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Background: Respiratory distress syndrome (RDS) is a risk factor that plays an important role in retinopathy in preterm infants. We
used population data of infants to investigate this relationship. This study evaluated whether respiratory distress syndrome was
associated with an increased incidence of ROP in preterm infants.
Methods: From the National Health Insurance claims data of Taiwan in the 2000–2009 period, preterm infants were identified to
establish a RDS cohort (N = 7573) and a comparison cohort without RDS (N = 11428). We followed each infant for one year to
identify incident retinopathy of prematurity (ROP) for comparison between the two cohorts. The RDS cohort for comparisons of
hazard ratio (HR) with 95% confidence interval (CI) were calculated.
Results: Low birth weight, an extended stay in the neonatal intensive care unit (NICU), female gender, and RDS were factors
associated with an increased incidence of ROP. The ROP incidence was 2.5-fold higher in RDS children than in control (30.3 versus
11.9 per 100 person-years), with an adjusted HR (aHR) of 1.28 (95% CI = 1.18–1.39). The incidence increased as the birth weight
decreased in both cohorts, but the RDS cohort to the comparison cohort aHR decreased as the birth weight decreased, not significant
for groups with birth weights less than 1500g. The aHR for RDS children was the highest for infants with a normal birth weight: 3.33
(95% CI = 2.09–5.31). Among infants with RDS, the ROP incidence increased to 51.0 per 100 person-years in those who underwent
invasive ventilation, or to 76.3 per 100 person-years for NICU stay for ≥30 days.
Conclusion: Preterm infants with RDS are at an elevated risk of developing ROP, not limited to those with low birth weights.
Keywords: retinopathy of prematurity, low birth weight, gestational age, preterm birth, respiratory distress syndrome

Introduction
Retinopathy of prematurity (ROP) is the underdevelopment of the retina that results in disorganized growth of retinal
vessels and tissues in premature infants with low birth weight associated with oxygen therapy.1–5 The underdeveloped
retinas of preterm babies are predisposed to insults that interrupt neurovascular growth, resulting in ROP. The main risk
factors for the development of ROP include prematurity, low birth weight (LBW), and hyperoxia.4–9 Hyperoxia is
characterized by excessive oxygen supply that suppresses the growth factors once the premature infants are placed in the
neonatal intensive care. Consequently, the poorly vascularized yet increasingly metabolically active retina becomes
hypoxic, triggering the growth factor-induced proliferation within blood vessels, thereby increasing the risk of retinal
detachment and blindness.9,10
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Worldwide, approximately 32,000 neonates suffer from blindness or develop severe visual impairment due to ROP
globally.10 The incidence of ROP continues to rise due to the increased survival rate of prematurely born infants as a
result of advancement in neonatal intensive care.6 Premature infants are those born before 37 weeks of gestational age
and low birth weight under 1500 grams. The incidence of ROP is also high in countries reporting high survival rates of
premature infants of gestational age earlier than 30 weeks or less and extremely low birth weight of 1500 grams or
less.6,11,12 For instance, in England, the annual occurrence of ROP was 1.28% in 1990 and 12.55% in 2011 in babies with
a birth weight below 1500 grams.13 In the Netherlands, the occurrence of ROP in neonates with a gestational age of 32
weeks or less and/or birth weight below 1500g was 21.9%14 (Van Sorge et al, 2014). In Iran, from 2006 to 2010, an
incidence of 32% was established.4 In the United States,15 Ludwig et al noted that the occurrence of ROP increased from
14.70% in 2000 to 19.88% in 2012. Similarly, another study conducted in Turkey established an overall occurrence of
type 1 ROP of 35.8%.16 In Taiwan,17 Kang et al found the average occurrence of ROP to be 36.6%. Kang et al noted that
although the incidence of ROP was relatively steady from 2002 to 2011 when the study was conducted, the number of
premature infants at risk of permanent visual impairment was quite high. Besides gestational age and low birth weight,
other risk factors that are associated with ROP include supplemental oxygen, protracted mechanical ventilation, low
Apgar score, pulmonary problems, anemia, intraventricular bleeding, necrotizing enterocolitis, and neonatal sepsis.17–20

Therefore, this study investigates the risk factors of retinopathy in preterm infants/prematurity using population data from
Taiwan.

The incidence of ROP is particularly high for infants with gestation age of 30 weeks or less, or with extremely low
birth weight of 1500 grams or less.6,11–13 The incidence may range from near 20% to 37% among populations of extreme
low birth weights.14–17 In addition to supplemental oxygen, the development of ROP has been associated with protracted
mechanical ventilation, low Apgar score, pulmonary diseases, anemia, intraventricular bleeding, necrotizing enterocolitis,
and neonatal sepsis.17–21 Limited studies have reported an elevated risk of ROP for children with respiratory distress
syndrome (RDS).6,22–24 The condition of RDS is a critical disorder affecting newborns, resulting from surfactant
deficiency that disrupts gas exchange.25,26 RDS robs preterm infants of their first breath, and is associated with high
rates of infant deaths. It is not only a threat to life, but also a risk factor for the development of complications in
premature babies. Children with RDS may need extra oxygen or breathing ventilator to support their breathing.27,28

However, both RDS and protracted mechanical ventilation are risk factors for ROP.2,6,22–33 Normally, the eye may have
oxygen saturation levels as high as 30–40 mm Hg or lower, subject to the dilution factors.2 When a preterm infant with
RDS is resuscitated with high oxygen concentrations, the arterial oxygen saturation is elevated, and levels of 80 mm Hg
or higher are linked to the damage of newly developed retinal capillaries.2 Moreover, once the supplemental oxygen is
removed, the avascular retina of preterm infants becomes hypoxic, thereby stimulating the overexpression of angiogenic
factors that are responsible for vasoproliferation observed in ROP.2,29

The objective of this study was to use population-based insurance claims data of Taiwan to compare the risk of
developing ROP between preterm infants with and without RDS. This study evaluated that respiratory distress syndrome
was associated with an increased incidence of ROP in preterm infants.

Materials and Methods
Data Source and Study Design
We used the longitudinal health insurance database of infants for this study, with medical claims from 1996 to 2011 for
children randomly selected from all beneficiaries. The claims data included demographic status of insured individual,
disease diagnosis, treatments, medications and costs of each care. Diseases were coded with the International
Classification of Disease, 9th Revision, Clinical Modification (ICD-9-CM). All identification numbers were replaced
with surrogate numbers for insured people to protect the privacy. This study was approved by the Research Ethics
Committee of China Medical University and Hospital (CMUH104-REC2-115). The research process adhered to the
principles in the Declaration of Helsinki in this study. Written informed consent from the infants was not required by the
administrator of the National Health Insurance database.
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Inclusion and Exclusion Criteria
This study employed the insurance claims data consisting of medical records from 1996 to 2011 for half of all children of
Taiwan. We identify preterm infants with gestational age below 37 weeks for the period from 2000 to 2009.We identified
infants eligible for this study after excluding infants with missing data on sex, urbanization level of residential area,
parental job, birth weight and length of stay at hospital for care (Figure 1). We stratified these infants into two cohorts
based on the RDS status (ICD-9-CM 769): the RDS cohort and the non-RDS cohort (comparisons). Each infant was
followed up for one year to assess the incident ROP (Figure 2).

Outcome, Mechanical Ventilation Used, and RDS
Follow-ups were conducted on all infants in both the RDS cohort and the non-RDS cohort from the date of birth until the
date of ROP development, the date of withdrew from the insurance coverage, or completion of the one-year follow-up,
whichever came first. The severity of ROP was classified based on no treatment (mild), laser therapy/cryotherapy
(moderate), and scleral buckling /vitrectomy treatment (severe). Mechanical ventilation used and RDS were defined
during the hospitalization at birth.

Statistical Analysis
Statistical analyses of the data were performed using SAS statistical package (version 9.4; SAS Institute Inc., Cary, NC,
USA). We first compared the demographic status and birth weight of infants between the RDS cohort and the non-RDS

2000-2009 preterm infants
N = 25439

Preterm infants with respiratory 
distress syndrome
N = 7573 (39.9%)

Preterm infants without 
respiratory distress syndrome

N = 11428 (60.1%)

Preterm infants with ROP
N = 1666 (22.0%)

Preterm infants with ROP
N = 1151 (10.1%)

Excision: 
149 children with missing 
information of gender, urbanization, 
or parental occupations
3837 children without information 
for birth weight grams
2452 children without information 
for length of stay

N = 19001

Figure 1 Flow chart diagram showing numbers of the enrolment.
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cohort. The demographic variable included gender of babies, year of birth, urbanization level of resident and parental job
type. Based on number of people living in a square kilometer, we classified urbanization level of residential areas into 4
levels; level 1 indicated the most urbanized area and level 4 the least. The urbanization level of residential area
corresponded to the level of income, as parents from level 1 had the highest income. The categorical variables were
presented with counts and percentages. Chi-square test was conducted to compare the difference in categorical variables
between cohorts with and without RDS. We used Kaplan–Meier method to calculate and plot the cumulative incidence of
ROP for both cohorts, with the difference examined by Log rank test. The incidence of ROP was calculated by dividing
the sum of ROP development by the sum of follow-up person-years, presented by 100 person-years. The RDS cohort to
the non-RDS cohort hazard ratio (HR) and 95% confidence intervals (CI) were assessed using Cox proportional hazards
regression analysis. The multivariable Cox model was used to estimate adjusted hazard ratio (AHR), control for sex, birth
year, urbanization, parental occupations, and birth weight. To avoid the destruction of the avascular retina, infants with
ROP developed may receive the treatment of peripheral retinal ablation. Data analysis also compared the ROP severity
between the 2 groups based on the type of treatment received: laser therapy or cryotherapy for moderate cases and scleral
buckling or vitrectomy for severe cases. A P-value of 0.05 was used as the threshold for statistical significance.

Results
In this study, 25,439 premature live births were recorded from 2000 to 2009 in the National Health Insurance claims
database of children (Figure 1). After excluding 6438 preterm births with incomplete data records, 7573 infants were

Figure 2 Kaplan–Meier cumulative incidence of ROP in preterm births compared between cohorts with and without respiratory distress syndrome.
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included in the RDS cohort and 11,428 in the comparison cohort, with 1666 (22.0%) and 1151 (10.1%) children
developed ROP, respectively, in 1-year follow-up. Table 1 shows the baseline characteristics of the preterm birth cohort
with and without respiratory distress syndrome. The cohort with RDS comprised 7573 infants of which 56.9 were boys.
There were more infants in the cohort without RDS, 11,428, of which 54.1% were boys. Therefore, there were more boys
than girls born prematurely who developed ROP. The number of premature births decreased annually from the year 2000.
The births in the RDS cohort in 2000–2001 were 2515 while by the year 2008–2009 only 878 births were recorded. A
similar trend is seen in the cohort without RDS where births in 2000–2001 were 4633 while by the year 2008–2009 only
745 births were recorded. The ROP incidence was higher in preterm infants born to urban or white-collar parents.

Table 2 indicates the incidence and hazard ratio of ROP in preterm births compared between cohorts with and without
respiratory distress syndrome. Data from this table also indicated that boys were at a higher risk of developing ROP than
girls. More male infants compared to female infants (n = 1510 vs n = 1307) had ROP. This trend was consistent in both
cohorts, whereby there were 908 males with ROP and 758 females with ROP in the RDS cohort, while 602 males with
ROP and 549 females with ROP in the comparison cohort. The risk of ROP increased as the birth weight decreased, or as
the gestational age decreased. The adjusted hazard ratio (aHR) of ROP was 3.33 (95% CI = 2.09–5.31) for infants with

Table 1 Baseline Characteristics of the Preterm Birth Cohort with and without Respiratory Distress
Syndrome

RDS (N=7573) Comparison (N=11428) P-value

Variable No. (%) No. (%)

Sex 0.0001
Girl 3262 (43.1) 5249 (45.9)

Boy 4311 (56.9) 6179 (54.1)

Birth year 0.0009
2000–2001 2515 (33.2) 4633 (40.5)

2002–2003 2084 (27.5) 3930 (34.4)
2004–2005 1149 (15.2) 1266 (11.1)

2006–2007 947 (12.5) 854 (7.47)

2008–2009 878 (11.6) 745 (6.52)
Urbanization <0.0001

1 2012 (26.7) 3578 (31.3)

2 2347 (31.0) 3480 (30.5)
3 1451 (19.2) 2113 (18.5)

4 1754 (23.2) 2257 (19.8)

Parental occupations <0.0001
White collar 3667 (48.4) 6289 (55.0)

Blue collar 1361 (18.0) 2045 (17.9)

Others 2545 (33.6) 3094 (27.1)
Birth weight grams <0.0001

≧2500 693 (9.15) 2382 (20.8)

2000–2499 1460 (19.3) 4161 (36.4)
1750–1999 1152 (15.2) 2087 (18.3)

1500–1749 1214 (16.0) 1312 (11.5)

1250–1499 1179 (15.6) 826 (7.23)
1000–1249 972 (12.8) 402 (3.52)

<1000 903 (11.9) 258 (2.26)

Comorbidity
Congenital heart disease 1357 (17.9) 1976 (1537) <0.00001

Bronchopulmonary dysplasia 531 (7.01) 155 (1.36) <0.00001

Necrotizing enterocolitis in newborn 282 (3.72) 213 (1.86) <0.0001

Chi-square test
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Table 2 Incidence of Retinopathy of Prematurity and Respiratory Distress Syndrome Cohort to Comparison Cohort Hazard Ratio

Comparison Cohort RDS Cohort Hazard Ratio (95% Confidence Interval)

Demographic Factors Event PYs Rate Event PYs Rate Crude p Adjusted p

Overall 1151 9695 11.9 1666 5507 30.3 2.35 (2.18–2.54) <0.0001 1.28 (1.18–1.39) <0.0001

Sex
Female 549 4420 12.4 758 2328 32.6 2.39 (2.15–2.67) <0.0001 1.30 (1.16–1.47) <0.0001

Male 602 5275 11.4 908 3179 28.6 2.33 (2.10–2.58) <0.0001 1.26 (1.13–1.41) <0.0001

Birth weight grams
≧2500 38 2297 1.65 35 637 5.50 3.27 (2.07–5.18) <0.0001 3.33 (2.09–5.31) <0.0001

2000–2499 179 3831 4.67 116 1265 9.17 1.89 (1.50–2.39) <0.0001 1.90 (1.50–2.41) <0.0001

1750–1999 255 1695 15.0 186 893 20.8 1.34 (1.11–1.61) 0.003 1.35 (1.11–1.63) 0.002
1500–1749 225 970 23.2 278 859 32.4 1.36 (1.14–1.62) 0.001 1.40 (1.17–1.67) 0.0002

1250–1499 213 547 38.9 329 796 41.3 1.04 (0.87–1.23) 0.672 1.06 (0.89–1.26) 0.533
1000–1249 125 241 51.8 327 619 52.9 1.03 (0.84–1.27) 0.781 0.99 (0.80–1.22) 0.905

<1000 116 114 101.9 395 439 90.0 0.92 (0.75–1.13) 0.444 0.91 (0.74–1.12) 0.380

Notes: Event, number of ROP; Rate, incidence rate, per 100 person-years; Adjusted hazard ratio, adjusted for sex, birth year, urbanization, parental occupations, birth weight, and comorbidity.
Abbreviations: RDS, respiratory distress syndrome; PYs, person-years.
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more than 2500 g birth weight. The highest incidence of ROP was recorded in infants with 1750–1999 g birth weight.
The adjusted hazard ratio (aHR) of ROP for this group was 1.35 (95% CI = 1.11–1.63).

Table 3 shows the incidence and hazard ratio of retinopathy of prematurity associated with the use of mechanical
ventilation for infants with respiratory distress syndrome. The incidence of ROP increased with the use of mechanical
ventilation. A total of 1505 ROP incidences were recorded for infants using mechanical ventilation compared to 161
ROP incidences for infants not using mechanical ventilation. There were more ROP incidences for invasive mechanical
ventilation 74.7% compared to 25.3% for non-invasive mechanical ventilation. The adjusted hazard ratio (aHR) of
invasive mechanical ventilation was 2.28 (95% CI = 1.91–2.72) compared to 1.37 (95% CI = 1.14–1.65) for non-invasive
mechanical ventilation. The ROP incidence increased with longer use of mechanical ventilation. The adjusted hazard
ratio (aHR) of more than 30 days use was 2.16 (95% CI = 1.74–2.67).

Table 4 shows the severity of retinopathy of prematurity compared between study cohorts based on treatment
received. Most of ROP cases in both cohorts were mild, requiring no treatment. There were more infants requiring
treatment in the RDS cohort (145 moderate treatments and 18 serious treatments) than the comparison cohort (38
moderate treatments and 6 serious treatments).

Discussion
Previous study rarely investigated the ROP risk associated with new born infants with RDS.6,22–24 An earlier study in
Sweden including 202 infants with birth weights of 1500gm and less found 81 infants developed ROP with an odds ratio
of 2.0.22 Our study is the first large nation-based cohort in Taiwan population-based study that found RDS is an important
factor associated with developing ROP for preterm infants. Most of ROP cases developed within 6 months after the
births. However, for infants with the birth weights less than 1500 gm, the RDS cohort to the comparison cohort aHRs
was not significant. The identification of 35 normal birth weight infants with ROP in the RDS cohort found that,
relatively, their aHR was the highest for RDS infants, compared to non-RDS infants with normal birth weights. This
finding shows that low birth weight is not the only factor leading to ROP development. Thus, screening should extend to
infants with the birth weight over 1500 gm with an unstable clinical course. The one-year follow-up revealed higher
incidences of subnormal vision in preterm children. This result indicates that ROP might be associated with poorer vision
later in life. Risks of developing ROP deserve attention for the normal birth weight babies with RDS.

In our study, the development of ROP was identified in the preterm births of both the RDS cohort and comparisons of
non-RDS children. LBW, prolonged length of stay in the neonatal intensive care unit (NICU), and female gender were
associated with increased incidences of ROP. The results obtained in this study are consistent with those reported in most
other studies,6,12,15,17,20,31–33 which established that low gestational age and LBW are risk factors for the development of
ROP. But, the gender differences are not the same.

Table 3 Incidence and Hazard Ratio of Retinopathy of Prematurity Associated with Using Mechanical Ventilation for Infants with
Respiratory Distress Syndrome

N Event Person-Years Rate Hazard Ratio (95% Confidence Interval)

Crude p Adjusted p

Mechanical ventilation
No 1628 161 1386 11.62 Reference Reference

Yes 5945 1505 4121 36.5 2.84 (2.41–3.34) <0.0001 1.82 (1.53–2.15) <0.0001

Noninvasive 2402 381 1918 19.9 1.66 (1.38–1.99) <0.0001 1.37 (1.14–1.65) 0.0009
Invasive 3543 1124 2201 51.0 3.75 (3.18–4.22) <0.0001 2.28 (1.91–2.72) <0.0001

Day use

0 days 1628 161 1386 11.6 Reference Reference
<14 days 3910 727 2916 24.9 2.05 (1.73–2.43) <0.0001 1.75 (1.47–2.08) <0.0001

15–29 days 804 241 501 48.1 3.52 (2.88–4.29) <0.0001 1.98 (1.60–2.45) <0.0001

≥ 30 days 1231 537 704 76.3 5.04 (4.23–6.01) <0.0001 2.16 (1.74–2.67) <0.0001

Notes: Adjusted hazard ratio, estimated controlling for sex, birth year, urbanization, parental occupations, birth weight, and comorbidity.
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Table 4 Severity of Retinopathy of Prematurity Compared Between Study Cohorts Based on Treatment Received

Comparison Cohort RDS Cohort Hazard Ratio (95% Confidence Interval)

Type of Treatment Event PYs Rate Event PYs Rate Crude p Adjusted p

Untreated (mild) 1107 9695 11.4 1503 5506 27.3 2.21 (2.04–2.39) <0.0001 1.26 (1.16–1.37) <0.0001

Treated with Laser therapy or cryotherapy (moderate) 38 9695 0.39 145 5506 2.63 6.08 (4.25–8.69) <0.0001 1.66 (1.15–2.40) 0.007

Treated with Scleral buckling or Vitrectomy (serious) 6 9695 0.06 18 5506 0.33 4.96 (1.97–12.5) 0.0007 1.87 (0.70–4.97) 0.21

Notes: Event, number of retinopathy of prematurity cases; Rate, incidence rate, per 100 person-years; Adjusted hazard ratio, adjusted for sex, birth year, urbanization, parental occupations, birth weight and comorbidity.
Abbreviations: RDS, respiratory distress syndrome; PYs, person-years.
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The main findings of this study were that the incidence of ROP was identified in the RDS cohort. Low gestational
age, low birth weight, length of stay in the neonatal intensive care unit, male gender, and respiratory distress were
associated with increased incidences of ROP. The underdeveloped retinas in preterm infants are predisposed to insults
that interrupt neurovascular growth, resulting in the condition. The results obtained in this study are consistent with those
reported in other studies,12,20,31,32 which established that low gestational age and low birth weight are risk factors for the
development of retinopathy of prematurity.

Gestational age is the duration in weeks measured from the last day of a woman’s menstruation period and can also be
more accurately determined through an ultrasound.33 Preterm infants usually have a gestational age of below 37 weeks;
this is a risk factor for developmental complications since the infants are born before all their tissues and organs develop
fully. The gestational age at which the rate of survival is 50% is currently approximately 23–24 weeks in developed
countries.33 Low gestational age and low birth weight are directly related as infants born at low gestational age have low
birth weight. From the current study, we found that the risk of ROP increased with the decrease in birth weight or the
gestational age. This observation is similar to a Korean study,32 which found a high incidence of ROP in very low birth
weight infants with 28 weeks and less of gestational age.15 It also found that infants with extremely low birth-weight of
less than 1499g were at significantly high risk of developing ROP compared to infants with normal birth weight.
Lundgren et al31 found an association between low birth weight standard deviation scores and increased risk of ROP.
Also, Gonçalves et al20 established in their study on the Brazilian population that birth weights of below 1000 grams and
gestational age below 30 weeks were significant risk factors for the development of ROP. This study found the aHR of
ROP was 1.07 (95% CI = 0.90–1.27) for infants with birth weights of 1250 g to 1499 g while the aHR of ROP was 1.02
(95% CI = 0.83–1.26) for infants with birth weights of 1000 g to 1249 g. From the statistics, it is clear that the lower the
birth weight or gestational age, the more is the risk of developing retinopathy of prematurity.

A longer length of stay in the neonatal intensive care unit (NICU) is significantly associated with higher odds of
developing ROP. This study established more incidences of ROP (n = 2192) for infants who had a LOS. NICU care is
associated with hyperoxia, an excessive supply of oxygen that suppresses growth factors once the infants are placed
there. Consequently, the poorly vascularised yet increasingly metabolically active retina becomes hypoxic, triggering the
growth factor-induced proliferation within blood vessels, thereby increasing the risk of retinal detachment and blindness.9

This result is similar to that reported by Ludwig et al,15 who established that a LOS greater than 28 days had significantly
increased chances of developing ROP as compared to normal birth weight. A longer length of stay indicates an unstable
clinical course for premature infants indicating complications that increase the risk for ROP.39 It also found an
association between longer lengths of stay in NICU and ROP, especially for preterm infants who required mechanical
ventilation and oxygen therapy. Furthermore, Reyes et al6 also found that the duration of ventilation and oxygen therapy
influenced the length of stay in the NICU, thereby increasing the risk of ROP.

This study revealed that boys were at a higher risk of developing ROP than girls. This finding is similar to that in the
study by Lundgren et al,31 where univariate logistic regression analysis showed the male gender was at a significantly
high risk of developing ROP that requires treatment. Likewise, Kang et al17 also established that one of the risk factors
for ROP is the male gender. According to Lorente-Pozo et al,34 compared to their female counterparts, male infants
display a lower degree of maturation that translates into a poor capacity to stabilize and, therefore, experience an
increased occurrence of prematurity and prematurity-associated morbidities, and poor long-term outcomes. Male sex is
an independent risk factor for major comorbidities that affect premature infants, including ROP.35

Male sex is especially linked to worse respiratory outcomes, including RDS, bronchopulmonary dysplasia (BPD), and
intraventricular hemorrhage. All of these are comorbidities that increase the risk of ROP.36,37 This is because infants with
respiratory distress are mechanically ventilated to receive supplemental oxygen. Normally, the eye may have oxygen
saturation levels as high as 30–40 mm Hg or lower, subject to the dilution factors. When a preterm infant with RDS is
resuscitated in high oxygen concentrations, it leads to saturation in arterial oxygen. An oxygen saturation level of 80 mm
Hg or more is linked to the damage of newly developed retinal capillaries.2 This study established a correlation between
respiratory complications and ROP. ROP was established in preterm infants who received both invasive as well as non-
invasive respiratory support. Approximately half of ROP cases occurred in preterm infants who received invasive
respiratory support at birth. This finding is similar to that by Slidsborg et al38 who established mechanical ventilation
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as a significant risk factor for ROP in a population in Denmark. A similar study by Nugud et al39 also reported that 67
preterm infants in their study population had RDS, and 22 of these patients developed ROP. Respiratory complications
identified in preterm infants require intervention through ventilation and oxygen supplementation to achieve postnatal
stabilization. Premature infants are given oxygen supplementation while they still have an underdeveloped antioxidant
system, and this causes a spurt of oxygen-free radicals, pro-oxidant disproportion, oxidative stress, and tissue damage.40

The study by Hwang et al32 also observed a correlation between longer duration of invasive ventilation and oxygen
supplementation to address respiratory complications with ROP. Invasive ventilation was indicated as a confounding
variable to excessive oxygen supplementation in respiratory distress and is associated with ROP. However, Colaizy
et al41 established that standardized oxygen therapy plays an important role in preventing the progression of stage II ROP,
thereby minimizing the risk of permanent visual loss in children born prematurely.

The identification of 38 infants with a birth weight of above 2500g with ROP shows that low birth weight/gestational
age is not the only factor leading to ROP development. This shows that screening should extend to infants with more than
1500 g birth weight or gestational age of more than 37 weeks with an unstable clinical course. The two years follow-up
revealed higher incidences of subnormal vision and strabismus in preterm children than in full-term cohort. This result is
similar to that of Monika et al42 who found that ROP is associated with poorer vision later in life.

From the present study, we found that the risk of ROP increased with the decrease in birth weight decreased. This
observation is similar to previous studies. However, our study found the aHR of ROP for RDS children dropped to 1.07
or lower for infants with birth weights of less than 1500gm, not significant when compared to non-RDS children at the
corresponding birth weight. It is clear that the lower the birth weight, the higher the risk of developing ROP, even for
non-RDS children. The incidence of ROP does not increase, in less than 1000 g, in the RDS group compared to the
control. However, for infants with the birth weights less than 1500 g, the RDS cohort to the comparison cohort aHRs was
not significant. There are probably other risk factors that influence the appearance of ROP that were not analyzed in the
study.

A longer length of stay in the NICU is significantly associated with higher hazards of developing ROP. This study
revealed a higher incidence of ROP for infants (n = 1231 or 16.3%) who had a stay at hospital for 30 days or longer,
indicating severe ROP. NICU care is associated with hyperoxia, an excessive supply of oxygen that suppresses growth
factors once the infants are placed there. Consequently, the poorly vascularized yet increasingly metabolically active
retina becomes hypoxic, triggering the growth factor-induced proliferation within blood vessels, thereby increasing the
risk of retinal detachment and blindness.8 This result is similar to the finding in the US study that a LOS greater than 28
days significantly increased the risk of developing ROP as compared to normal birth weight.15 A longer length of stay
indicates an unstable clinical course for premature infants, and complications increase the risk for ROP.

This study revealed that boys were at a higher risk of developing ROP than girls. This finding is similar to other
studies.31,34,35 Male sex has been especially linked to worse outcomes of respiratory comorbidities and these increase the
risk of ROP.35–37 Our study failed to show this characteristic.

When a preterm infant with RDS is resuscitated in high oxygen concentrations, it leads to saturation in arterial oxygen
and higher than normal oxygen saturation levels are linked to the damage of newly developed retinal capillaries.2 This
study established a correlation between respiratory complications and ROP. ROP was established in preterm infants who
received both invasive as well as non-invasive respiratory support. In our study, approximately half of ROP cases
occurred in preterm infants who received invasive respiratory support at birth. The relationship between mechanical
ventilation uses and ROP development has been well studied.38–41 Invasive ventilation was indicated as a confounding
variable to excessive oxygen supplementation in respiratory distress, and is associated with ROP. However, Colaizy
et al41 established that standardized oxygen therapy plays an important role in preventing the progression of stage II ROP,
thereby minimizing the risk of permanent visual loss in children born prematurely.

Treatment for ROP is based on disease severity.38–41 Most infants with stages 1 or 2 ROP eventually improve without
treatment. Treatment is initiated once the infant develops type I ROP. Areas of the retina may be treated with cryotherapy
or laser therapy to prevent or reverse the proliferation of abnormal retinal vessels, thereby reducing complications (eg,
retinal detachment) and preserving central vision. Pharmacological therapies with intra virtual injections of anti-vascular
endothelial growth factor (VEGF) agents (eg, Avastin or Lucentis) are currently being used as an alternative to, or in
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addition to, laser treatment. However, if the ROP continues to worsen, treatment with vitrectomy and/or a scleral
buckling procedure is always needed. Our data showed that only 18 (1.08%) children in the RDS cohort and 6 (0.52%) in
comparisons required treatment of scleral buckling or vitrectomy.

Study Significance and Implications
ROP is a major cause of preventable childhood blindness. In Taiwan, the average occurrence of ROP was 36.6%,
indicating that a large number of premature infants are at the risk of visual impairment. The advancement in neonatal
intensive care translates into an increase in the number of immature new-born who survives. This directly increases the
number of preterm infants at risk of developing ROP. Therefore, understanding the risk factors associated with ROP
occurrence within the local context can help in their modification, and to prevent or/and minimize the incidence of this
vision-threatening disorder. While most studies are hospital-based, this study followed up the study cohorts for one year.
Our study will add on to the limited number of studies and knowledge on the risk factors associated with ROP in Taiwan.

The findings of this study provide clinical implications for developing therapeutic strategies for ROP prevention to
reduce disease progression. The results of this study are consistent with those of other studies that linked the incidence
and severity of ROP to birth weight. This population-based study indicates respiratory distress is an important factor.
Clinicians caring for preterm infants in Taiwan should be aware of the risk factors in this population, and work towards
minimizing them to prevent ROP. This study recommends that the ROP screening practice should be extended to preterm
infants with a normal birth weight. Besides, a proper balance should be established between neonatal intensive care
provisions such as oxygen supplementation so that this necessary support for life does not produce adverse effects such
as ROP. This study also recommends that children with ROP get life-long ophthalmological follow-up.

This study results also imply that further studies should be conducted to explore the actual mechanism that invasive/
mechanical ventilation increased the risk of ROP. Additionally, studies should further explore the reason for the higher
ROP incidence in preterm infants born to urban or white-collar parents.

Study Strengths and Limitations
The strength of this study is using a large sample size obtained from the National Health Insurance infant population
database. The large sample size made it possible to statistically evaluate several risk factors, and enhance the reliability,
generalizability, and transferability of the study results. This study was able to extract the classification of ROP in the
identified cases and thus allowed to evaluate severity of retinopathy of prematurity. There are several limitations. First,
the databases of mothers and newborns belong to different databases in the health insurance database. Because newborns
do not have ID cards, many key medical and infant characteristics are initially archived in the mother’s database, making
it impossible to collect and analyze newborn data in the children’s database. This study uses the children’s database for
analysis; some infant characteristics were unavailable to adjust for these potential confounders in the data analysis.
Second, this study is the retrospective nature, as the researchers were not in control of the exposures or outcome
assessments, but had to rely on the recordkeeping based on insurance claims. About 25% of the preterm infants were
excluded from this study, mainly because information on birth weight and length of stay at hospital was unavailable. A
portion of 258 babies with birth weights <1000g in the non-RDS cohort might be children of RDS, but not diagnosed.
The overall risk for RDS might be thus underestimated. Retrospective data collection brings out the issue of data validity.
Nonetheless, the one-year follow-up allowed us to evaluate the relationship between RDS and the ROP risk.

Conclusion
Our findings show that in addition to respiratory distress, low birth weight, length of stay in the NICU and female gender
also play important role in the development of ROP. Although low birth weight and female gender are non-modifiable
factors, they aid in identifying preterm infants at an increased risk of ROP. Thus, they should be monitored closely to
diagnose the disease early enough for effective treatment interventions. Prolonged stay in the NICU under ventilation and
supplemental oxygen supply can be modified to equivalents that favor proper retina vascularization. Therefore, it is
imperative to examine the extent of the vascularized retina in children born prematurely and to regularly screen the retina
to ensure the retina vascularizes normally. The incidence of ROP in Taiwan is quite high in premature infants, and proper
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interventions through screening, adjusting modifiable risk factors and treatments are necessary to prevent childhood
vision disorders and reduce the high cost of hospitalization that are associated with ROP. However, children with ROP
require life-long follow-up as their vision may develop ocular morbidities later in life.
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