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Table 1. Nerve fiber layer grading system features

Nerve fiber
layer feature Grade DO Grade D1 Grade D2 Grade D3
Brightness Bright Less bright Minimally bright Dark
Texture Coarse and fine striations Fine striations Barely detectable striations No texture
Blood vessels

Large Clear or blurred Clear Clear Clear

Medium Blurred Less blurred Clear Clear

Small Very blurred Still blurred Clear Clear
Edited by Quigley et al, Ophthalmology 1993;100:1800-7.*"
Table 2. Characteristics of the study groups

Breath-hold
. Control eyes
women diver eyes (@ = 26) p-value
(n = 26)

Age (yr) 60.00 + 4.63 60.73 + 3.90 0.666
Diabetes mellitus (%) 3.85 0 0.317
Hypertension (%) 15.38 30.77 0.192
IOP (mm Hg) 15.00 + 3.76 13.93 £+ 2.36 <0.05
BCVA (log MAR) 0.05 + 0.08 0.02 + 0.06 0.205
MD (dB) -4.09 + 2.49 -3.94 + 1.94 0.687
PSD (dB) 2.08 + 1.01 2.34 +1.03 0.314
Visual field defect (%) 26.9 23.1 0.536
Red free defect (%) 19.2 11.5 0.446

Values are mean + standard deviation.
p-value based on Mann-Whitney U-test.

NS = not significant; IOP = intraocular pressure; BCVA = best corrected visual acuity; MD = mean deviation; PSD = pattern standard

deviation.
2 Aot Aeke) 34 glol, ojdle] Fueet mALO
2 Aehighel $euhe MR Skl sy
A F7h2 B, At A4 A3l SHE B A
AZY SF et sl 18] Al 18] F4 2ol 5
& E3 25 AE

Chicago, 1L, USA)S A}85t91, z¢ :rLJ A, Qe *]
g, A AJopFALe] MD@} PSD, OCT 9] AJAIAG-F 9 ot
DA AN G T 7o) Aloko|Al, kAl A Ao =A

£9] v)u= Mann—Whitney U—testE 0]%’6}031:} 6HL%

dhafol H s 26% 269 el AHSLE 26% 26
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p=0.31, p=0.54). E3}, st} 2] AlopAEe of
BB 27] A%l stage 1 (S 88.9%, )=z 100%)
o] &3 gt WHrA AL o= AL FLL 19.2%,
22 11.5% = s toll A WokARt & o 7kl §-9]3t
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0.60 mm’, Tz 0.83 + 0.46 mm’, p<0.05), A|A7E] 7k 18] R Aolef objh AlokaE, AR EE Al
A (P2 1.46 + 0.49 mm’, g2 1.75 + 0.39 AT S32, AR SEAETY A
mm’, p<0.05) AJAAGEFEH](F]u 5 0.44 + 0.21, of oA 19 ZrdA|7kat okl MD (r=0.44, r=—0.41, p<
Z3t 0.31 + 0.14, p<0.05)9F A A4 f+-73H=H](3H 0.05), 13] Z== Zlolof W AR AT AE, AXARF
y 0.70 + 0.17, g2 0.51 £ 0.12, p<0.05) A% SHEH A, $AAAAGFEEY], PSD (r=0.43, r=0.41,
frefgt &pol7h Atk Table 2, 3). r=0.39, r=—0.48, p<0.05)7} G5t AAHAES =EAHch
ool v Ee] fdE, 19 AdAIRE 18] A (Table 4).
Table 3. Comparison of OCT parameters between breath-hold women diver eyes and control eyes
Breath-hold Control eyes
women diver eyes (n = 49) (n = 53) LD
Optic disc parameters
Disc area (mm®) 2.67 £ 0.43 2.58 + 0.44 0.546
VIRA (mm’) 0.30 + 0.20 0.37 + 0.20 0.126
HIRW (mm’) 1.61 + 0.24 1.65 + 0.16 0.534
Cup area (mm?) 1.21 + 0.60 0.83 + 0.46 <0.05
Rim area (mm®) 1.46 + 0.49 1.75 £ 0.39 <0.05
C/D ratio 0.44 + 0.21 0.31 +0.14 <0.05
Horizontal C/D ratio 0.61 + 0.16 0.59 + 0.16 0.660
Vertical C/D ratio 0.70 + 0.17 0.51 £ 0.12 <0.05
RNFL thickness parameters
Superior quadrant (um) 131.31 + 15.18 132.12 + 11.13 0.891
Temporal quadrant (um) 80.96 + 18.54 78.81 + 16.03 0.721
Inferior quadrant (um) 135.31 + 21.40 139.31 + 15.04 0.288
Nasal quadrant (um) 76.04 + 10.79 79.42 + 12.59 0.365
Values are mean + standard deviation.
p-value based on Mann-Whitney U-test.
NS = not significant; VIRA = vertical integrated rim area; HIRW = horizontal integrated rim width; C/D = cup to disc.
Table 4. Correlation of between IOP, VF, RF, OCT parameters and diving patterns in breath-hold women diver eyes
Diving years Diving hours / day Diving seconds / 1 time Diving depth (m)
p-value (R) p-value (R) p-value (R) p-value (R)
IOP (mm Hg) 0.87 (0.04) <0.05 (0.44) 0.37 (0.23) 0.64 (0.10)
Visual field defect (%) 0.62 (0.10) 0.69 (-0.08) 0.48 (0.14) 0.36 (0.19)
Red free defect (%) 0.41 (-0.17) 0.21 (0.25) <0.05 (0.39) <0.05 (0.43)
MD (dB) 0.98 (0.00) <0.05 (0.41) 0.91 (-0.02) 0.10 (0.33)
PSD (dB) 0.39 (-0.17) 0.73 (0.07) 0.45 (0.16) <0.05 (0.48)
Disc area (mm’) 0.30 (0.21) 0.42 (-0.16) 0.84 (-0.04) 0.28 (0.22)
VIRA (mm’) 0.14 (0.30) 0.50 (-0.14) 0.46 (-0.15) 0.79 (-0.06)
HIRW (mm®) 0.17 (0.28) 0.41 (-0.17) 0.75 (-0.07) 0.74 (0.07)
Cup area (mm’) 0.74 (0.07) 0.30 (0.21) 0.87 (0.03) <0.05 (0.41)
Rim area (mm’) 0.99 (0.00) 0.92 (0.02) 0.83 (-0.04) 0.10 (-0.33)
C/D ratio 0.35 (0.19) 0.67 (0.09) 0.88 (-0.03) 0.63 (0.10)
Horizontal C/D ratio 0.41 (-0.17) 0.41 (0.17) 0.68 (-0.09) 0.84 (0.04)
Vertical C/D ratio 0.43 (-0.16) 0.17 (0.28) <0.05 (0.59) <0.05 (0.39)
Superior quadrant (pm) 0.33 (-0.20) 0.89 (-0.03) 0.79 (-0.06) 0.31 (0.21)
Temporal quadrant (um) 0.58 (-0.11) 0.83 (0.04) 0.20 (0.26) <0.05 (0.42)
Inferior quadrant (um) 0.59 (-0.11) 0.75 (0.07) 0.89 (-0.03) 0.60 (0.11)
Nasal quadrant (um) 0.94 (0.02) 0.89 (-0.03) 0.34 (-0.19) 0.50 (0.14)

Value are number of p-value (R).

R = Pearson’s correlation coefficient; p = Pearson’s correlation analysis.
IOP = intraocular pressure; VF = visual field examination; RF = red free photographic examination; OCT = optical coherence tomography;
MD = mean deviation; PSD = pattern standard deviation; VIRA = vertical integrated rim area; HIRW = horizontal integrated rim width;

C/D = cup to disc.
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=ABSTRACT=

The Effect of Breath-Hold Diving on Intraocular Pressure, Optic Nerve,
Visual Field in Korean Haenyeo (Female Divers)

Eung Lee, MDI, Jae Wook Yang, MD, Pth, Jeong Do Kwon, MD?

Department of Ophthalmology, Inje University Busan Paik Hospital, Inje University College of Medicine', Busan, Korea
Good Eye Clinicz, Busan, Korea

Purpose: To examine how breath-hold diving activities of Korean haenyeo female divers affect intraocular pressure (I0P),
optic nerve and visual field (VF).

Methods: Basic ophthalmologic tests were performed for a group of breath-hold female divers (26 eyes) and a control
group of non-divers (26 eyes) and the results compared between the 2 groups. For the breath-hold female diver group, a
questionnaire survey was conducted on the patterns of breath-hold diving and the correlation with abnormalities in I0OP,
optic nerve and VF analyzed.

Results: IOP was significantly higher in the diver group (diver group: 15.00 + 3.76 mm Hg, control group: 13.93 £ 2.36 mm
Hg, p < 0.05). Between the 2 groups, the cup area (diver group: 1.21 £ 0.60 mm?, control group: 0.83 £ 0.46 mm?, p <0.05),
the cup-to-disc (C/D) ratio (diver group: 0.44 + 0.21, control group: 0.31 £ 0.14, p < 0.05), and the vertical C/D ratio (diver
group: 0.70 £ 0.17, control group: 0.51 £ 0.12, p < 0.05) were also significantly different. A significant correlation between
working hours per day and IOP (r = 0.44, p < 0.05), between diving depth and RNFL defect, and cup area, and vertical C/D
ratio (r=0.43, r=0.41, r =0.39, p <0.05) was observed.

Conclusions: Subjects who breath-hold dive for a long period, such as Korean Haenyeo, need to have a glaucoma test
regularly.

J Korean Ophthalmol Soc 2012;53(10):1480-1487

Key Words: Ama, Breath-hold diving, Haenyeo (female divers), Intraocular pressure, Optic nerve

Address reprint requests to Jae Wook Yang, MD, PhD

Department of Ophthalmology, Inje University Busan Paik Hospital

#75 Bokji-ro, Busanjin-gu, Busan 614-735, Korea

Tel: 82-51-890-6016, Fax: 82-51-890-6329, E-mail: eyeyang@inje.ac.kr

www_ophthalmology.org 1487




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 true
  /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 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


