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ABSTRACT

PURPOSE: To investigate a correlation between cigarette 
smoking and keratoconus.

METHODS: Patients with keratoconus who were treated 
with corneal collagen cross-linking from June 2006 to 
November 2007 were asked about their smoking hab-
its. A person smoking a minimum of two cigarettes per 
day for more than 1 year was classifi ed as a smoker.

RESULTS: A total of 180 patients with keratoconus 
(mean age 28�9 years [range: 15 to 41 years]) were 
asked about their smoking habits. One hundred seven-
ty-one (95%) were non-smokers and only 9 (5%) were 
smokers (95% confi dence interval, 2.31 to 9.28). Using 
the chi-square test, a signifi cant correlation was found 
between non-smokers and keratoconus (P�.001). 

CONCLUSIONS: In this group of patients with keratoco-
nus, few were smokers. Cigarette smoke contains toxic 
substances. Consequently, people are advised not to 
smoke. However, we speculate that the by-products of 
cigarette smoke may lead to cross-linking of collagen, 
which in the cornea, may prevent the development and 
progression of keratoconus. [J Refract Surg. 2008;24:
xxx-xxx.]

O ne of the main symptoms of keratoconus is the 
change in corneal shape due to its reduced stiff-
ness, which leads to impaired visual acuity. The 

reduction of cross-links between the collagen fi bers may 
cause these biomechanical alterations. An artifi cial increase 
of cross-links by ribofl avin and ultraviolet A (UVA) is a 
promising approach for the treatment of keratoconus. Previ-
ous studies have shown that cross-links may also be induced 
non-enzymatically by chemical cross-linkers such as formal-
dehyde or sugar aldehydes.1 Thus, diabetes has a protective 
effect on the development or progression of keratoconus.2,3 
For the stiffening of collagen and formation of cross-links, 
free oxygen radicals are a prerequisite. A stiffening effect in 
the skin and blood vessels was observed among patients who 
smoked.4,5 However, does smoking also infl uence the corneal 
biomechanics?

The aim of the present study was to investigate whether 
any correlation exists between cigarette smoking and the de-
velopment or progression of keratoconus. 

PATIENTS AND METHODS
In our clinical study concerning the cross-linking treatment 

of keratoconus with ribofl avin/UVA,6 patients were asked 
about their smoking habits. These patients came from all over 
Germany for the cross-linking treatment, as it was only per-
formed in Dresden at that time. From June 2006 to November 
2007, 180 patients with keratoconus who were treated with 
ribofl avin/UVA cross-linking in our department were ques-
tioned. Those who smoked at least 2 cigarettes daily for more 
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than 1 year were classifi ed as smokers. The numbers 
of smokers and non-smokers were compared with cor-
responding statistical values of the German population 
from the “Statistisches Bundesamt” (Offi ce of National 
Statistics of Germany) and German literature.

RESULTS
Among the 180 patients with keratoconus, 171 

(95%) were non-smokers and only 9 (5%) were smok-
ers (95% confi dence interval, 2.3 to 9.3). Mean patient 
age was 28�9 years (range: 15 to 41 years). 

As a comparison, we looked at the number of smok-
ers in the German population aged between 15 and 30 
years (Table). Approximately 30% to 35% are smok-
ers.7 Females smoke slightly less. There were no re-
gional differences in smokers in Germany. The number 
of smokers found in the literature is even higher. Ap-
proximately 47% of young men aged between 17 and 
30 years in Greece are smokers8; this fi gure in Swit-
zerland is 35%.9 A population-based survey of 43,863 
participants aged between 20 and 34 years in Argen-
tina shows that approximately 34% of the population 
smokes.10 The number of smokers in other countries at 
this age is approximately 30% (Fig). There is a signifi -
cant correlation between non-smokers and keratoco-
nus (chi-square test, P�.001). Apparently, the number 
of smokers is reduced in the keratoconus group com-
pared to the number of smokers in the population in 
several countries.

DISCUSSION
It is well known that cigarette smoking is noxious 

due to the toxic substances contained in the smoke. Lu 
et al11 found over 3000 organic compounds, including 
60 known carcinogens. Cigarette smoking is responsi-
ble for more than 85% of lung cancers and is also asso-
ciated with cancers of the mouth, pharynx, larynx, and 
esophagus. However, some of these substances may 
have an infl uence on the collagen stability via non-
enzymatic cross-linking.

In this study, we found that the number of smok-

ers in the keratoconus group is lower compared to the 
corresponding statistical value. The average German 
population aged 15 to 30 years shows that at least 30% 
are smokers. In our keratoconus group, only 5% were 
smokers. This difference can not be explained by the 
fact that patients with keratoconus are aware of the dis-
ease and try to maintain a healthy lifestyle (eg, with-
out smoking). The disease is mostly found accidentally 
during routine examination. A weakness of the study 
is the lack of a population control.

There are four possible explanations for the lower rate 
of smokers in the group of patients with keratoconus.
● Cigarette smoke contains low molecular weight car-

bonyl compounds such as formaldehyde, acetalde-
hyde, glyoxal, methylglyoxal, and malonaldehyde.12 
Baker13 showed that formaldehyde is a main toxic 
product in cigarette smoke. These compounds act 
as chemical cross-linkers in the skin but also in the 
cornea.1 Madhukumar et al14 found that when the skin 
of rats is exposed to cigarette smoke it shows a higher 
degree of cross-links and a higher resistance to colla-
genase. Krishnaiah et al15 found that tobacco smoking 
was strongly associated with a higher prevalence of 
nuclear cataract. The major damaging mechanism 
seems to be oxidative stress caused by reactive oxy-
gen species.

● Smoking increases the content of advanced glyca-
tion end products, which act similar to the sugar 
aldehydes in the formation of advanced glycation 
end products in diabetes.2,3 Advanced glycation 
end products are reactive, cross-linking products re-
sulting from the reaction of reducing sugar and the 
amino group of proteins.16 Advanced glycation end 
products have been shown to cross-link connective 
tissue collagen, which serves to increase connective 
tissue rigidity.17 Glycotoxins are far more potent 
than glucose. Tobacco products may be a source of 
reactive glycation products capable of promoting 
advanced glycation end products formation. Ciga-

TABLE

Percentage of Smokers and Non-
smokers in Average German Population 

and Patients With Keratoconus
Average 

Population
Keratoconus 

Group

Smokers 30 5

Non-smokers 70 95

Figure. Number of smokers in the keratoconus group compared with the 
number of smokers in several countries.
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rette smoke is an exogenous source of reactive gly-
cation products.18,19

● During tobacco smoking, nitrogen oxides and nitrite 
are released at a high level, which also may produce 
cross-links and modify collagen proteins.20,21

● If estrogen plays a role in the development of kera-
toconus,22,23 smoking can reduce the level of estro-
gen.24 Cigarette smoking increases hydroxylation of 
estradiol, as well as inhibition of the enzyme aro-
matase,25,26 which converts androgens to estrogens, 
creating a relative hypo-estrogenic state. Epidemi-
ological results indicate that women who smoke 
cigarettes are relatively estrogen-defi cient.27 Female 
smokers have an early natural menopause and a 
lower risk of cancer of the endometrium. Smoking 
appears to alter the metabolism of estradiol, lead-
ing to enhanced formation of the inactive catechol 
estrogen.28 Smoking infl uences estrogen metabolism 
and appears to attenuate the effect of estrogen. 

Other investigations have shown that smoking has 
an infl uence on tissue metabolism and biomechanics. 
Smoking leads to a protein modifi cation in the human 
lens and accelerates cataract development.15,29 Recent-
ly, another link was found between smoking and myo-
pia.30 If one or both parents smoke, their children were 
found to have a lower myopia prevalence and a more 
hyperopic mean refraction than those children whose 
parents never smoked.30 All of these facts indicate that 
smoking infl uences biochemical processes31 and may 
change the biomechanics of the cornea. We speculate 
that smoking may inhibit or suppress the triggering 
factors of keratoconus and lead to a decreased rate or 
severity of keratoconus. Further studies are needed to 
investigate the biochemical mechanism.

Many health risks of tobacco smoking prohibit the 
recommendation of exposure to cigarette smoke in pa-
tients with keratoconus. This relationship between cig-
arette smoking and keratoconus should not be a treat-
ment proposal or suggestion because of irreversible side 
effects and extensive organ damage. However, this rela-
tionship may contribute to an explanation of the patho-
physiological reasons for keratoconus development. 
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