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ABSTRACT: Purpose. To evaluate the effect of one night of orthokeratology lens wear on ocular surface health based
on the changes in tear components, including ascorbate, urate, lactate dehydrogenase (LD), lactoferrin, lipocalin,
lysozyme, secretory immunoglobulin A (slgA), and serum albumin. Methods. Changes in tear components in eight
healthy young men before and after 7-h overnight ortho-k lens wear were studied. Subjects attended on two separate
occasions during a 1-week period, on one occasion wearing lens overnight and on the other wearing no lens. Tears
(yawn-induced) were collected by capillary tube before lens fitting and on awakening. Tear ascorbate and urate were
measured by high-performance liquid chromatography; LD was measured by a commercial kit method; tear proteins
were measured by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Results. Ascorbate, slgA, albumin, and
LD increased significantly overnight with and without overnight lens wear (p < 0.05); however, no significant increases
were found in tear urate, lactoferrin, lipocalin, or lysozyme (p > 0.05). Without lens wear, tear ascorbate, slgA,
albumin, and LD increased by 21%, 34%, 9-fold, and 13-fold, respectively (p < 0.05). With ortho-k lens wear
significant flattening of the apical curvature was observed as expected, and the increases in tear ascorbate, sigA,
albumin, and LD (increases were 56%, 76%, 13-fold, and 14-fold, respectively) were significantly (p < 0.05) greater
than with no lens. There was significant correlation seen between changes in albumin and LD with (r = 0.762; p =
0.037) and without (r = 0.738; p = 0.046) ortho-k lens wear. Conclusions. The result of tear ascorbate suggests that
corneal cell disturbance is small after one night of ortho-k lens wear. The marked increases in albumin and LD suggest
that the ocular surface is under additional hypoxic stress during overnight ortho-k lens wear, (Optom Vis Sci 2004;81:
4144200
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vopia affects 25% of the white population and an even

greater proportion of the Asian population. ! Spectacles

and contact lenses are the most common methods of
myopia management. Laser-assisted i serm keraromileusis (LASIK)
and orthokeratology {orthe-k) are alternative avenues of myopia
treatment. LASIK is a surgical procedure intended 1o permanenily
change the shape of the cornea using an excimer laser, whereas
artho-k involves a contace lens-induced temporary change (flaten-
ingl in corneal curvature thar produces short-term reduction in
I‘ﬁ_'.'-'.npiu.j * The introduction of reverse geometry lens and rigid
gas-permeable (RG] lens materials has led to a more proactive,
overnight ortho-k approach being used to obrain accelerared re-
sults.”™ However, this approach has provoked some controversy,
particularly in terms of ocular surface health during overnight

3~
WCAlL

The effects of overnight conract lens wear on corneal health (in
terms of edema and Auorescein nl;.1i|1ing_| can be assessed by slin-
|;1I11}‘J examination; however, this iz nor a sensitive tech nique. A
more sensitive laboratory approach used previously involves mea-
surement of changes in tear protein concentration and changes in
the \:y'tosﬂl]c enzyme lacrate dr:h}'-.img-:n:[s-:: (LI2).31% Because in-
tracellular LD activity is high, corneal cell leakage or cell death
results in massive release of this large tetrameric procein strucrure
into the rear fluid.* =" Several investigarors have measured rear LD
activity as an index of the status of the corneal epithelial surface
(Tahle 177" The variation berween methods and unies used
makes it difficult to direcily compare the results from different
studies; however, there are consistent findings thar tear LD in
creases with anterior ocular surface irritation. For example,
Schirmer st rip contact with the lower lid increased tear LD acriviry
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TABLE 1.

Previously published and current findings on tear lactate dehydrogenase (LD} in human tears

Collection Mo of i i 2 i :
Author tbiod subjects Candition LI Activity Key Findings/Original Author Conclusions
Kahan and Capillary tube 11 Tears 248 units/liter MNA
Ohtowvay® 18 Serum 136 units/liter
33 Lacrimal gland 33 units/g tissue
3 Corneal epithelium F6 unitsg lissue
van Haeringen Capillary tube 42 MNA 230 unitsditer Schirmer strip caused tissue damage and leakage of
and Glasius” Schirmer strip 92 2332 units/liter cellular LD into tears. Tear LD was suggested as a very
sensitive measure for ocular surface disturbance.
MacKay et al.'? Capillary tube o Baseline 12 units/liter Eye-rubbing led to increased epithelial leakage leading to
After eye-rubbing 90 units/liter increased tear LD activity.
Tozsér and Capillary tube 32 NA LD correlated to albumin The source of LD could be plasma by transudation, and
Berta'! r = 0.745; p < 0.05) not cell dislurbance. Tear LD may not be useful as a
indicator of tissue damage.
Ren et al.'* Capillary tube Prefit 24 h wear Tear LD aclivily was affected by different lens oxygen
5 Control 78 52 unils/liter permeability and type.
21 Soft lens (Dk 9.9) 61 146 unitsliter
21 5ot lens (Dk 85.6) 52 127 unitsfliter
3 Rigid lens (Dk 40) 38 54 unitsditer
101 Rigid lens (Dk 146) 39 48 units/iter
Fullard and Capillary tube G Collected at 7am =200 units/iter Tear LD activity varied with time, being highest in early
Carney'? Collected at 10am = 80 unitsditer morning. Diurnal variation or effect of hypoxia
Collected at 1pm = 30 units/liter suggested
Iskeleli et al. ' Capillary tube 13 Control 216 units/liter Tear LD activity was affected by different lens oxygen
12 Daily soft lens 241 units/liter permeability and type. LD may be a useful method in
14 Dk 9.5-16) 247 units/liver evaluating the physiologic response of extended soft
Daily rigid lens (D 125) contact lens wear.
Ladage et al.'” Capillary tube Prefit 4 weeks daily wear Tear LD activity was unaffected by different lens oxygen
36 High O, soft lens 3.73 451 log units permeability and type,
135 Hyper O, soft lens 3.76 4.47 log units
75 Hyper O, rigid gas 3.92 4.44 log units
permeable lens
Cavanagh et Capillary tube Prefit 3 months extended wear  Tear LD activity was affected by different lens oxygen
al.'® 54 High 0, soft lens 3.92 4.80 log units permeability and type.
54 Hyper O, solt lens 4.24 4.87 log units
Choy el al. (this Capillary tube Prefit On awakening Fear LI activity was affected by both diurnal variation
study) i Control 19 337 units/iter and artho-k lens wear. The effect of hypoxia {due 1o
8 Owvernight orthokeratology 33 618 units/iter eye closure or contact lens wear) suggested

lens wear
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up o 10-fold.® and LD increased also with contact lens wear '3 14710

Mo similar study has been performed to determine the change of
LI acriviry in hurnan rears as a result of wearing ortho-k lenses, but
this approach could help assess potentially deleterious corneal ef-
tects of ortho-k lens wear,

In addition to LD, corneal cells are also rich in ascorbare, and we
hypothesize that increased rear ascorbate may be an even more
sensitive biomarker of subclinical corneal or conjuncrival leak-
age.'” "% Ascorbatc is small in size compared with LD and is likely
to leak inro the tears at an earlier stage of cell damage, However, we
are not aware of any reports on changes in tear ascorbare levels with
contact lens wear. This was a point of incerest in this study.

Previous studies have alse measured the concentracions of other
tear proteins to investigate baseline levels and to determine che
cffect of closed eye condition and contact lens wear.'” ** Resulis
indicated thar the rear concentrations of seeretory immunoglobu-
lin A (slgA) and albumin increased dramarically in the closed eye
condition, and the increase was compounded by overnight conracr
lens wear; however., no significant changes in lacroferrin, lipocalin,
or lysozyme concentrations were found.'”™* Lacrofernin, lipoca-
lin. and lysozyme are secreted by the lacrimal glands rather than
entering the tears because of leakage from cells. Increases of slgh
and albumin concentrations are likely to reflect a constiturive
change in tear fluid during eye closure compared with a neurolog-
ically regulated lacrimal secretion in open eye condition.™ ** The
function of slgA in rear fluid is to protect the anterior eye by acting
as an immunologic barrier,”® and albumin in tears is the result of
leakage from dilated vessels.”® Therefore, the increase of slgA and
albumin concentrations in tears may indicare thar a closed eve
environment induces a subclinical inflammation and that this con-
dition is exaggerared by overnight contact lens wear.'™ *1- 7

Because of the increasing popularity of the use of ortho-k for
myopia management and its application in children in some Asian
countries, it is important and timely to determine the safery of this
rrearment in addition to its efficacy. We propose that menitering
tear composition offers a useful biomarker approach ro assess ocu-
lar changes induced by overnight ortho-k lens wear. This was the
focus of this study, in which the effecr of a single nighe of ortho-k
lens wear on tear components was investigated. Specific compo-
nents measured in tears pre- and post-orcho-k lens wear included
ascorbate, LD, lacroferrin, lipocalin, lysozyme, slgA, and albumin,

METHODS

Experiments were performed to determine the changes in ascor-
bare, LD, lactoferrin, lipocalin, lysozyme, slgA. and albumin in
tear fluid from healthy young adults before and after a single over-
night (7 h) use of ortho-k lens. The Echics Subcommirtee of The
Hong Kong Palytechnic University approved this study, and all
procedures involving human subjects complied with the Declara-
tion of Helsinki as revized in 2000,

Ten subjects {Chinese men) aged 22 to 30 years were recruired
with their informed consent. All subjects were asympromaric,
Mone were smokers or users of vitamin supplements, and none
were contact lens wearers. Subjects in this crossover study artended
our clinic on two separate occasions during a 1-week period. On
both occasions they were provided wich the same food and bever-

age 4 h before the first rear collection. Our previous studics have
shown return ro baseline of tear ascorbate by 4 h after ingestion of
vitamin C.*® Five subjects wore artho-k lenses on the first occa-
sion, and five subjects wore ortho-k lenses on the second visit. Each
subject acted as his own control, wearing no lens on one overnight
trial. Tear samples (induced by yawningl at encry were collecred
just before insertion of the lenses [Fargo trial lenses; HDS100;
D100 = 107" em®s ml Oy/ml % mm Hg; central chickness,

2 mm (G Specialists, Led., Phoenix, AZ)]. Volunteers under-
went a routine eye examination for refraction and ecular health ar
the Hong Kong Polytechnic University Optomerry Clinic. A qual-
ified opromerrist performed the examination and ficting of lenses
following our routine protocol. All lenses firted showed adequate
movement on blink and good centration—about 4 mm minimal
central bearing and light midperipheral bearing, Mo clinically sig-
nificant lens binding was obscrved in any of the subjects on awak-
ening, All trial lenses used were designed ro reduce myopia by 2 D,
After insertion of the ceial lenses (bath eyes), the subjects were
requested to keep their cyes closed from then until going 1o sleep.
although cyes were not taped shue. Another rear sample was col-
lected as soon as possible after the subjects awakened in the morn-
ing and before lens removal. Sliddamp examinatien afrer fluorescein
staining was also used to assess corneal integrity before and atrer the
overnight trial periods. We also used Medmont E300 corneal ro-
pographer (version 3.90, Medment Pry. Lrd., Camberwell, Aus-
tralia) to measure the apical curvarure of the cornea of each subjecr
before and after overnight ortho-k lens wear,

Because of resource limitations, the researcher whe collecred
and analyzed the tears was not masked with respect to whether the
subject had worn lenses overnight. However, it is unlikely that bias
could have been introduced into the biochemical analyses because
all samples collecred on cach study day were processed in parallel
with automated methods of analysis used.

For tear analysis, abour 40 pl yawn-induced reflex tears were
collecred from both eyes using 20-pl disposable capillary tubes
iDrummond Sciendfic Co., Broomall, PA), To minimize che ef-
fecr of different tear flow rare for each subject on different occa-
sions, the rime for rear collection was recorded, and the daca of
cight subjects who had similar cear flow rares in pre- and post-lens
wear samples were selected for analysis. The within-subject varia-
tion in tear flow rate was not in any p:lrtiu:ul;ar direcrtion.

Ascorbate concentration and LD acoivity 0 the rear samples
were measured within 1 h of tear collection, Ascorbare was mea-
sured using a Waters Millenium high-performance liquid chroma-
tography (HPLC} system (Waters Alliance, Milford, MA] as de-
scribed previously.'® LD activity was measured using a commercial
kit (LDH/SFBC Unimarte 3, Roche Diagnostic Led., Basel, Swir-
zerland) on a Cobas Fara centrifugal analyzer (Roche). Tear urate
was also measured (by HPLC) to investigate possible evaporagion
effects: urate is not concentrated within cells, and we have fotnd
that urate concentration does nor increase with ocular surface
irritation.'®

Chualirative and quancitarive analyses of the major tear proteins
were performed by sodium dodecyl sulfare-polvacrylamide gel
electrophoresis (SD5-PAGE), followed by scanning densicometry
as described previously.™ In brief, SDS-PAGE was performed on
Bio-Rad MinilProtean 11 Cell (Bio-Rad, Hercules, CA) according
to the discontinuous bufter system of Laemmli.™" After SDS-
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