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Introduction: Retinopathy of prematurity (ROP) is a disease characterized by abnormal vascularization of the retina in 
preterm infants. The present study aims to investigate the relationship between ROP and serum thyroid hormones based on 
the known effects of thyroid hormones on angiogenesis.
Methods: This retrospective study included infants born <34 weeks of gestation between January 2011 and January 2019 
who were hospitalized from birth to at least the first month of life in the Neonatal Intensive Care Unit and who had regular 
ROP examinations. The patients were divided into two groups as having ROP and no ROP. Patients diagnosed as ROP were 
divided into two subgroups as follows: treated ROP and untreated ROP. Variables, such as gender, gestational age (GA), birth 
weight (BW), bronchopulmonary dysplasia (BPD), duration of mechanical ventilation, duration of oxygen therapy, necrotiz-
ing enterocolitis and intraventricular hemorrhage (IVH), together with serum-free T4 and TSH levels on postnatal 7th (sT4-1 
and TSH-1) and 28th days (sT4-2 and TSH-2), were examined.
Results: One hundred ninety-three infants without ROP (Group 1) and 152 infants with ROP (Group 2) enrolled in this study. 
Among 152 patients with ROP, 114 infants did not receive ROP treatment (Group 2a), and 38 infants received ROP treatment 
(Group 2b). In Group 2, free T4-1 and TSH-2 were significantly lower than in Group 1 (p<0.001). The sT4-1 and sT4-2 levels 
of Group 2b were significantly lower than those of Group 2a (p=0.042 and p=0.015, respectively). In the logistic regression 
analysis of risk factors, thyroid hormone levels were not found to be independently effective on the development of the ROP.
Discussion and Conclusion: In this study, the findings suggest that thyroid hormones had no effect on ROP development. 
Larger and prospective studies may shed light on the effects of thyroid hormones on ROP development.
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Retinopathy of prematurity (ROP) is a developmental 
disorder of retinal vessels of premature babies and 

its pathophysiology is unknown. ROP is one of the most 
important causes of visual impairment and blindness in 
children. Recent advancements in neonatal care have in-
creased the chances of premature infants’ survival. Cor-
respondingly, the frequency of ROP has also increased in 
this group of infants. Reportedly, ROP has been a problem 
for babies born before 28 gestational weeks (GW) in de-

veloped countries, whereas ROP increases up to 34 GW in 
developing countries[1]. A multicenter study conducted in 
our country in 2014 revealed that the incidence of ROP in 
low birth-weight preterm infants was 42%, and the inci-
dence of advanced-stage ROP was 8.2%. In the same study, 
the incidence of ROP was found to be 13.3% and the inci-
dence of advanced-stage ROP was 0.4% in babies over 32 
GW. Early diagnosis and treatment of ROP reduce the risk of 
retinal detachment and blindness[2]. 
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Although there are various views on the pathogenesis of 
premature retinopathy, the biphasic theory proposed by 
Aston and Smith is the most widely acknowledged hy-
pothesis[3, 4]. According to this theory, ROP occurs in two 
phases. Phase 1 is the phase in which vaso-obliteration oc-
curs. In this phase, it is thought that significant angiogenic 
factors, such as the vascular endothelial factor (VEGF) and 
the insulin-like growth factor-1 (IGF-1), have an effect on 
angiogenesis. Phase 2 is the phase of neovascularization. 
In this phase, an increase in the secretion of angiogenic fac-
tors is observed due to hypoxia. It is believed that the main 
responsible period for ROP development is Phase 2, where 
neovascularization occurs. 

The thyroid hormone is necessary for normal development 
of the human brain during the intrauterine period and the 
first two years of life[5]. As the gestational week increases, 
the amount of serum-free thyroxine (fT4) and thyrotropin 
(TSH) synthesized by the fetus increases. Thyroid functions in 
preterm infants are affected by the immaturation of the hy-
pothalamo-pituitary-thyroid axis, diseases and drugs used. 
In babies that are born mature, fT4 and TSH levels increase 
after birth then begin to decrease rapidly within 24 hours 
and continue to slow down after 48 hours. This fluctuation 
in thyroid functions is less common in low GW neonates[6–9].

Thyroid hormones have also been implicated to have a role 
in angiogenesis[10–12]. In this study, we aimed to investi-
gate the effects of thyroid hormones on ROP development 
based on this information.

Materials and Methods 
This study was retrospectively carried out with 34 GW pa-
tients who were hospitalized between January 2011 and 
January 2019 at Bahçeşehir University, Faculty of Medicine 
Göztepe Medical Park Hospital Neonatal Intensive Care Unit 
(NICU). The research protocol was approved by the Ethics 
Committee of Bahçesehir University Faculty of Medicine 
(No: 2019-05/10).

Research Groups

This research included patients who were born prematurely 
before the 34th GW and who were hospitalized in the NICU 
for more than one month from birth and underwent ROP 
examinations. The patients were divided into two groups 
as per their diagnosis of ROP. Patients who were diagnosed 
with ROP were also divided into two following subcate-
gories: patients who received treatment and patients who 
did not. Patients who died during the course of this research, 
patients who underwent exchange transfusion or patients 

with missing medical records were excluded from this study. 

The first ophthalmologic examination of the patients was 
performed by an experienced ophthalmologist (O.Y.K.) for 
infants younger than 27 GW in the 30th or 31st postmen-
strual week, for infants born in 27th or the following weeks 
in postnatal week 4, in accordance with the recommenda-
tions of the American Academy of Pediatrics and Turkish So-
ciety of Neonatology[1]. One hour before the examination, 
0.5% tropicamide and 2.5% phenylephrine were instilled 
three times with 15-minute intervals and pupillary dilatation 
was ensured. For topical anesthesia, 0.5% proparacaine hy-
drochloride drop was instilled just before the examination. 
An anterior segment followed by a fundus examination was 
made with a binocular indirect ophthalmoscope. The clas-
sification of the disease was staged considering the degree 
of vascular proliferation according to ICROP[14] (Interna-
tional Classification of Retinopathy of Prematurity) criteria: 
(1) Stage 1: Demarcation line separating the vascular and 
avascular retina from each other, (2) Stage 2: Ridge: pocked 
composition, (3) Stage 3: Extraretinal fibrovascular prolifera-
tion on the ridge, (4) Stage 4A: Partial retinal detachment (no 
macular involvement), (5) Stage 4B: Partial retinal detach-
ment (with macular involvement), (6) Stage 5: Total retina 
decollement. Stage 3 and above, or “plus” disease (increased 
arterioles folding in the posterior pole of the retina and ve-
nous dilatation), were considered severe ROP. Cases with 
stage I or stage 2 ROP and plus disease in Zone I, stage 3 ROP 
in Zone I, stage 2 or stage 3 ROP in Zone II and plus disease 
were considered as treatment indications for ROP[15]. Treat-
ment was administered by intravitreal injection of the anti-
VEGF agent or laser photocoagulation.

Factors Examined in this Research
Along with factors, such as gender, GW, birth weight (BW), 
bronchopulmonary dysplasia (BPD), duration of mechani-
cal ventilation (MV), duration of oxygen therapy, necrotiz-
ing enterocolitis (NEC) and intraventricular hemorrhage 
(IVH), fT4 and TSH levels on postnatal 7th and 28th days 
were also examined. 

GW was calculated according to the mother's last men-
strual date or Ballard score. Patients with oxygen therapy or 
mechanical ventilation support longer than 28 days were 
diagnosed as BPD. The diagnosis of IVH was made by trans-
fontanelle ultrasonography and was staged with the Papile 
classification. The diagnosis of NEC was made according 
to the modified Bell criteria in lieu of the clinical and radi-
ological findings. Transient decrease in fT4 levels without 
increased TSH levels of the premature was diagnosed as 
transient hypothyroxinemia, low fT4 level according to ges-
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tational age, and patients with high TSH levels were diag-
nosed as congenital hypothyroidism.

Laboratory Methods
On the patient's postnatal 7th day and 28th day, a 2 ml ve-
nous blood sample was taken on an empty stomach into the 
sterile dry tube in the morning and sent to the laboratory. 
Blood samples were centrifuged within one hour to sepa-
rate the serum. On the same day, serum TSH and fT4 levels 
were studied with the chemiluminescence microparticle im-
munoassay (CMIA) method. Samples were studied with the 
Abbott ARCHITECT ci8200 system. The ones researched on 
postnatal day 7 were called sT4-1 and TSH-1, and the ones on 
postnatal day 28 were called sT4-2 and TSH-2. 

Statistical Analysis
The data were analyzed using the SPSS program. Compar-
isons were mainly made between three groups: non-ROP 

patients, patients who are ROP but are not receiving treat-
ment, and patients who are ROP but are receiving treat-
ment. Kruskal Wallis test was used for continuing factors in 
triple comparisons. In cases where there was a statistically 
significant difference in triple comparisons (p<0.05), dual 
comparisons were made with post-hoc analyzes. Mann-
Whitney U test was used for post-hoc analysis, and signif-
icant P-value was accepted as 0.017 (0.05/3) with Bonfer-
roni correction. Chi-square test was used for the analysis 
of categorical variables. The variables that were deemed 
significant in univariate analyses were also evaluated by 
multivariate Logistic Regression models. 

Results
One hundred ninety-three premature infants without ROP 
disease (Group 1) and 152 premature infants with ROP dis-
ease (Group 2) were included in this study. Table 1 shows the 
comparison of demographic characteristics and variables 

Table 1. Comparison of the demographic characteristics and variable factors in patients with and without ROP

   Retinopathy of Prematurity  

   Without    With   Total 

  n  %  n  % n  % P 

  193  55.9  152  44.1 345  100 
Gender
 Female 96  49.7  75  49.3 171  49.6 1.00
 Male 97  50.3  77  50.7 174  50.4 
NEC
 without 182  94.3  54  35.5 236  68.4 <0.001
 with 11  5.7  98  64.5 109  31.6 
IVH
 without 181  93.8  69  45.4 250  72.5 <0.001
 with 12  6.2  83  54.6 95  27.5 
BPD
 without 165  85.5  26  17.1 191  55.4 <0.001
 with 28  14.5  126  82.9 154  44.6 
Treatment of hypothyroidism
 without 192  99.5  141  92.8 333  96.5 0.001
 with 1  0.5  11  7.2 12  3.5 

  Median  IQR  Median  IQR Median  IQR 

Gestation week 32  2  28  3 30.50  4 <0.001
Birth weight
 grams 1770  551  1080  469 1440  715 <0.001
MV 
 day 8  9  39  53 14  33 <0.001
Oxygen treatment
 day 14  13  52  56 27  39 <0.001
sT4-1 1.14  0.29  0.88  0.46 1.07  0.43 <0.001
TSH-1 2.70  2.20  2.08  3.46 2.535  2.74 0.039
sT4-2 1.00  0.29  1.00  0.32 1.00  0.28 0.067
TSH-2 2.97  1.46  2.14  2.50 2.550  2.08 <0.001

NEC: Necrotizing enterocolitis; IVH: Intraventricular hemorrhage; BPD: Bronchopulmonary dysplasia; MV: Mechanical ventilation; sT4-1: free T4 value at day 7; 
sT4-2: free T4 value on the 28th day; TSH-1: 7th day TSH value; TSH-2: TSH value on the 28th day.
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of Group 1 and Group 2 patients. Among 152 patients with 
ROP, 114 infants did not receive treatment for ROP (Group 
2a) and 38 infants received treatment for ROP (Group 2b). 
The comparison of these subgroups concerning characteris-
tics and varying factors is summarized in Table 2.

In Group 2, GW, BW, duration of MV and duration of oxy-
gen treatment were statistically significant on ROP devel-
opment compared to Group 1 (p<0.001 for each variable). 
When these two groups were examined, the presence of 
NEC, IVH and BPD were found to be statistically signifi-
cant variables in the development of ROP (p<0.001). In 
Group 2, sT4-1 and TSH-2 were found to be lower than in 
Group 1 and were statistically significant (p<0.001). There 
was no statistically significant difference between the 
two groups concerning TSH-1 and sT4-2. In Group 2b, BW, 
MV and having had oxygen therapy longer than 10 days 
was statistically significant (p=0.043, p=0.003, p=0.002). 
In group 2b, NEC was found to be a risk factor (p=0.049). 

IVH and BPD were not statistically significant. The sT4-1 
and sT4-2 levels of Group 2b were lower than those of 
Group 2a and were statistically significant. (p=0.042 and 
p=0.015, respectively) There was no significant difference 
between Group 2a and Group 2b concerning TSH-1 and 
TSH-2 levels.

It was concluded that this situation did not make a statis-
tically significant difference in the development of ROP in 
babies diagnosed with hypothyroidism (p<0.001). There 
was no statistically significant difference in the diagnosis 
and treatment of hypothyroidism between treated and un-
treated groups (p=0.468).

When logistic regression analysis was used to determine 
the risk factors for ROP development, thyroid hormone 
levels were not concluded to be independent risk factors, 
and GW, BW, IVH and BPD were concluded to be statistically 
significant independent risk factors (p<0.001, p<0.001, 
p=0.015, p=0.012, respectively) (Table 3).

Table 2. Comparison of the demographic characteristics and variable factors of ROP patients with and without treatment

  Retinopathy of Prematurity  

   no treatmen t   with Treatment  Total 

  n  %  n  % n  % P

Gender
 Female 56  49.1  19  50.0 75  49.3 1.00
 Male 58  50.9  19  50.0 77  50.7 
NEC
 without 46  40.4  8  21.1 54  35.5 0.049
 with 68  59.6  30  78.9 98  64.5 
IVH
 without 56  49.1  13  34.2 69  45.4 0.134
 with 58  50.9  25  65.8 83  54.6 
BPD
 without 20  17.5  6  15.8 26  17.1 1.00
 with 94  82.5  32  84.2 126  82.9 
Treatment of hypothyroidism
 without 107  93.9  34  89.5 141  92.8 0.468
 with 7  6.1  4  10.5 11  7.2 

  Median  IQR  Median  IQR Median  IQR 

Gestation week 28  27-30  28  26-30 28  27-30 0.093
Birth weight
 grams 1100  900-1326  910  780-1255 1080  845-1315 0.043
MV
 day 35  18-66  69  29-115 39  20-72 0.003
Oxygen treatment
 day 46  33-80  81  45-124 52  33-88 0.002
sT4-1 0.92  0.67-1.17  0.75  0.63-0.98 .88  0.66-1.13 0.042
TSH-1 2.09  0.94-4.52  1.97  0.47-4.05 2.08  0.71-4.20 0.403
sT4-2 1.02  0.84-1.14  0.92  0.74-1.03 1.00  0.80-1.11 0.015
TSH-2 2.11  0.99-3.14  2.61  0.67-5.00 2.14  0.99-3.61 0.264

NEC: Necrotizing enterocolitis; IVH: Intraventricular hemorrhage; BPD: Bronchopulmonary dysplasia; MV: Mechanical ventilation; sT4-1: free T4 value at day 7; 
sT4-2: free T4 value on the 28th day; TSH-1: 7th day TSH value; TSH-2: TSH value on the 28th day.
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Discussion
Normal retinal vascularization starts to take place in the 
mother's womb at the 16th GW in two phases: The early 
phase is called vasculogenesis and the late phase is defined 
as angiogenesis. Maturation is completed when the blood 
vessels reach nasal ora serrata at 36 GW and temporal ora 
serrata at 40 GW. The vasculogenesis phase is independent 
of hypoxia and is the phase in which primitive vascular 
structure occurs. In angiogenesis, capillary network forma-
tion is seen. Retinal photoreceptor activation and neural 
tissue development give rise to physiological hypoxia and 
allow the release of angiogenic factors, such as VEGF and 
IGF-1 at the physiological level[16,17]. 

Since the neurovascular development of the retina at 
preterm birth is immature, premature infants are suscepti-
ble to ROP development. Both oxygen-dependent and oxy-
gen-independent factors play a role in the development of 
ROP in premature babies. Factors like non-oxygen-related 
IGF-1 also interact with VEGF in the development of ROP. 
Oxygen saturation with premature birth and increased 
partial oxygen pressure relative to the intrauterine envi-
ronment create relative hyperoxia for the premature infant. 
The first phase developing around the 30th and 32nd weeks 
of the two phases proposed in the pathogenesis of ROP is 
characterized by this early hyperoxic condition. Blood flow 
autoregulation is suppressed by the effects of toxic oxygen 
and angiogenic factors, such as VEGF, are reduced, and va-
so-obliteration occurs, which leads to hypoxia in the tissue 
and thus initiates phase 2. Pathological hypoxia that occurs 
in the second phase leads to increased release of angio-
genic factors, such as VEGF and the development of abnor-
mal vessels[3, 4, 17].

The effects of thyroid hormones on blood vessels have 
been known for many years and have been shown to re-
duce vascular resistance, have a proangiogenic effect and 
play a role in angiogenesis. Thyroid hormones affect the 

expression of VEGF-A and FGF-2 and are effective in an-
giogenesis. Blood VEGF and FGF-2 levels in postnatal thy-
roid hormone deficiency were determined low in animal 
experiments[10–12]. The discussion above suggests that 
thyroid hormones may have an effect on ROP develop-
ment. In our research, to investigate the effects of thyroid 
hormones on ROP development, we firstly compared the 
fT4 and TSH levels that we looked at on the 7th and 28th 
days of preterm babies born less than 34 GW between 
groups with and without ROP. To understand its effect on 
ROP more clearly, we compared the groups that were di-
agnosed with ROP that were or were not being treated 
for ROP. 

Thyroid functions in the postnatal period are affected by 
several factors, such as GW, postnatal age, BW, mode of de-
livery and gender. In a study by Aktaş et al.,[8] a positive cor-
relation was found between GW and T4 values. It is thought 
that the interruption of the development of the hypotha-
lamus-pituitary-thyroid axis in fetal life with preterm birth 
led to thyroid dysfunction. Also, comorbidities such seen 
in premature cases as sepsis and RDS might affect thyroid 
hormone synthesis[18, 19]. In Korkmaz et al.’s study, the find-
ings showed that TSH values of healthy preterm infants and 
preterm infants with health problems, such as RDS, sepsis 
and ROP decreased gradually in samples taken on days 1, 
7 and 14, and TSH values were significantly lower in infants 
with health problems.[20] Chung et al.[21] report that free T4 
levels were significantly lower in babies born less than 28 
GW and RDS and BPD were more common in these babies 
than in the control group.

The pathogenesis of diabetic retinopathy has some similar-
ities with ROP pathogenesis. In both cases, vascular dam-
age in the retina, ischemia and VEGF-related neovascular-
ization are involved. Some studies showed that subclinical 
hypothyroidism increased the risk of diabetic retinopathy 
in patients with Type 2 diabetes mellitus[22, 23]. Yang et 
al.[23] showed that subclinical hypothyroidism was associ-
ated with visually threatening diabetic retinopathy. These 
findings suggest that thyroid hormone values may be re-
lated to ROP development.

Our research concluded that TSH measurements from the 
7th day and from the 28th day for the group with ROP were 
significantly lower than the measurements without ROP. 
For the ROP group, on the 7th and 28th day, the fT4 levels 
were significantly lower in the treated group than in the 
non-treated ROP group. However, thyroid hormone levels 
were not determined to be independent risk factors when 
analyzed with other risk factors in the development of ROP. 

Table 3. Logistic regression analysis of the ROP risk factors

  Odds Ratio 95% Confidence Interval P 

Gestation week 0.523 0.393-0.694 <0.001
Birth weight 0.997 0.996-0.999 <0.001
IVH 3.444 1.271-9.335 0.015
BPD 2.757 1.246-6.099 0.012

Model P-value <0.001; P-value of Hosmer and Lemeshow test: 0.083; 
Nagelkerke R2: 0.753; Variables included in the model: gestational week, 
birth weight, duration of oxygen therapy, necrotizing enterocolitis, 
intraventricular hemorrhage (IVH), bronchopulmonary dysplasia (BPD), sT4 
value of the 1st week.
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Korkmaz et al.[24] concluded that there was no significant 
difference in TSH and fT4 values between treated ROP cases 
and other infants undergoing ROP screening and pointed 
out significant differences between the groups in terms of 
BPD, RDS, IVH and MV duration. In our study, BW, IVH and 
BPD were also determined to be risk factors through mul-
tiple analyzes. These results suggest that low thyroid hor-
mone levels seen in prematurity are related to immaturity 
and associated morbidity factors, and not directly related 
to ROP development. 

There are some factors limiting this study. Given that this is 
a single-center study and is designed retrospectively, these 
aspects limit the results of this study.

Conclusion
In conclusion, this research concluded that thyroid hor-
mones do not have any effect on the development of ROP. 
Larger and prospectively designed studies are needed to 
reveal whether thyroid hormones with known effects on an-
giogenesis are a risk factor for the development of the ROP.
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