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ecent and past literature
Rproves that cigarette smoking
has become the most preva-

lent form of drug dependence and ev-
idence of the serious damage to eye
health is emerging. However, public

awareness about smoking and ocular
disease is sadly lacking.

Age-related macular
degeneration
According to the largest study of the as-
sociation of smoking and age-related
macular degeneration (ARMD) in the
British population, currently there are
estimated to be approximately 200,000
people aged 75 years and above visually
impaired due to ARMD in the United
Kingdom' of whom approximately
28,000 may be attributable to smok-
ing.? In the United Kingdom, ARMD is
the most common cause of blind regis-
trations

Apart from West et al4 and Chans
who did not find any association be-
tween tobacco smoking and ARMD, all
major studies have shown a direct rela-
tionship to its development? mostly the
neovascular type and geographic atro-
phy#e The Macular Photocoagulation
Study found that 85% of patients with
neovascular ARMD who smoked more
than 10 cigarettes per day suffered a re-
currence of neovascularisation; either
contiguous with or independent of prior
laser treatment, compared to 51% of
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non-smokers.Smith et al" in their report
of the combined data from three major
studies; the Beaver Dam Eye Study, the
Rotterdam Study, and the Blue Moun-
tains Eye Study, stated that apart from
age, tobacco smoking was the only risk
factor consistently associated with any
form of ARMD.

Number-years of cigarette smoking
and / or gender relationship to devel-
opment of ARMD has also been inves-
tigated, Khan et al® found a strong
association between ARMD and pack
years (P=0.002); with more than 40
pack years of smoking odds ratio (OR)
was 2.75 (95% confidence interval [Cl]:
1.22-6.20) compared with non-smok-
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ers. They stated that stopping smoking
was associated with reduced odds of
ARMD, and the risk in those who had
not smoked for over 20 years was com-
parable to non-smokers. This risk pro-
file was similar for males and females.
The same investigation revealed that
passive smoking was associated with
an increased risk of ARMD (OR: 1.87;
95% Cl:1.03-3.40). Hyman et al> found
that cigarette smoking was signifi-
cantly related to ARMD in men (relative
risk [RR]: 2.6; Cl: 1.15-5.75) but not in
women (RR:0.84; Cl: 0.48-1.47). Seddon
et al3found that women smokers who
smoked 25 or more cigarettes a day had
a relative risk of 2.4 (Cl:1.40-4.00) com-
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Figure 1: Cause of binocular vision impairment in 976 over-75s in UK general practice.
(source: National Electronic Library For Health, August 2004).
pared to women who have never  subcapsular opacities (RR: 1.44),

smoked. Past smokers of 25 or more cig-
arettes a day had almost the same rel-
ative risk (2.0) as current smokers.
Smith et al9 stated that compared
with never smokers, ex-smokers (OR:
1.34; Cl: 0.96-1.87) and current smokers
(OR:3.1; Cl: 210-4.63) were more likely
to have ARMD. The subsequent exten-

sion of those analyses by Seddon et

al“found that current smokers had
1.9 fold increased risk (95% Cl: 0.99-
3.68; P=0.06) of ARMD while past
smokers had about a 1.7- fold increased
risk (95% Cl:1.2-2.6; P=0.009).

Different pathophysiological mech-
anisms were implicated in the patho-
genesis of ARMD. One possible factor
is the compromised choroidal blood
flow (see section under ocular is-
chaemia) promoting ischaemia, hy-
poxia and microinfarcts subjecting the
macula to various degenerative
changes.’s Another mechanism is sug-
gested by the findings that serum lev-
els of antioxidant compounds, such as
selenium, vitamins C, E, carotenoids,
lutein, zeaxanthin and licopene are
lower in patients with ARMD than in
the normal population.®7 The outer
retina is rich in polyunsaturated fatty
acids and may be damaged by free rad-
ical formation and oxidation.’®2°

Cataract
Several reports have highlighted the to-
bacco-smoking associated risk of
cataract formation.#» Nuclear and pos-
terior subcapsular cataracts are the
most prevalent types in smokers.26-29

A positive dose-response relation-
ship has been reported by many. The
City Eye Study?® found that the relative
risk for nuclear cataract ranged be-
tween 1.0 for past light smokers and
2.6 for past heavy smokers, while the
relative risk for current heavy smokers
was 2.9. Similarly, Christen et al.
showed that past smokers were at in-
creased risk of developing posterior

whereas current light smokers had the
same chance of developing any type of
cataract as subjects who had never
smoked. Hankinson et al° found a
strong association of posterior sub-
capsular cataract and smoking of 65 or
more pack-years (RR: 2.59). West et al*
found a staggering 18% increase in the
risk of cataract progression with each
pack-year. Smoking also appears to in-
crease the risk of cataract in type 2 di-
abetics.

The Beaver Dam Eye Study3* found
that the odds ratio associated with 10
pack-years was 1.09 (Cl:1.04-1.16). The
incidence of posterior subcapsular
cataract was increased for men (OR:
1.05; Cl:1.00-1.11) and women (OR:1.06;
Cl: 0.98-1.14) but cortical opacities
were not found to be linked to smok-
ing. Similarly, Krishnaiah et al4found
that compared with never smokers,
heavy cigarette smokers who smoked
more than 14 pack-years had a signifi-
cantly higher prevalence of nuclear
cataract (OR: 2.11;95% Cl:1.38-3.24) and
in cigar smokers who smoked heavily
(>21 person-years of smoking; OR:1.50;
95% Cl: 1.10-1.95). In contrast to other
studies, they found that heavy ciga-
rette smokers had higher prevalence
of cortical cataract (OR: 2.11; 95% Cl:
1.38-3.24) than non-smokers.

It is unclear whether any benefit is
obtained from smoking cessation.
Christen et al found that compared

with current smokers, multivariate rel-
Figure 2: ARMD and cataract are the main
ocular risks of tobacco smoking.

ative risks of cataract in past smokers
who quit smoking fewer than 1o years,
10 to fewer than 20 years, and 20 or
more years before the study were 0.79
(95% Cl: 0.64-0.98), 0.73 (95% Cl: 0.61-
0.88),and 0.74 (95% Cl: 0.63-0.87), re-
spectively after adjustment for other
risk factors. The relative risks for non-
smokers was 0.64 (95% Cl: 0.54-0.76).
Weintrab et al found that compared
with current smokers, former smokers
who had given up smoking 25 or more
years previously had a 20% lower risk
of cataract extraction after adjustment
for other risk factors (RR: 0.80; 95% Cl:
0.71, 0.91). However, risk among past
smokers did not decrease to the level
seen among never smokers (for never
smokers, RR: 0.64,95% Cl: 0.52,0.79).

Speculations about the role of smok-
ing in the mechanism of cataractoge-
nesis abound. One  probable
mechanism is through oxidative dam-
age.s37 Cadmium (a metal found nat-
urally in soil which is taken up by green
leafy plants such as tobacco) may di-
rectly interact with lens proteins and
denature them, and its precipitation in
human lens may also lead to precipi-
tation of lead and copper, causing fur-
ther toxicity.3%4°

Thyroid eye disease

Smoking is a major avoidable risk fac-
tor for developing thyroid eye disease
(TED) and those patients are four times
more likely to be smokers or former
smokers than never smokers.#744 The
greater the number of cigarettes
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smoked per day, the greater the risk of de-
veloping TED.4547 Tellez et al4¥ confirmed the
association between cigarette smoking
and Graves‘ ophthalmopathy, but stressed
the importance of genetic factors, such as
ethnicorigin, in the relationship.They con-
cluded that Europeans have 2.4 times (Cl:
112-3.18, 95%) higher risk of developing
smoking-related TED than Asians. Chen et
al4 found a significantly higher prevalence
of cigarette smoking in women with
Graves’ ophthalmopathy and non-toxic
nodular goitre than for healthy female con-
trols (OR: 8.15), while all enrolled men and
women with Graves’ disease without oph-
thalmopathy showed no significant associ-
ation with cigarette smoking. Cigarette
smoking was found to increase the risk for
progression of ophthalmopathy after ra-
dioiodine therapy and decreases the effi-
cacy of orbital radiation therapy and
glucocorticoid therapy.4¢

Tobacco smoking affects iodine metab-
olism in the thyroid gland.+> Metcalfe and
Weetmans° found that tobacco-induced
hypoxia could stimulate both protein syn-
thesis and proliferation of extraocular mus-
cle-derived fibroblasts and enhancing
muscular inflammation.

Ocular circulation

Robinson et al.s' reported that macular
leukocyte velocity in habitual smokers was
increased by about 12% immediately after
smoking. Morgado et als* reported that
smoking caused a 10% decrease in retinal
blood flow in habitual smokers. Williamson
et al® found that cigarette smoking was
associated with lower ophthalmic artery
velocities which may be relevant to the
pathogenic mechanisms of conditions
such as central retinal vein occlusion.
Tamaki et al** found that smoking in-
creases tissue blood velocity in the optic
nerve head and possibly that in the
choroid, in habitual smokers whose length
of smoking history was 10 years on aver-
age.

The mechanisms by which cigarette
smoking affect the ocular circulation have
been studied by several investigators.
Havelius and Hansenss found that the nor-
mal capacity for the increase in flow veloc-
ity in the central retinal artery in darkness
is strongly reduced in smokers. This effect is
probably explained by the combined ef-
fects of increased blood viscosity and the
vasoconstrictive action of nicotine. Syn-
chronously, the impaired release of oxygen
to the tissues caused by the binding of car-

bon monoxide (CO) to haemoglobin fur-
ther compromises the microenvironment
of the retina, creating a state of relative tis-
sue hypoxia. Nicotine causes increase in
mean blood pressure due to stimulation of
the sympathetic nervous system and adre-
nal medulla.s®s® Further, cigarette smoking
or nicotine infusion increases plasma con-
centration of vasopressin or angiotensin
[I596© in addition to noradrenaline or adren-
alines s8¢ causing a larger decrease in ves-
sel diameter and subsequently in blood
flow. Both erythrocyte and leukocyte con-
centrations are elevated in smokers®>%4and
platelets are activated in the blood of long-
term smokers,® which cause hyperviscos-
ity and increased risks of thrombosis.
Elevated levels of plasma fibrinogen in-
crease the clotting potential of the blood.5¢
Carbon monoxide accumulates in the cir-
culation and reduces the oxygen-carrying
capacity of the blood. Atherosclerosis is
more severe and accelerated in smokers
due to raised low-density lipoproteins with
greater risk of vasoocclusive disease,
whereas high-density lipoproteins are de-
creased.5”%8 Moreover, free fatty acids have
been shown to increase following intra-
venous administration of nicotine,®® which
may be one of the promoting factors for
atherosclerosis and hence ocular is-
chaemia, manifested as amaurosis fugax,
retinal infarcts and retinal artery em-
boli.eo7

The role of cigarette smoking in anterior
ischaemic optic neuropathy has been con-
troversial. While Moro et al” and Ghung et
al”z identified smoking to be an important
risk factor, Johnson et al” did not find it to
play an important role. Gonzalez et al*
have reported that cigarette smoking has
been found as an independent risk factor
for giant cell arteritis (GCA) and irreversible
blindness secondary to anterior ischaemic
optic neuropathy occurs in 14.9% of GCA
patients, whereas less severe ischaemic
complications of the eye are seen in 26.1%
of the patients.

Cigarette smoking was found to play a
role in ischaemic oculomotor nerve palsy,s
idiopathic ophthalmoplegia and functional
paresis’® and ischaemic idiopathic retinal
vasculitis, a rare inflammatory disorder
that causes visual loss due to retinal is-
chaemia and cystoid macular oedema.”

The role of smoking in diabetic retinopa-
thy has been controversial. Some studies
have correlated cigarette smoking with the
development and deterioration of diabetic
retinopathy$s while others have not.8¢-9

The balance of evidence suggests that a
possible association between smoking and
diabetic retinopathy could be due to its ef-
fect on the retinal vascular bed as part of
the general circulation.

Glaucoma and field loss

Although the meta-analysis by Bonovas et
al.97 suggested that current smokers are at
increased risk of developing progressive
open angle glaucoma (POAG) (OR:1.37;95%
Cl:1.00-1.87), several population-based9®-
194 and case-control studies©s'°® have found
no association between smoking habits
and glaucoma or intraocular pressure (IOP),
others have detected a causal relation-
ship.°om4 Vasoconstriction of episcleral
veins leading to an inhibition of aqueous
outflow from the trabecular meshwork has
been postulated."sm®

Ocular surface and anterior
segment disease

A common complaint of passive smokers
is eye irritation,"7> sometimes due to dry
eyes.?>33 Altinors et al.”24 found no statisti-
cally significant difference in goblet cell
densities or in Schirmer 1 test values be-
tween smokers (average duration 13.1years,
range 5 to 35 years) and controls
(P> .05), but higher grades of lipid layer
changes were observed in smokers. Brown
deposits in artificial corneas were found to
be correlated to cigarette smoking and
were difficult to remove completely which
caused cosmetic inconvenience for the pa-
tients,”s Smoking during treatment of scle-
ritis and episcleritis was found to delay full
response to therapy by a month or more
due to pharmacodynamic interaction (OR:
5.4; 95% Cl: 1.9-15.5), smoking scleritis pa-
tients with additional ocular complications
and associated systemic diseases react
even slower than non-smoking patients
with similar severe disease and have a
worse general outcome.’2

Optic neuropathy

Tobacco smoking was identified as early as
the 19th century as a cause of bilateral
optic neuropathy. There is still some con-
troversy over whether tobacco-alcohol am-
blyopia (TAA) is caused by tobacco alone or
whether alcohol consumption is a require-
ment for its development.’2¢ Smoking is
known to impair vitamin B12 absorption in
patients with TAA™9 and patients treated
with hydroxycobolamin may recover.s©
There is also evidence that cyanide present
in cigarette smoke is poorly metabolised in
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Figure 3: Worsening of thyroid and diabetic eye
disease are important side-effects of smoking.

patients with TAA because of alcohol-in-
duced hepatic dysfunction and the lack of
vitamin B12 and this may play a role in the
pathogenesis.’®'32 Castogliola et al'
showed that reduced erythrocyte levels of
glutathione can serve as a marker of smok-
ing-induced optic neuropathy.

The role of smoking as a possible
causative factor in the expression of Leber’s
hereditary optic neuropathy (LHON) is still
controversial. While Riordan et al34 and
Tsoa et als confirmed a positive associa-
tion between smoking and LHON expres-
sion, Kerrison et al3® confirmed that
tobacco and alcohol do not appear to pro-
mote vision loss in affected individuals.
Berninger et al” concluded in his literature
review that in many cases the severity of
the disease is related to tobacco smoking
and this hypothesis was supported by in-
creased blood levels of cyanocobalamin
and cyanide in patients with severe dis-
ease.

Granulomatous inflammation
Ocular sarcoidosis may be aggravated by
cigarette smoking because of incomplete
phagocytic clearance of non-biodegrad-
able foreign bodies present within the to-
bacco dust. These particles might become
antigenic to the immunologically suscep-
tible host and evoke an immune re-
sponse.’3®

Passive smoking and children
Maternal smoking during pregnancy has

been found to increase the risk of strabis-
mus. Hakim and Tielsch'9 found this re-
sulted in offspring esotropia but not
exotropia (OR: 1.8; Cl: 1.10-2.80). There was
no evidence of a dose-response relation-
ship, and babies of mothers who have quit
smoking during pregnancy were not at
higher risk than the overall population.The
association of maternal smoking and es-
otropia was strongest for children whose
birth weight was less than 2,500g (OR: 8.2)
or more than 3500g (OR: 5.6). Stone et al4°
found that if one or both parents had ever
smoked, their children had a lower myopia
prevalence (12.4% vs. 25.4%; P=0.004) and
more hyperopic (1.83 =/- 0.24 vs. 0.96 =/-
0.27 dioptres; P=0.02) than those whose
parents never smoked and similar results
were found if either parent smoked during
the mother’s pregnancy. By contrast, no re-
lationship was found between parental
smoking and refractive errors#42 or con-
genital / infantile cataract.3

Ocular tumours

Egan et al*4 did not find smoking to be a
risk factor of metastasis of choroidal and
ciliary body melanomas following proton
beam therapy. Metastasis-free survival
rates three years after irradiation were 86%,
89%, and 9o% for never, past, and current
smokers respectively. Wojnos found that
patients with basal cell carcinoma of the
eyelid were no more likely to be smokers
than controls (OR:1.78, not statistically sig-
nificant at 95% Cl); however, there was in-
creased incidence in smoking women (OR:
2.87, statistically significant at the 95% Cl).

Visual function

It has not been proven whether tobacco
smoking had adverse effects on colour per-
ception, visual acuity or contrast sensitiv-
ity.46

Conclusion

There is strong epidemiological and cellular
evidence that tobacco smoking is a major
cause of eye morbidity and blindness par-
ticularly in age-related macular degenera-
tion, cataract, aggravation of thyroid and
diabetic eye disease as well as tobacco am-
blyopia. Foetal ocular disorders, mainly stra-
bismus, may also be related to smoking,
caused by passive transmission of toxins
through the placenta. Evidence of the di-
rect harmful effect of both primary and
passive smoking is accumulating prompt-
ing a need for increased awareness from

the general public and health care profes-
sionals. EN
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Take Home Message

« Strong evidence of major
hazardous effects of tobacco
smoking on the eye exists but
public awareness is sadly lacking.

« ARMD, cataract, thyroid and

diabetic eye disease and foetal ocu-

lar disorders are the main risks.

Ocular complications strain NHS

resources; hence there is a great

need to increase awareness of the
general public and health care
professionals.

+ Past and present history of tobacco
smoking should not be ignored
whilst managing ocular conditions.
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