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The effect of reading on intraocular pressure

Abstract

Twenty-three subjects were tested with American Optical's Non-Contact Tonometer under four randomly-
sequenced conditions: 1) before and after reading for ten minutes through a +2.00D add; 2) before and
after reading for ten minutes through a plano add; 3) before and after reading through a-1.00D add; and
4) before and after a ten minute period during which the subject sat relaxed with a plane add and fixated
normally. The mean change in IOP for each of the four conditions was analyzed using a one-tailed
analysis of variance and revealed no significant differences among any of the means. Results were
discussed with relation to the findings of Armaly and Burian (1958), and Armaly and Rubin (1961).
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ABSTRACT

Twenty~three subjects were tested wlth American
Optical's Non-Contact Tonometer under four randomly-seq-
uenced conditions: 1) before and after reading for ten
minutes through a +2,00D add; 2) before and after reading
for ten minutes ‘through a plano add; 3) before and after
reading through a -1,00D add; and 4) before and after a ten
minute period during which the subject sat relaxed with a
plano add and fixated normally.

The mean change in IOP for each of the four conditlons
was analyzed using a one-tailed analysis of variance and
revealed no significant differences among any of the means,
Results were discussed with relation to the findings of

Armaly and Burian (1958), and Armaly and Rubin (1961),



INTRODUCTION

One of the standard clinical findings in the modern
optometric examination is the determination of the patient's
intraocular pressure(IOP). This measurement is a valuable
tool in the detection of glaucoﬁa when used in conjunction
with other findings such as visual flelds, internal exame~
ination~-of the eye, and the patient's ocular history. It
i1s obvious, therefore, that accurate ‘determination of IOP
1s essential, and that changes in IOP which are due to fac-
tors other than pathology should be recognlized and taken
into account when interpreting these values.

Some of the factors that affect IOP level are: Normal
diurnal variation of pressure related to a similar veriation
in the rate of aqueous:formation; external pressure on the
globe which may be caused by forced 1id closure, rubbing
the eyes, or cocontraction of the rectus muscles; changes
in the arterial blood pressure;1ar physical exer'<":ise.2"3

Another varlable which may.affect the IOFP 1s the siate
of accommodation of the eye. Although thils should be an
area of prime interest to the Optometriz und Ophthalmologi-
cal professlons, 11ttle published information ls avillable,
Armaly and Burian(1958)4 used a 3chiotz indentzbina tono-
meter on young "normal” subjects and found that the cal-

culated ICP dropped 1-b mm Hg when tonometry was done during



4,00 D of accommodation, This was due tc the increase of
the C value, or outflow facility, under this conditlon., In
a later study, Armaly and'Rubin (1961)5 used the Goldmann
applanation tonometer on yeung and old "normal" subjects

and found a mean IOP reduction of 3,58 mm Hg during 4.00 D
of accommodation for all subjects, a 4,5 mm Hg reductlon for
young subjects, and a 2,35 mm Hg reductlon for the older sub-
Jects, Of interest also 1ls the fact that the change in pupil
slze resulting from accommodation was found not to be a sig-
nificant factor in IOP reduction. Borish(lQ?O),6 in a listing
of provocatlve tests for the diagnosls of glaucoma,.states
that reading fine print for 45 minutes may ralse ocular ten~
sion 10«15 mm Hg.

The purpose of the present experiment 1s to investicate
the effect of accom.odation during reading on intraoccular
pressure, -In addition, the effects of reading through mlnus
and plus lenses will be studied., The hypothesls which will
be tested is that IOP will drop significantly from normal
during accommodation. Results will be dlscussed 1in relation
%o the findlings of Arnaly (1958&1961), and with respect to

implications for the clinical optometrist.



INSTRUMENTATION

A1l IOP measurements were taken with an American
Optical Non=Contact Tonometer. Measurements were taken
before and after reading througnh +2,00D, -1,00D, and plano
lenses. These lenses were placed before the subjects' eyes
by inserting them in Halberg clips, whlch were attached to
the subjects' habitual glasses, If the subject had no glasses
a comfortable fitting frame was selected from the frame board
at Pacific University Optometric.Clinic. If the subject's
habitual correction overcorrected or undercorrected his re-
fractive error by more than .,25D, proper lenses were lnser-
ted In the Halberg clips to provide accurate correctlion of
the refractive error. Passages used for reading material

were selected from The Pharmacologloal Bases of Therapeutlos

by Goodman and Gilman. The print size of this material 1is
approximately .80M (20/40), The reading material was
placed 16 inches away from the subject, at eye level, on

an ad justable reading stand.
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SUBJEGTS

The 25 subjects used were all students at Pacific
University and met the following.redulrements:

1.) A corrected visual aculty of 20/20 or better.

2.) No evidence or history of ocular disease Or surgery.

3,) Age between 20 and 30 years,
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PROCEDURE

Kach subject was tested on four dlfferent occassions
and under four different conditions. In condition one,
three IOF measurements were taken lmmedlately before and

after reading for 10 mlnutes through a plano add. In con-

ditlon two, three IOP measurements were taken immedliately

before and after reading for 10 minutes through a +2,00D

add, The same method was used in conditlon three, except

that a ~1.00D add was used. In the fourta condition, the

stand and readinz materlal were removed, and the subject

was required to sit relaxed for !0 minutes with a plano add

and fixate normally, Three I0P measurements were taken

immedlately before and after this 10 minute period. The
order in which these conditlons were performed bLY was ran-
domlzed to avold any possible effects from the testing
sequence,

In each of the first three conditions, the subject

was seated comfortably with the readlng material sltuated

at eye level, in order %o mlnimize any changes in pressure

which, according to Adler(1l970), can occur with neck com-

pression or wending over. The subjJect was requested to
relax, and to avold unnecessary body movements, to prevent

any effects which muscular actlvity might have on 1op.%

In order to encourage the sublects to malntaln attentlon
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and fixation on the reading material, each subject was in-

formed prior to testing that he would be given a brief qulz

on the materlal he was about to read. Followlig testing,

two short questions were posed 1in order to assure that
subsequent reading material would recelve similar atten-

tion from the subject, In addition, one of the examiners

closely observed each subject whlle he was rezdlng, sc that

poor attention or lack of constant fixatlion on the reading

materizl could be noted.

The post-readlng I0P measurements were taken as . aquickly

as possible after.the subject flnished reading. In order to

faclllitate taking the fastest readings possilbe, readings

were taken only on the right eye. Also, the reading stand

was posltioned close to the tonometer, so that after read-

ing, the subject could merely swlvel around and be in the

proper position for IOF measurements to be made.

A small reading light was posltioned so that it pro-
vided proper near point 1lllumination for reading, as well

as providing good stimulus for accommodatlon. Room lights

were left on so that no drastic pupil changes would occur

at any time durlng the testlng procedure.

In order to avoid any experimenter blas, this study

was done in double-blind fashion, The experlmenter taking

the tonometer readings was unaware of which lenses the sub-

Ject had been wearing during the rezding perlod,



RESULTS

Mean chaage in IOP for each of the 4 ceonliticons was
calculated, 2nd these means are shown in Taole 1,

Table T11 shiows the change In I1I0P for each subject,
under each of the 4 conditions. A one~talled analysils of
varlance was performed on the data, as 1llustratad 1o
Table I1I, This tawle shows the steps involved in thne
analyslise. The null hypothesis, that the differences
between the means were due to chance, failed to be rejec-

ted at the ,01 level,
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DISCUSSION

In the present experiment no significant differences
were found in the mean intraocular pressure change for .any
of the investigated conditions, _Therefore, it made no dif-
ference whether the subject read through a +2,00D lens, a
~-1,00D lens, or a plano lens, or whether the subj)ect sat
for 10 minutes without reading; all changes recerded could
be attributed to chance, These results are not 1ln agree-
ment with the findings of Armaly and Burian (1958) cr of
Armaly and Rubin (1961), both of which reported signific-
antly lower pressures during short periods of accommodation,

A number of procedural differences between those studles
and the present study could perhaps account partlally for
this discrepancy, In those reports showlng slgnificance,
different tonometers were used=-=-a Schiotz 1lndentation ton-
ometer in the Armaly and Burlan study and a Goldmann app-
lanation tonometer in the Armaly and Rubin study. The Non=
Contact Tonometer, which was used in the present experiment,
1s callbrated against the Goldmann and should in theory
give similar values. Also, the repeatabllity of NCT findings,
which has been questionsd in the past, has been found to
be gocd, providing the same sequence was followed from test
to retest.? However, the NCT which was used in the present

experiment was alsc avallable for use by some three hundred



student clinliclans at the University and no doubt recelved
some rough treatment during the duration of the study. It
was noted during testing of subjects that a number of awnor-
mally low readings was being recorded. A4lso, the magnitude
of pressure change within each condition varied much from
subject to subject in seemingly randem fashion(graphs 1,2,3,4).
Another difference in procedure that 1s relevant con=
cerns the fact that Armaly's measurements in both éases were
obtained during accommodation, while in the present study
the measurements were taken after the subject hadvaccommo~
dated a certalin length of time., While 1t does not%t seem proe-
bable, it nevertheless 1s possible that the changes in IQP
measured by Armaly are rapld in reversal (on the order of
5=15 seconds) and therefore were back to normal by the time
tonometry readings were actually meésured, The posslibllity
that TOP change due to accommodation is a delayed reaction
and, therefore, not recorded in the present study seems to be
ruled out by Armaly's studies, which reported significant
I0P changes only 5 minutes after accommodation begarn. Finally,
Armaly's studies used 4,00D of accommodation, while the
greatest amount of accommodation used in the present study
was 3,50D . [t is remotely posslble that the relationship
between IOP and accomnmodatien is non~linear ani that IOP
is not siénificantly changed with less that 4.00D of accom-

modation.
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CONCLUSIGH

Prom the data obtained in the present study it would
seem that IOP would not be affected in any predictable man~
ner by reading alone, or by reading through plus or minus
lenses, The optometrist in practice, therefore, need not
be concerned about nearpoint testing affecting tonometry
readings, nor be concerned that patlents reading while
waltlng to be examined will exibit abrormal pressure read-
ings if the measurements are taken early in the exam,

This of course is a cautlious statement, owing to the limi-
tations of the experimental design, and further research on
the problem is indicated, It would be valuable to learn
how IOP changes over a period of time (an hour or more) with
measurements belng taken every several minutes for éhe dur-
ation of the reading session. If some method could be de~
veloped whereby the NCT measurements could be taken while
accommodatlion was still in play (as in the Armaly studies),
another potential source of error could be ezliminated,

There 1s room for much more study in the area of read-
ing effects on intraocular pressure measurements, and it is

hoped that more research will be forthcoming
)
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FOOTNOTES

h ]uoses, Robert A,, Adler's Physiolegy of the Eye,
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BNarcus@ et al, BEffect of ‘exerclse on intraocular
pressure, Investigative Ophthalmology 9(i10): 749,
October 1970,

4Armély,:M ¥,, and Burilian, H. M., Changes in the
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SArmaly, M, F., and Rubin, M. L., Accommodation and
applanation tonometry, Arch. Ophthal. 65:415, 1961,
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459, 1970,

7"oodman, Louis S., and Gilman, Alfred, The_
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