a risk factor for DR; instead, a causal relationship exists where DR

leads to elevated levels of IOP. Although the original study made

significant contributions to exploring the complex relationship

between IOP, hypertension, and DR, our application of the latest

GWAS data, expanded analytical methods, and strict adherence to

MR principles have considerably enhanced the robustness of the

research. Selecting precise datasets and following rigorous analytical

principles are crucial for uncovering potential causal links between

diseases in future studies.
Author contributions

YZ: Writing – review & editing, Writing – original draft,

Visualization, Validation, Supervision, Software, Resources,

Methodology, Investigation, Formal analysis, Data curation,

Conceptualization. YC: Writing – original draft, Visualization. FP:

Writing – review & editing.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Acknowledgments

We thank all GWAS participants and investigators for publicly

making the summary statistics data available.
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.
frontiersin.org

https://doi.org/10.3389/fendo.2024.1399640
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Zhang et al. 10.3389/fendo.2024.1399640
References
1. Cheung N, Mitchell P, Wong TY. Diabetic retinopathy. Lancet. (2010) 376:124–
36. doi: 10.1016/S0140-6736(09)62124-3

2. Zheng C, Wei X, Cao X. The causal effect of obesity on diabetic retinopathy: A
two-sample Mendelian randomization study. Front Endocrinol. (2023) 14:1108731.
doi: 10.3389/fendo.2023.1108731

3. Wang X-F, Zhang X-W, Liu Y-J, Zheng X-Y, Su M-R, Sun X-H, et al. The causal
effect of hypertension, intraocular pressure, and diabetic retinopathy: a Mendelian
randomization study. Front Endocrinol (Lausanne). (2024) 15:1304512. doi: 10.3389/
fendo.2024.1304512

4. Burgess S, Davies NM, Thompson SG. Bias due to participant overlap in two-
sample Mendelian randomization. Genet Epidemiol . (2016) 40:597–608.
doi: 10.1002/gepi.21998
Frontiers in Endocrinology 04
5. Khawaja AP, Cooke Bailey JN, Wareham NJ, Scott RA, Simcoe M, Igo RP, et al.
Genome-wide analyses identify 68 new loci associated with intraocular pressure and
improve risk prediction for primary open-angle glaucoma. Nat Genet. (2018) 50:778–
82. doi: 10.1038/s41588-018-0126-8

6. BrionM-JA, Shakhbazov K, Visscher PM. Calculating statistical power inMendelian
randomization studies. Int J Epidemiol. (2013) 42:1497–501. doi: 10.1093/ije/dyt179

7. Kurki MI, Karjalainen J, Palta P, Sipilä TP, Kristiansson K, Donner KM, et al.
FinnGen provides genetic insights from a well-phenotyped isolated population. Nature.
(2023) 613:508–18. doi: 10.1038/s41586-022-05473-8

8. Conroy MC, Lacey B, Besěvić J, Omiyale W, Feng Q, Effingham M, et al. UK
Biobank: a globally important resource for cancer research. Br J Cancer. (2023)
128:519–27. doi: 10.1038/s41416-022-02053-5
frontiersin.org

https://doi.org/10.1016/S0140-6736(09)62124-3
https://doi.org/10.3389/fendo.2023.1108731
https://doi.org/10.3389/fendo.2024.1304512
https://doi.org/10.3389/fendo.2024.1304512
https://doi.org/10.1002/gepi.21998
https://doi.org/10.1038/s41588-018-0126-8
https://doi.org/10.1093/ije/dyt179
https://doi.org/10.1038/s41586-022-05473-8
https://doi.org/10.1038/s41416-022-02053-5
https://doi.org/10.3389/fendo.2024.1399640
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Commentary: The causal effect of hypertension, intraocular pressure, and diabetic retinopathy: a Mendelian randomization study
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	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 /sRGB
  /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


