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ABSTRACT: To determine the effect of oral consuraptdf different concentrations of caffeine on néaron, thirty
(30) healthy volunteers consisting of fifteen maes fifteen females were used for the study. Thgests were aged
between 19-30 years with a mean age of 24.2+2a8syd@hey were all non-habitual consumers of coféee non-
smokers of cigarettes. The subjects were all emapes and had no history of any systemic or oqednologies. For
the purpose of the study, the subjects were dividim2 groups (A and B) of 15 subjects each, tactv2 different
concentrations of caffeine (100mg and 200mg ) wdmsimistered. The near vision was assessed by niegsihe
amplitude of accommodation (A of A) and near paihtonvergence (NPC) of the subjects using theaRAyforce
(RAF) rule. The measurements were taken beforefteard after 30, 60 and 90minutes of oral conswnpdif 100mg
and 200mg concentrations of caffeine solutions eeyely. Statistical analysis of the data wasiedrout using
ANOVA and T-test, where it was discovered that domsumption of the two concentrations of caffeiaeised a
significant change in the mean A of A and NPC (BSR Thus the consumption of certain concentratiboaffeine
has the capacity to adversely affect near vision.
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Introduction

The word caffeine was derived from the Italtearm for coffee, i.e. 'cafe'. It is an organic gwund
which has a stimulating effect on the Central Nes/&ystem (CN$) It is derived from various natural
sources e.g. leaves and beans of the coffee pkmt,guarana berries, kolanut, and cocoa. Caffisine
contained in various drinks and beverages consumeaddwide, making it the world's most widely
consumed psychoactive substance. In its isolated, foaffeine is a white alkaloid with an intensebigter
taste and has been made in tablet and capsules.fétrimcreases mental alertness and improves @n th
general coordination of body tiss@éslt is sometimes combined with antihistamines coninteract the
drowsy effect of these drugs including the tmeait of other conditions like difficulty in breatfy in
newborn babies. People who are used to the congampit large amount of caffeine over a long period
tend to build up tolerance to it such that, thayehto consumme more quantities of caffeine dailget
same effect, ett?®
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Caffeine is metabolized in the liver, complgtabsorbed by the stomach and small intestinkinv20
minutes of ingestion, after which it is distributdotoughout all the tissues of the body. It thereftakes
less than an hour for caffeine to have full effeat the body system. Caffeine acts on receptors and
channels in the cell membrane, as well as intralellaction on calcium and cAMP pathwa§sLike
alcohol, nicotine and antidepressants, caffeinelike@rosses the blood brain barrier. And oncelie t
brain, its principal mode of action is that of @magonist of adenosine receptors found in thim biide
caffeine molecule is structurally similar to adenes and binds to adenosine receptors on the sudhc
cells thereby acting as adenosine inhibitor. Thiicdon in the activity of adenosine results inrgased
activity of the neurotransmitter, dopamine, whiahgely accounts for the stimulatory effects of eai& .
Thus, acute usage of caffeine would result in iaseel levels of serotonin, because adenosine isrkimw
constrict the afferent arterioles of the glomerultsinhibition may therefore cause vasodilatatieith an
increase in renal blood flow (RBF) and glomerulidtration rate (GFR). This effect, called compeii
inhibition, will interrupt the pathway that reguést nerve conduction by suppressing post-synaptic
potentials. This will result in increase in the dééwf epinephrine and nor-epinephrine releasedtivia
hypothalamic- pituitary-adrenal a%fs’

Accommodation is the ability of the eye t@ofge the refractive power of the lens to enabledus on
an object at any given distance. It is a complemlzioation of sensory, neuromuscular and biophysical
phenomena by which the refracting power of theahanges rapidly to produce distinct image of olsjett
different viewing distances clearly on to the rafif®. Accommodation reflex involves: pupil contraction,
increased lens convexity, and convergence of tee Bye stimulus to accommodation is retinal blurclth
elicites nervous impulse that is transmitted viereit pathway to area 17 of the brain. This ismated
by the oculomotor nerve (GNwith majority of the fibres being relayed throutite ciliary ganglion cells
from the midbrain nucled$™ The ciliary muscles (smooth muscles) regulatesability of the eye to
focus and this is measured in two forms: neartpoiraccommodation (or punctum proximum); and far
point of accommodation (or punctum remotum). Thetatice between the far point and near point is
referred to as ‘range of accommodation’. The maximamount of accommodation that the ocular system
can produce is called amplitude of accommodatiomf{A). It decreases from childhood uptill abolie t
age of 60 year®*3

Convergence can be defined as the movemahedfvo eyes towards the midline to maintain arle
and comfortable vision at near. It is stimulatedtiy presence of retinal blur. The process of cayerece
is brought about by the action of the medial rentiiscles also innervated by the oculomotor nerve
(i.e.CNs). The measurement of convergence is by the datetion of the nearest point at which the eye
can maintain a single, clear, binocular vision vahis usually termed the ‘near point of convergence’
(NPCY*  Convergence can be measured in the clinic bgroig the strongest base-out prism that can
be used without inducing diplopia (act of seeinghie). It can also be determined by the use of RAE
which will indicate the distance at which the targeuld appear double or blurréd®**

Materials and M ethods

The study was carried out in the Optometiipi€lof University of Benin, Ugbowo, Benin City i&do
State of Nigeria. The study population was madefua sample size of 30 healthy subjects between th
ages of 19 and 30 years with mean age of 24.242a@sy comprising of 15 males and 15 female with
each subject serving as his/her own control. Tlwese randomly selected from seventy volunteers who
were students of the University of Beinn.

The subjects who were all emmetropes, haavarage body weight of 70kg and had no historgmyf
ocular or systemic pathologies. Neither were they amy form of medication. Their visual acuity
assessment was carried out with Snellen’s chaetsergl eye-health was assessed with penlight aadtdi
ophthalmoscope; NPC & A of A and measurement warged out with the RAF rule. The study began
at 8.00am each day before breakfast where the NFICaf A of each of the subjects was determined.
Thereafter, a 100mg weight of Nestle caffeinatetfeeowas dissolved in 200ml of hot water and was
administered on each of the subjects before breakfdhe NPC & A of A were measured again after the
administration of the coffee at intervals of 30 otas, 60minutes and 90 minutes respectively fathall30
subjects. The mean value for the readings obtaaneide three intervals for each subject was resbia/
simple conversion to dioptres directly from the RAHRe. The period for the experiment each day was
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between 8.00am and 12 noon without breakfast. Andodk two days to administer the 100mg
concentration on all the subjects. After an intemfitwo days, the subjects were reassembled fer th
ingestion of the second concentration of coffee2@mg in 200ml of hot water. Their NPC & A of A
were measured as usual before thee administrafiahhi® second concentration of coffee. After the
administration of the coffee, the measurement wpsated three times at an interval of 30 minutesifo
the 30 subjects and the mean was recorded forafdablem.

Results

The result presented in Table 1 show thatniean NPC decreased in value after the ingestion of
100gm weight of coffee solution in both males amuhéles. However, the mean A of A increased ineval
after the ingestion of coffee. Statistically, rdés a significant difference in mean NPC an@fAA
before and after the in-take of coffee solutiohingervals of 30, 60 & 90minutes, in both makesd
females, using the one way analysis of variance @¥N F=146.893 P<0.05: F=111.392, P<0.05: F=
192.59, P<0.05). Also the Post Hoc and Duncan iplaltRange test showed that the mean difference in
NPC and A of A before and after ingestion of coffeeer a period of 30, 60 & 90minutes were not
statistically significant. However, the mean diffece before and after 30mins were different sicaiby
from mean difference between 60 and 90mins afteirtgestion of coffee.

Table 1:Gender distribution of mean NPC & A of A before aftér ingestion of 100 gm weight of Coffee

TIME MEAN NPC MEAN A of A
INTERVAL

Males Females Males Females
Before 8.00+0.00 7.86+0.36 11.46%1.09 11.67+0.617
30 mins 7.80+0.41 7.79+0.43 12.63+1.75 12.4040.63
60 mins 6.53+0.52 6.93+0.62 14.38+2.29 10.5740.52
90 mins 6.07+0.41 6.29+0.47 14.81+2.14 14.53+0.52

Table 2 shows that the mean NPC decreasedlire after the ingestion of 200gm weight of ceffe
solution in both males and females wile the meaof A increased in value after the ingestion of eeff
Statistically, there was a significant differefimfore and 30mins, 60mins & 90mins after the itigasn
mean NPC and A of A in both males and femalesqusiire one way analysis of variance (ANOVA
F=146.893 P<0.05: F=131.82, P<0.05: F=221, P<0AEBp Post Hoc and Duncan Multiple Range test
showed that the mean difference in NPC and A diefore and after ingestion of coffee for the perid
30mins, 60mins & 90mins after the ingestion offeefwere not significantly different. Howevehngt
mean difference before and after 30mins were rdiffestatistically from mean difference betweera6d
90mins after the ingestion of coffee. The resuftoathowed that in both males and females the most
significant effect on NPC was after 90mins of irtges of coffee; while the least significant effastis
after 30mins of ingestion of coffee. The effectcoffee on A of A was most significant after 30mufs
ingestion.
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Table 2:Gender distribution of mean NPC & A of A before &am ingestion of 200 gm weight of Coffee

TIME MEAN NPC MEAN A of A
INTERVAL
Males Females Males Females

Before 8.00+0.00 7.86+0.36 11.44+1.08 11.67+0.62
30 mins 7.07+0.80 7.2+0.70 13.69+1.96 13.27+0.96
60 mins 5.86+0.64 6.214+0.58 15.81+0.83 14.60+0.74
90 mins 5.40+0.51 5.57+0.51 16.50+2.92 16.07+0,96
Discussion

Table 1 showed that the mean NPC and A dfefore ingestion of coffee were 7.93+0.25cm and
11.67D +0.61 respectively while after the ingestimn100mg of coffee the mean NPC decreased (
i.e.better convergence) while that of A of A in@ed with increasing time. The reason is that with
stimulation of the innervations to the medial rectauscle there is increase in the inward pull & th
muscles resulting in the decrease in the NPC v&@uethe other hand, the reason for the increagedh
A was as a result of greater stimulation of theagil innervations brings about increase in the
accommodative activity of the ciliary muscles andsequent increase in accommoddfioh'> The mean
A of A and NPC before and 30mins, 60mins and 9@snmafter ingestion of 100mg of coffee, was
statistically significant using one way analysiswafriance (ANOVA: F = 114.79,p < 0.05) with NPC
decreasing systematically by a mean difference. 3 @m (7.80+0.41 cm) within 30 mins for the 100 mg
group. Also, the difference in mean A of A beforel@0mins, 60mins and 90 mins after 100 mg caffeine
ingestion was statistically significant (ANOVA: F £11.99, p<0.05) increasing systematically within
30mins by 0.9 D (12.57+£0.94 D) for the 100 mg group

Table 2 also showed that the mean NPC desmilefasm the baseline value of 7.93+0.25cm and 11.67
+0.61D after the ingestion of 200mg coffee. Aldw thean NPC & A of A before and 30mins, 60mins and
90 mins after ingestion of 200mg of coffee, wasistiaally significant using one way analysis ofiaace
(ANOVA: F = 121.88,p < 0.05) with NPC decreasingtsynatically by a mean difference of 0.13 cm
(7.80+0.41 cm) value and that of A of A increasdigr ingestion of 200mg of coffee. Also, the méan
of A and NPC before and 30mins, 60mins and 90 raftes ingestion of 200mg of coffee, was statistyca
significant using one way analysis of variance (ANO F = 159.97,p < 0.05) with NPC decreasing
systematically by a mean difference of 0.13 cm@®41cm) . This implied an improvement in the ealu
of NPC in all the subjects and A of A with ingestiof 200mg of coffee. This was in line with thadies
by earlier reseachers.

The reason for this was probably becausegeitedfreadily crosses the blood-brain barrier and ac
primarily on the receptor cells within the brainhig stimulates the activities of excitatory nervous
pathways which decreases the activities of inhibiteerve pathways. Since caffeine has similar stinec
as adenosine receptors in the brain, it binds ésdlreceptors and thereby inhibiting their actgiti'’*3
This effect, called competitive inhibition of adaime receptors, interrupts the pathway that nogmall
serves to regulate nerve conduction by suppregsisggsynaptic potentials. The result is an incréaske
levels of epinephrine and nor-epinephrine thatrateased via the hypothalamic- pituitary-adrenas.ax
Epinephrine, the natural endocrine response toreeped threat, stimulates the sympathetic nervous
system, leading to an increased heart rate aneftrerincreased blood pressidré*®? This stimulates
the nerves innervating the ciliary muscle and cqusatly the suspensory ligament which holds the
crystalline lens in place causing it to relax aelkase the tension on the lens. This leads tonttrease in
the anterior-posterior diameter of the lens andseqoently results in increase in accommodation.
Convergence is brought about by the stimulatiothefoculomotor nerve (G)that innervates the medial
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rectus and the inhibition of thd"@&ranial nerve that innervates the lateral rectusaie causing it to be
pulled inward. This effect was dose dependent lmxaigute usage increases the level of neurotraesmit
secreted in the blood thereby increasing accomredattivities®**%+#

The NPC also showed a systematic decreasean between the two concentrations of caffeine and
this difference is statistically significant aft8dmins, 60mins, & 90mins, using the paired t-t¢s8.60,
p<0.05: t=6.68, p<0.05: t=7.17, p<0.05. On the @yt the A of A showed a systematic increase iame
difference which is also statistically significaafter 30mins, 60mins, & 90mins of ingestion of eeff
using the paired t-test (t=-6.12, p<0.05: t=-5;280.05:t= 12.42, p<0.05).

Thus there is a decrease in NPC break vaiteincreased dosage of coffee; and there is aease in
A of A value with increased dosage of coffee thgrizhproving both NPC and A of A. The result also
showed that the mean decrease in NPC and meamasecire A of A is slighty higher in males than feesal
This was because of the physiological differencesiales and females, which is in agreement witheear
experimental studié&®*%

This increase in A of A and the improvementonvergence would prevent symptoms of asthenopia
usually associated with near work in early preskgon the other hand, a young adult whose A o A i
normal or in excess may experience further inaeass/alue of A of A after ingestion of caffeinEhis
may lead to convergence excess or divergence iomuffy with associated symptoms of
headaché§'*34

Conclusion

The study revealed that the ingestion ofeia#f has a significant positive effect on NPC andfA.
And the effect is dose dependent and gender rel@ited the stimulating effect of caffeine might lelesan
individual with convergence insufficiency to ovenge symptoms of asthenopia at near, especiallgily e
presbyope¥#2¢ Also, the positive impact of caffeine on NPC lcbbe exploited in the management of
convergence insufficiency, a common phenomenon gnedeerly patients which tend to require higher
reading additions for near wotR"*

The study also brought out the need for egre- practitioners to take detail history of thgatients so
that they would always be conscious of thesectffen counselling their patients who may be regula
consumers of caffeine. This is because, patientstvetve high-blood concentration of caffeine may epd
with inaccurate results in subjective refractiospexially patients who are already in the preshyaygje-
bracket.
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