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Abstract
Background/objectives Retinopathy of prematurity (ROP) is a severe neonatal complication potentially leading to visual
impairment and blindness. Known risk factors include preterm birth, low birth weight and respiratory support. Limited and
contradictory data exist on the risk of maternal smoking during pregnancy on the development of ROP. This study aims to
investigate smoking as an independent risk factor for the development of severe ROP (≥stage 3).
Subjects/methods This is a single centre retrospective case-control study of prospectively collected clinical data of infants
born before 32 weeks of gestation between 2001 and 2012 at a tertiary care university hospital. The association between
maternal smoking during pregnancy and the development of severe ROP was analyzed by multivariate logistic regression.
Results In total, n= 751 infants born < 32 weeks of gestation were included in this study. In total, 52.9% (n= 397) were
diagnosed with ROP and 10.8% (n= 81) developed ROP ≥ stage 3. In total, 8.4% (n= 63) mothers presented with a history
of smoking during pregnancy, which was associated to a higher rate of ROP (OR 2.59, 95% CI 1.10–6.12). Low gestational
age, low birth weight and prolonged respiratory support were confirmed as independent risk factors for the development of
severe ROP.
Conclusions To date, this is the largest study evaluating the effect of maternal smoking on the development of ROP.
Maternal smoking during pregnancy is identified as an independent risk factor for the development of severe ROP in preterm
infants born < 32 weeks of gestation.

Introduction

Preterm birth is the leading determinant of neonatal mor-
bidity and mortality and affects about 11% of births
worldwide corresponding to 15 million babies each year
[1, 2]. Despite a global decline in neonatal mortality (from
93 deaths per 1000 live births in 1990 to 41 deaths per
1000 live births in 2016), preterm birth is still responsible
for 16% of all deaths of children under the age of 5 years

[1]. Further, very preterm and extremely preterm birth in
particular are highly associated not only with short term
(e.g., respiratory distress syndrome, necrotizing enter-
ocolitis, intraventricular haemorrhage and sepsis) but
especially long-term infant morbidities such as cognitive
developmental delays, hearing and visual impairment [2].

Retinopathy of prematurity (ROP) is one of these severe
neonatal complications with dramatic long-term health
consequences and a risk of visual impairment and blindness
[3, 4]. With advancing neonatal care the number of infants
surviving prematurity increases and with this the absolute
number of neonates at risk for ROP [5]. In 2010 alone,
about 20,000 of preterm infants became blind or severely
visually impaired as a consequence of ROP [6]. Established
risk factors for the development of ROP include preterm
birth and low birth weight [5, 7]. Further, the use of sup-
plemental oxygen, oxygen concentration, duration and
prolonged mechanical ventilation were associated with
severe ROP [5]. Potential risk factors with conflicting
results in clinical trials include maternal age [8–10], mode
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of delivery [11–14], gender [7, 12], multiple pregnancies
[5, 7] and Apgar Score [5, 12]. In addition, there is no
consensus, whether maternal smoking during pregnancy
leads to higher rates of severe ROP [5, 15–17]. Exposure to
tobacco smoke during pregnancy has been associated with
stillbirth, preterm birth and adverse perinatal outcome such
as low birth weight, placenta abruption, congenital
anomalies, bronchopulmonary dysplasia and severe intra-
ventricular haemorrhage [18–22]. The pathogenesis of ROP
is characterized by two successive steps: Initial high oxygen
supply suppresses VEGF synthesis and blocks retinal vas-
cularization [23]. During phase two, the impaired vascu-
larization is compensated by excessive VEGF synthesis
which results in uncontrolled neovascularization of phy-
siologically avascular areas of the retina [24]. In vitro stu-
dies indicate an upregulation of vascular endothelial growth
factor (VEGF) by nicotine, which might promote endothe-
lial cellular proliferation und contribute to neovasculariza-
tion, as seen in ROP [25, 26].

The aim of the current study was to investigate maternal
smoking during pregnancy as an independent risk factor for
the development of severe ROP in infants born < 32 weeks
of gestation.

Material and methods

Study design

All infants born before 32 weeks of gestation (≤31+ 6/7)
between 2001 and 2012 at Heidelberg University Hospital
were assessed for eligibility in this retrospective case-
control study of prospectively collected clinical data.
Smoking during pregnancy was recorded at admission to
the Department of Obstetrics. Maternal age, number of
pregnancies (gravida) and deliveries (para), maternal body
mass index (BMI) before pregnancy, antenatal treatment
with glucocorticoids, smoking during pregnancy and the
average number of cigarettes per day, multiple gestation,
mode of delivery, gestational age, birth weight, gender,
APGAR score (5 min) and respiratory support (mechanical
ventilation and continuous airway pressure, CPAP, in
hours) were assessed as potential risk factors for the
development of ROP.

ROP screening

ROP screening was performed by successive dilated eye
exams until the retina was fully vascularized and classified
per the 2005 International Classification of Retinopathy of
Prematurity [27]. ROP stages in this study are defined as the
maximal stage in either eye and retinal zone. ROP stage 3
and greater was considered severe.

Statistics

SAS Version 9.4 was used for statistical analysis. Findings
were reported using the mean and standard deviation for
continuous data and absolute and relative frequencies for
categorical variables. Student’s t test and Chi-square test
were applied for univariate analysis depending on under-
lying distribution. Multivariate regression analysis was
performed by multivariate binary logistic regression. For
multivariate analyses, maximum likelihood estimates, odd
ratios and Wald confidence intervals are presented. A
p value < 0.05 was considered statistically significant.
Individual tests are mentioned in the corresponding table
legends.

Results

A total of n= 751 neonates < 32 weeks of gestation were
included in this study (Table 1). In total, 397 infants
developed ROP of which n= 81 developed severe ROP
(≥stage 3) (Table 2). In total, n= 63 (8.3%) mothers indi-
cated at admission to the Department of Obstetrics that
they had been smoking during pregnancy, with a median of

Table 1 Characteristics of patients with severe ROP (≥stage 3)
compared with patients without severe ROP.

Variable Severe
ROP
(n= 81)

No severe
ROP
(n= 670)

p value

Maternal age, in yearsa 30.6 ± 5.8 31.4 ± 5.9 0.263

Gravidab 2 (1; 8) 2 (1; 9) 0.506

Parab 1 (1; 5) 1 (1; 5) 0.622

BMI before pregnancy, in
kg/m2a

25.1 ± 6.0 24.5 ± 6.0 0.406

Antenatal
glucocorticosteroids, n (%)

73 (90) 630 (94) 0.175

Smoking during pregnancy,
n (%)

14 (17) 49 (7) 0.023

Multiple gestation, n (%) 23 (28) 188 (28) 0.949

Caesarean section, n (%) 62 (75) 637 (95) <0.0001

Gestational age, in weeks+
daysa

25+ 1 ± 1
+ 5

28+ 2 ± 2
+ 1

<0.0001

Birth weight, gramsa 676 ± 228 1080 ± 353 <0.0001

Male gender, n (%) 45 (56) 345 (51) 0.489

Apgar score at 5 mina 7.04 ± 1.13 7.47 ± 1.11 <0.0011

Total respiratory support, in
hoursa

1358 ±
1230

352 ± 500 <0.0001

Statistically significant values are in bold p < 0.05.
aMean ± SD, standard deviation.
bMedian (min; max); ROP, retinopathy of prematurity; FiO2 max,
maximal fraction of inspired oxygen. Statistical analysis by Student’s t
test or Chi-square test whenever applicable.
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10 cigarettes per day. Amongst established risk factors,
univariate analysis revealed a significantly higher percen-
tage of smoking mothers (17%) of infants who developed
severe ROP compared with smoking mothers of infants who
did not develop severe ROP (7%) (Table 1). Frequency
distribution of ROP stages differed between infants who
were or were not exposed to cigarette smoke during preg-
nancy (Table 2, p= 0.0115). More specifically, 22% of
infants born to smoking mothers developed ROP ≥ stage 3,
compared with only 10% in mothers who did not smoke
(Table 2). Within the subgroup of smoking mothers, we
found no difference in the number of cigarettes smoked
between infants with severe ROP (cigarettes per day,
median 10; min 1/max 30) and infants without severe ROP
(median 10; min 1/max: 38) (p= 0.9326).

Multivariate analysis revealed smoking during preg-
nancy to be an independent risk factor for the development
of severe ROP (Table 3, OR 2.591, 95% CI 1.097–6.122).
Furthermore, known risk factors for the development of
ROP like low birth weight (per additional kg: OR 0.079,
95% CI 0.013–0.486), low gestational age (per additional
day: OR 0.961, 95% CI 0.931–0.991) and prolonged
respiratory support (per additional hour: OR 1.001, 95% CI
1.000–1.001) were confirmed by multivariate analysis
(Table 3).

Discussion

Maternal smoking during pregnancy is a risk factor for
preterm birth and a determinant of adverse neonatal out-
come [18, 28]. Very preterm infants are at high risk to
develop severe ROP (>stage 3), which may lead to visual
impairment and blindness [5]. The current study therefore
focusses on this high-risk population. Maternal smoking
during pregnancy has been associated to the development of
ROP [5, 15, 17], however small study populations have
yielded conflicting results. A recent review by Kim et al. on
risk factors for ROP highlighted the need to conduct further
studies that help clarify these uncertainties [5]. We now

report maternal smoking during pregnancy to be an inde-
pendent risk factor for the development of severe ROP.

The prevalence of maternal smoking during pregnancy
depends on the social, cultural and ethnical background [29].
In our study population, the prevalence of smoking was
8.4%, which is lower than estimations for high-income
countries (10–20%) and within the range of low- and middle-
income countries (0–15%) [22, 30]. The lower-than-expected
fraction of smokers in our study is most likely partially due to
under-reporting, as this has been described for studies relying
on self-reporting of maternal smoking [31].

There is no known single mechanism by which smoking
may promote ROP development. Maternal smoking can
cause nicotine-induced vasoconstriction, carbon monoxide-
induced foetal hypoxia, cadmium disruption of calcium
signalling, altered steroid hormone production, disruption of
prostaglandin synthesis and changed responses to oxytocin,
as described by Ion and Bernal [21]. Through these
mechanisms, uterine blood flow may be impaired leading to
intrauterine growth restriction of the foetus and preterm
birth [21, 29]. In addition, smoking is associated with a
higher risk of preterm rupture of the membrane, incompe-
tent cervix and chorioamnionitis [20], which in turn has
been suggested to increase the risk of developing ROP
[32, 33]. Animal models indicate a dose-dependent effect of
gestational nicotine exposure on histopathological para-
meters of the developing retina [34]. However, our study

Table 2 ROP stage distribution in infants born to mothers with
smoking during pregnancy or without.

ROP stage Smoking (n= 63) No smoking (n= 688) p value

None, n (%) 25 (40) 329 (48) 0.0115

1, n (%) 9 (14) 151 (22)

2, n (%) 15 (24) 141 (20)

≥3, n (%) 14 (22) 67 (10)

Statistically significant values are in bold p < 0.05.

ROP retinopathy of prematurity.

Data presented as number and percentage of total. Statistical analysis
by Chi-square test.

Table 3 Multivariate analysis by binary logistic regression.

Variable Estimate OR Wald 95% CI p value

Maternal age (year) −0.0171 0.983 0.935–1.033 0.5005

Gravida −0.0802 0.923 0.690–1.235 0.5901

Para 0.2120 1.236 0.812–1.882 0.3229

BMI before pregnancy
(per 1 kg/m2)

−0.00346 0.997 0.951–1.045 0.8853

Antenatal
glucocorticosteroids

−0.2721 0.580 0.214–1.575 0.2853

Smoking during
pregnancy

0.4760 2.591 1.097–6.122 0.0300

Multiple gestation −0.1357 0.856 0.168–4.355 0.6690

Caesarean section −0.1411 0.868 0.629–1.199 0.3918

Gestational age
(per day)

−0.0400 0.961 0.931–0.991 0.0127

Birth weight (per kg) −2.5341 0.079 0.013–0.486 0.0061

Apgar score at 5 min
(per 1)

−0.0517 0.950 0.707 – 1.276 0.7317

Male gender 0.2074 1.514 0.839–2.733 0.1686

Total respiratory
support (per hour)

0.0008 1.001 1.000–1.001 0.0017

Statistically significant values are in bold p < 0.05.

FiO2 max, maximal fraction of inspired oxygen. Data are presented as
maximum likelihood estimates, odd ratios (OR) and Wald 95%
confidence intervals (CI).
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found no dose effect relationship for the number of cigar-
ettes per day and the development of ROP. It should be
noted that no data was available as to when during preg-
nancy mothers were smoking or whether they were still
smoking after delivery, which might also factor into the
development of ROP.

Contrary to our findings, Hirabayashi et al. propose
inhibitory effects of maternal smoking on the development
of severe ROP based on a study population of 86 very
preterm infants [15]. At such low sample sizes (out of 27
infants that developed severe ROP, only one single woman
smoked) conclusions need to be drawn with caution, as
highlighted by Ram and McDonald for this particular study
[35]. Further, as most studies on risk factors for ROP rely
on retrospective clinical data, methodological differences in
diagnosing ROP stages by ophthalmologists have to be
taken into consideration as confounding factors [5, 36, 37].
There are many additional reasons why results from clinical
studies may differ, including heterogeneity of the study
population regarding ethnicity, differences in baseline
patient characteristics and clinical neonatal care protocols.
For example, a recent study by Yusuf et al. did not find an
association of ROP stage ≥ 3 and cigarette smoking, how-
ever, the study was carried out on more premature infants
(<29 weeks of gestation) and a total of four study groups
were defined (including hypertensive mothers) [16].

In addition to maternal smoking, multivariate analysis
confirmed known risk factors for the development of ROP.
Low gestational age and birth weight are the main deter-
minants of ROP [5, 38], which was also recapitulated in the
current study. Of note, infants which are born small for
gestational age (SGA) have also been shown to be at higher
risk for the development of ROP and it has been suggested
to include SGA as a screening parameter to identify vul-
nerable patients [39]. As SGA is derived from gestational
age and birth weight, this association may also be deducted
from our results. Very preterm neonates require respiratory
support, which has been shown to increase the odds for
ROP development [40, 41]. In line, our study confirmed an
association of the duration of total respiratory support
with the development of ROP. Controversial risk factors
like maternal age, mode of delivery, gender, multiple
pregnancies or low Apgar Score were not corroborated by
our data.

Conclusion

Our study identifies smoking as an independent factor
associated with the development of severe ROP in very
premature infants. This finding underlines the importance to
quit smoking during pregnancy and may provide additional
insights for clinicians who counsel pregnant women.

Summary

What was known before

● Retinopathy of prematurity (ROP) is a severe neonatal
complication leading to visual impairment and
blindness.

● Known risk factors include preterm birth, low birth
weight and respiratory support.

● Contradictory data exist on the risk of maternal smoking
during pregnancy on the development of ROP.

What this study adds

● Maternal smoking is an independent risk factor for the
development of severe ROP in preterm infants born <
32 weeks of gestation.

● Low gestational age, low birth weight and prolonged
respiratory support were confirmed as risk factors for the
development of severe ROP.
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