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Parental smoking
and childhood
refractive error: the
STARS study

Abstract

Purpose To assess the relationship between
parental smoking and childhood refractive
errors in Singapore Chinese children aged
6-72 months recruited through the
STrabismus, Amblyopia, and Refractive
errors in Singaporean children study.
Methods A total of 4164 children were
recruited, with a positive response rate of
72.3% (n=3009). Cycloplegic refraction
measurements were obtained from all
children by trained eye professionals. Parents
underwent an interviewer-administered
questionnaire with information on
demographics, lifestyle, and parental
smoking history being obtained.

Results Spherical equivalent readings were
obtained for 87.7% of the children. In all,
52.1% were male (1 =1375). The overall
prevalence of myopia (at least — 0.5 D) was
11.0%. Overall, 37.1% of the fathers
interviewed gave a history of smoking.
Among the mothers interviewed, 9.2% gave a
history of smoking, 6.6% had smoked during
the child’s life, and 2.2% had smoked during
the pregnancy. Maternal history of ever
smoking, smoking during child’s life, and
smoking during pregnancy were associated
with decreased odds ratio (OR) of childhood
myopia (OR 0.50 (P =0.01), OR 0.39 (P=0.01),
and OR 0.3 (P=0.14), respectively). Paternal
history of smoking was associated with
decreased OR of childhood myopia (OR of
0.72 (P =0.02)).

Conclusion In light of this finding of an
inverse association between parental smoking
and childhood myopia, further studies are
suggested to better understand the role of
nicotinic acetylcholine receptor pharmacology
in ocular development. This may pave the way
for the development of targeted treatment
strategies for prevention of myopia.
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Introduction

Refractive error is one of the leading causes of
visual impairment worldwide.! It is projected
that one-third of the world’s population will
have myopia by the year 2020.2 This poses
serious public health and economic concerns.

Aetiology and causative factors in the
development of childhood myopia have yet to
be comprehensively ascertained.

Prevalence of myopia varies across different
races, suggesting some genetic basis
underpinning myopia. Prevalence of myopia in
young Chinese children has been noted to be
generally higher—ranging from 5.5 to 38.1%
in children aged 6 months to 15 years of
age>>—compared with that found by studies in
the West where prevalence rates ranged from
0.8 to 11.9% in predominantly young Caucasian
children aged 6 months to 12 years of age.>

Several environmental risk factors have been
implicated in development of myopia including
family history” and near work,! while
breastfeeding has been identified as a possible
protective factor.!! Studies using primate and
chick models have also served to better
elucidate the biological basis of ocular growth
and refractive development. Some of the agents
identified in this process include dopamine,
retinoic acid and acetylcholine.!>13

Two studies to date have shown a possible
inverse relationship between parental
smoking—with resultant passive exposure to
nicotine—and childhood myopia,'*!> but none
have examined this relationship in very young
children. The association between parental
smoking and childhood refractive error
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warrants close attention due to the purported role of
nicotinic receptors in ocular development. This paper
aims to examine the association between parental
smoking and myopia as determined by a population-
based survey of very young Singapore Chinese preschool
children aged between 6 and 72 months.

Methods
Study population

The STrabismus, Amblyopia, and Refractive errors in
Singaporean children (STARS) study is a population-
based study of Chinese children aged 6-72 months
residing in government apartments in the South-western
and Western regions of Singapore. A total of 5648
Chinese children using disproportionate stratified (by
age group) random sampling were recruited. A
household that had no eligible child (aged 6-72 months),
had moved away from the residing address, or was non-
Chinese was considered ‘ineligible’ for recruitment.
Children with chronic medical conditions were also
excluded from the study. Out of 4164 eligible candidates,
the response rate was 72.3% (n=23009).

Ocular assessment

Trained ophthalmic professionals comprising one
ophthalmologist, two optometrists, and one orthoptist
performed eye examinations for all the children. For
refractive assessment, cycloplegia was induced with one
drop of 2.5% phenylephrine and three drops of 1%
cyclopentolate (0.5% for children less than 12 months of
age) given at 5-min intervals.

Children aged 24-72 months underwent autorefraction
using a table-mounted autorefractor Canon RK-F1
(Canon Inc., Tokyo, Japan) while those aged 12-23.9
months underwent autorefraction with a hand-held
Retinomax K-PLUS 2 (Right Medical Inc., Virginia Beach,
VA, USA). The average of five readings was recorded for
each child and the auto-refractors were calibrated daily
before use. Children aged 6-11.9 months and those who
failed autorefraction underwent streak retinoscopy
(Welch Allyn, Chessy, France).

Questionnaire

The children’s parents underwent an interviewer-
administered general questionnaire to obtain information
on parental smoking history and other demographic data.

History of whether either of the parents were current
smokers, ex-smokers, and whether either of them
smoked during pregnancy was obtained. The average
number of cigarettes smoked by both parents and the
point of time during pregnancy in which mother may
have smoked were assessed.
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Questions on family history, pregnancy, general health,
past ocular history of the child, and on outdoor, indoor,
and preschool activities of the child were also asked
during the interview.

Before any testing, a participant information sheet was
given and explained by an optometrist and a written
consent was obtained from all children’s parents. Approval
was obtained from the Ethics Committees of the Singapore
Eye Research Institute and the National Healthcare Group.

Definitions

Spherical equivalent refraction (SER) was defined as
‘sphere plus half cylinder’. The definition of myopia was
SER of at least — 0.5 dioptres (D). The correlation
(Spearman correlation coefficient) between the SER of the
left eye and right eye within this study was 0.95 (P <0.05)
and thus only right eye data were analysed.

Statistical analysis

Statistical analysis was conducted using SPSS version 17
(SPSS Inc., Chicago, IL, USA). The association between
the prevalence of myopia and parental smoking or other
socio-demographic variables was determined using y*
test for categorical variables and f-test for quantitative
data. For the SER of the right eye, Pearson’s correlation
coefficients were computed for quantitative variables.
ANOVA F-test was used in replacement of t-test for any
categorical variables with more than two groups.
Subsequently, we modelled myopia outcome using a
multiple logistic regression model, with adjustment of
gender, age, total family income, parental education
level, child’s height, reading, time spent outdoors, and
parental myopia status. In addition, we modelled the
SER using a multiple linear regression model with
adjustment of the same factors. Statistical significance
was defined as P-value <0.05.

Results
Study population

A total of 3009 children aged 6-72 months (mean age =40.5
months) were examined, of whom 1570 (52.2%) were boys
and 1439 (47.8%) were girls. There was no significant
difference between participants (1 =3009) and non-
participants (1 =1155) for age (P =0.98) and gender

(P =0.67). However, a greater proportion of participants
lived closer to the clinical examination sites (P <0.001).

Myopia prevalence

SER was recorded in 2639 (87.7%) of these children, of
whom 52.1% were boys and 47.9% were girls.3 The mean
SER for all children was 0.69D (SD: 1.15D).
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Overall adjusted prevalence of myopia (at least — 0.50 D)
was 11.0% in children aged 6-72 months. When stratified
by age, myopia prevalence was 15.1% in children aged
6-23.9 months and 10.3% in children aged 24-72 months
(P=0.001). When myopia was defined as SER of at least
—1.00D, the overall prevalence of myopia was 5.2%.

Parental smoking

Out of 2962 fathers questioned, 1100 fathers (37.1%) had a
history of having ever smoked (Figure 1). Of 2968
mothers questioned, 272 mothers (9.2%) had a history of
having ever smoked. Overall, 948 fathers had smoked
during the child’s life, whereas 197 mothers had smoked
during the child’s life. Sixty-four of the mothers (1.9%)
had a history of having ever smoked during pregnancy,
of whom 51% smoked during the first month of
pregnancy only.

Parental smoking and childhood myopia

Multivariate analysis (adjusted for age, gender, total
family income, father’s education, mother’s education,
height, parental myopia, read words or picture books,
and total time spent outdoors) revealed decreased odds
ratio (OR) of 0.50 (95% confidence interval (CI): 0.30-
0.84), P =0.01) of childhood myopia in children with a
positive maternal history of ever smoking (Figure 2,
Table 1). Decreased OR of 0.39 (CI: 0.20-0.76, P =0.01)
was also found in children with positive maternal history
of smoking during the child’s life whereas maternal
smoking during pregnancy showed no significant
relationship (OR 0.39, 95% CI: 0.12-1.34, P=0.14).
Paternal history of smoking was also associated
with decreased OR of childhood myopia (OR 0.72
(CI: 0.54-0.96), P=0.02).

Discussion

This is the first large-scale study undertaken in children
of a very young age group—6-72 months of age—to
reveal such an inverse association between parental
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Figure 1 Percentage of parents who smoked cigarettes.
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Figure 2 Parental smoking and childhood myopia.

Table1 Association of smoking by each parent with Myopia in
children

Mother
Multivariate®

Father
Multivariate®

Parental smoking

OR (95% CI) p OR (95% CI) P

Smoking status

Never 1 1

Current 0.43 (0.22-0.87) 0.02 0.75 (0.55-1.02) 0.07
Past 0.61 (0.29-1.29) 0.20 0.62 (0.36-1.05) 0.07
P (trend) 0.03 0.06

Ever smoked
No 1 1
Yes 0.50 (0.30-0.84) 0.01 0.72 (0.54-0.96) 0.02

Cigarettes smoked per day

<6 1 1

7-12 0.58 (0.16-2.14) 0.41 1.01 (0.56-1.83) 0.97
>13 1.24 (0.23-6.69) 0.80 1.24 (0.67-2.28) 0.50
P (trend) 0.64 0.72

Smoked during child’s life
No 1 1
Yes 0.39 (0.20-0.76) 0.01 0.79 (0.58-1.06) 0.11

Number of years parent smoked during child’s life

<3.0 1 1

>3.0 0.79 (0.04-16.3) 0.88 1.16 (0.48-2.80) 0.75
Mother smoked during pregnancy

No 1 NA

Yes 0.39 (0.12-1.34) 0.14 NA

P-value based on linear trend test.

? Adjusted for age, gender, parenal income, father’s education, mother’s
education, height, parental myopia, read words or picture books, and
total time spent outdoor.

smoking and development of childhood myopia.
Paternal and maternal history of smoking, were both
associated with decreased OR of childhood myopia. This
association between parental smoking and childhood
refractive error warrants close attention due to the
purported role of nicotinic receptors in ocular
development.



Prevalence of childhood myopia of at least —1.00D
was noted to be 5.2%. This was similar to that found in a
recent Taiwanese study that revealed a myopia
prevalence rate of 5.8% in 7-year-olds.!® It was higher,
however, compared with that reported in Australian
school students—less than 2% in children with mean age
of 6.7 years.®

The main finding from our analysis, of the inverse
association between parental smoking and early
childhood myopia, is interesting.

A similar population study undertaken in 1999 and
2001 examining myopia and parental smoking in slightly
older Singapore Chinese children revealed no significant
trends between parental smoking and refractive error.!
It, however, revealed that children of mothers who ever
smoked were more likely on average to have a hyperopic
refractive reading than in children whose mothers did
not smoke. The number of such mothers in the study
population was, however, too low (1 =23) to make any
further definitive conclusions.

Another recent population-based study!® in the United
States examined the link between childhood myopia and
exposure to parental smoking. This study found parental
smoking (either by mother or father) to be associated
with lower myopic prevalence and more hyperopic mean
refractions. Smoking at home, smoking during the child’s
life, and smoking during pregnancy by either parent was
inversely related to the development of childhood
myopia. The mean age in this study population was 8.7
years (SD: 4.4 years) (range: 1-20 years). The population
was predominantly White (563.6%) with the significant
minority being Black (25.4%). A total of 19.5% of the 342
children examined were found to have a myopic
refraction with the myopic refraction being found in
children of an older age group.

Several studies undertaken in chicks and primates have
examined the biological basis of myopia.!>!3 These studies
have shown that visual input may modulate ocular growth
and refractive development. Some of the identified
biological agents involved in the process include
dopamine, glucagon, retinoic acid, and acetylcholine. In
addition, pharmacologic studies have revealed muscarinic
receptors to have a role in refractive development—the
antimyopic role of antimuscarinic agents such as atropine
has already been noted'”'8—and atropine is being used in
clinical practice in halting progression of myopia.
However, the exact site and mechanism of action of
atropine has yet to be clearly elucidated.

The purported role of nicotinic receptors has also yet to
be discerned. There is minimal published data regarding
the association between smoking or nicotinic receptor
pharmacology and ocular development. To date,
literature search revealed only one study that was
undertaken in chicks, which found nicotinic antagonists
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to inhibit experimental myopia.'” Nicotine is an active
constituent of cigarette smoke. As nicotinic acetylcholine
receptors have a complicated pharmacology, nicotine can
elicit a wide range of complex and sometimes conflicting
biological effects in vivo based on temporal exposure
patterns, genetics, specific neural pathways, and other
parameters.'> Frequently, nicotine exposure induces a
paradoxical upregulation of nicotinic receptors along
with rapid receptor desensitization, sometimes causing
agonists to behave as time-averaged antagonists in many
biological systems.!> This might explain the result of
reduced myopia rates found in children with exposure to
parental smoking.

Although this was the first large-scale study to
specifically assess refractive error and its possible relation
to smoking in children of such a young age group, there
are several limitations in the study that must be taken into
account. First, cigarette smoke has many components
besides nicotine, the passive exposure to which may
confound the effects of nicotine per se on ocular and
refractive development in young children. Second, this
study was only undertaken in Chinese children and
hence may not necessarily be extrapolated to ocular or
refractive development in other races. Third, while less
than a fifth of the children underwent refractive error
assessment using the hand-held Retinomax—Retinomax
has been known to give slightly more negative refractive
readings—this might have confounded refractive error
measurements used for analysis. Overall however, this
study adds to the increasing body of evidence that
nicotinic receptors may be involved in ocular growth and
refractive development.

In light of this finding of such an inverse association
between smoking and development of myopia, further
studies are suggested to better understand the role of
nicotinic acetylcholine receptor pharmacology in ocular
development and myopia. This may pave the way for the
development of targeted treatment strategies for
prevention of myopia.

Summary

What was known before
® There is a possible link between parental smoking and
childhood refractive error.
® Nicotinic receptors may have a role in ocular
development and refractive error.

What this study adds
@ This is the first large-scale study revealing an inverse
relationship between parental (both maternal and
paternal) smoking and incidence of myopia in very
young children.
® Data on parental smoking prevalence were also obtained
for the Singapore Chinese populace.
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