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ABSTRACT

Background: Retinopathy of prematurity (ROP) is a preventable cause of childhood blind-
ness. Without treatment, over 45% of eyes can develop permanent visual loss. Hyper-
glycaemia has recently been described as a risk factor for the development of retinopathy
of prematurity (ROP), a proliferative vascular disease of the retina that primarily affects
premature infants. The characteristic neoproliferative growth of blood vessels in the retina
is very well under stood with the clinical and experimental experiences with Diabetic
retinopathy. The purpose of this study was to evaluate a possible relation between glucose
levels in VLBW (Very Low Birth Weight) infants and development of ROP.
Method: All at risk infants of a Neonatal Intensive Care Unit (NICU) of a tertiary care centre
in western India were included in the study. The blood sugar values of the neonates were
recorded at multiple times during their first week of life. On completion of 31 weeks of
gestational age or 04 weeks of birth age, the neonates were subjected to ROP screening as
per standard protocols.
Result: A total of 103 neonates were included in the study and were subjected to ROP
screening. A total of 32 neonates developed ROP at the end of the study. It was found with
statistical significance that the neonates with higher average blood glucose values in the
initial period of life had higher incidence of ROP at the time of screening with a Relative
Risk of 2.506 (CI = 1.287, 4.882).
Conclusion: A high average blood glucose level in neonates during the first week of life is an
indicator for developing ROP at a later date. These neonates should be kept under close
follow up in order to facilitate timely detection and prompt intervention.
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Introduction

Retinopathy of prematurity (ROP) is a sight-threatening
neonatal vasoproliferative condition of the retina during its
development, seen in preterm infants. Gilbert et al., in 2008,
conducted a study which revealed an estimate that more than
50,000 children are blinded from this condition all across the
globe. Other studies suggest that the figure is under-
estimated.” There are nearly 15 million preterm births annu-
ally, and India tops this list with more than 3.5 million
annually.”® ROP is currently a major emerging public health
problem affecting the neonatal population. The non-uniform
standards of hospital neonatal care, complete absence or
delayed screening for ROP and lack of suitably trained oph-
thalmologists to screen and treat ROP are major factors
contributing to increasing blindness and disease burden from
ROP along with other morbidities.

Oxygen has been long implicated as the major risk factor
for the onset of ROP; however, the search for other risk factors
hasbeen ongoing to better understand the pathogenesis of the
problem.*® The contribution of hyperglycaemia in the onset of
ROP has been studied in lines with other vasoproliferative
retinopathies with the existing background knowledge of the
pathogenesis of diabetic retinopathy.®®

Hyperglycaemia in neonates

The incident population of extremely low-birthweight (ELBW)
infants in hospital care with birthweight less than 1000 g is on
an increase in neonatal intensive care units as a result of
better clinical care and survival.”*° Many of these neonates, as
a result of glucose intolerance, present with hyperglycaemia,
which can be as high as 68% of ELBW neonates within the first
few weeks of life. According to the findings of Louik et al.,
neonates with birthweight less than 1100 g are 18 times
more likely to have hyperglycaemia. Conditions such as
intravenous fluids, parenteral nutrition, stress and drug
treatment, in particular steroids, have been implicated in the
development of hyperglycaemia.

Retinopathy of prematurity

Retinopathy of prematurity (ROP) is a neonatal disorder of
development of the retinal vascular maturation. Similar to
other proliferative retinal disorders, local ischaemia is a major
factor in the development of ROP, as seen in diabetic reti-
nopathy, sickle cell retinopathy and so on. The incidence of
ROP has an inverse relation with decreasing birthweight and
decreasing gestational age.*'"'? With the evident pattern of
vasoproliferative retinopathy, ROP results in disorganised
growth and lack of maturation of retinal blood vessels, leading
to scarring and retinal detachment. Oxygen has been estab-
lished as a major role player in these cases and is known to
cause vascular obliteration of the immature retina.

Proposed mechanism of hyperglycaemia contributing to ROP

Hyperglycaemia has recently been described as an important
risk factor for the development of ROP.” The development

and progression of ROP has two phases, namely, a hypoxic
preclinical phase and a proliferative clinical phase.’* These
nearly overlapping phases arise from the alterations in
serum insulin-like growth factor (IGF-1), which is a somatic
growth factor, and retinal vascular endothelial growth factor
(VEGF), which is a hypoxia-induced vasoproliferative factor.*
The levels of serum IGF-1 fall drastically in cases of prema-
ture birth because of premature cessation of supply from the
mother in the wake of poor endogenous production.’* %’
Hence, the poor IGF-1 levels hinder the development of
retinal vessels, leading to localised ischaemia and a resultant
spike in VEGF production which in turn causes the prolifer-
ative changes.’®' The correlation between IGF-1 and birth-
weight to the development of ROP has been demonstrated
clinically in various studies. The characteristic extensive
neoproliferative growth of blood vessels in the retina is very
well understood with the clinical and experimental experi-
ences with diabetic retinopathy. The important contribution
of hyperglycaemia in the development of proliferative dia-
betic retinopathy has been studied in adults in great
detail.®?° Garg et al,° in 2003, first described the relationship
between hyperglycaemia and ROP. Few studies have estab-
lished significant between the two
conditions.®?' 23

In view of the larger number of premature births in India,
such a study has become essential. The use of blood sugar
levels as an indicator for predicting the onset of ROP will help
us plan a prompt screening and management protocol.

association

ROP diagnosis

The diagnosis of ROP is clinically based on the indirect
ophthalmoscopy findings in the neonate. In 1984, the Inter-
national Committee for Classification of Retinopathy of Pre-
maturity developed an objective diagnostic classification®*
for ROP, and the same has since then been further
refined.”” It is defined by the parameters of location, stage
and extent.

Aim and objective
Aim
The aim of the study is to establish hyperglycaemia as a risk

factor for the development of ROP by means of a cohort
study.

Materials and methods
Study type: cohort study

The study was a prospective study conducted at two tertiary
care hospitals under the care of the same treating physicians.
All the neonates who fall in the ‘at-risk’ group admitted to the
neonatal intensive care units were part of the cohort. The
target population was the clientele population of two hospi-
tals located in Pune city of Maharashtra state in India.
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Sample size calculation

Based on the odds ratio (OR) defined in the previous studies, a
sample size of 47 cases and 47 controls was reached before the
start of the study period.?®*’

Screening of ROP: standard practice

The study centre uses a standardised protocol for ROP
screening similar to the All India Institute of Medical Sciences,
New Delhi, ROP screening protocol for ‘at-risk infants’.

Defining ‘at-risk neonates’
‘At-risk’ neonates are defined as follows:?®

e Neonates with birthweight <1500 g

e Neonates born at <32 weeks of gestation

e Selected preterm infants with a birthweight between 1500
and 2000 g or a gestational age of more than 32 weeks with
sickness needing cardiorespiratory support, prolonged
oxygen therapy and apnoea of prematurity, anaemia
needing blood transfusion and neonatal sepsis or believed
to be at high risk by their attending paediatrician or
neonatologist.

First screening examination was carried out at 31 weeks of
gestation or 4 weeks of age, whichever was later.”>?® The
thumb rule followed was as follows: first screening at 1 month
of postnatal age in babies born at >26 weeks of gestation age
and at 31 weeks of age for others.”

The neonates were fasting for 2 h with instillation of 0.5%
tropicamide with 2.5% phenylephrine eye drops according to
the AIIMS ROP screening protocol?® A 28D and 20D
condensing lens were used for screening.

Hyperglycaemia

As per the routine protocol of the Neonatal Intensive Care Unit
(NICU), the whole blood glucose values were routinely recor-
ded for all the neonates for the first 7 days of life by the finger
prick method.

Other risk factors

Other relevant clinical details such as birthweight, period of
gestation, preterm complications, intrapartum complica-
tions, haemoglobin levels and weight at screening were also
noted.

Data collection

The data collection was conducted based on the International
Classification of Retinopathy of Prematurity (ICROP)*® dia-
grams and associated clinical questionnaire.

Outcome measures

The outcome measure of this study was the onset of ROP or
complete maturation of the retina, whichever was earlier.

Statistical analysis

The statistical analysis was conducted using IBM SPSS Sta-
tistics version 25.0 (2017) and an online tool provided by Dean
AG, Sullivan KM and Soe MM (OpenEpi: Open Source Epide-
miologic Statistics for Public Health, Version. www.OpenEpi.
com, updated 2013/04/06, accessed 2017/11/02).

Results

In the given study period, we conducted ROP screening for a
total of 103 neonates in the neonatal care units of the two
hospitals. The total number of female children was 34 and
male children was 69. Among 103 neonates, 32 were found to
have ROP at different stages (Fig. 1).

There was a larger proportion of males among the study
sample. The number of neonates with ROP was higher in male
sex. However, when adjusted for the sex in the study popu-
lation, it was found that a higher percentage of female neo-
nates were detected with ROP than their male counterparts

(Fig. 1).
Baseline parameters

The baseline parameters of the neonates included in this
study are given in Table 1. The mean gestational age at birth
was 30.282 weeks (+2.0188) and at the time of screening was
34.846 weeks (+2.0782). The mean duration between the birth
and screening was 4 weeks. The neonates had a mean birth-
weight of 1251 gms (+313.1432), with the maximum being
2028.0 gms and minimum being 530.0 gms. The weight of the
neonates during the first screening ranged from 650 gms to
3800 gms, with a mean of 1639.515 gms (+431.5650).

Glycaemic state

The minimum, maximum and mean glucose levels of the
neonate among the readings recorded in the initial 7 days of
life were tabulated separately (Table 1). The mean minimum
glucose level of the cohort was 50.631 mg/dL (+20.69), with the
lowest level being 23 mg/dL and highest level being 128 mg/dL.
The same forms of parameters were drawn for the maximum
glucose readings recorded for each child. The mean of Gmax
was 169.689 mg/dL (+18.7674), with values ranging from 117 to

Neonates with
ROP

Total neonates

® Male ®Female W Male ®Female

Fig. 1 — Frequency of sex among the study sample. ROP,
retinopathy of prematurity.
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Table 1 — Baseline parameters of the screened population.

n = 103 Minimum Maximum Mean Standard deviation
Birth age (weeks) 26.0 35.0 30.282 2.0188
Screened age (weeks) 31.0 43.0 34.846 2.0782
Birthweight (gms) 530.0 2028.0 1251.621 313.1432
Screening weight (gms) 650.0 3800.0 1639.515 431.5650
Oxygen (hrs) 0.0 1344.0 62.379 142.6051
Weight gain (gms/week) —63.00 460.00 90.43 64.50

Gmax (mg/dL) 117.0 270.0 169.689 18.7674

Gmin (mg/dL) 23.0 128.0 50.631 20.6929

Gavg (mg/dL) 76.0 178.8 108.947 16.5258

270 mg/dL. The mean glucose level of each neonate ranged
from 76 mg/dL to 178 mg/dL, with a mean glucose value of
108.947 mg/dL (+16.5258).

Cohort analysis: glycaemic state

The neonates in the study sample were divided into groups
according to the average glucose level in their first 7 days of
life (Gavg). The group with higher Gavg
(mean = 121.66 + 12.71431 mg/dL) had a higher incidence of
ROP (23 of 29 neonates) against the cohort with lower Gavg
(mean = 96.475 + 8.211515 mg/dL), which had only 9 cases of
ROP. This difference was found to be statistically significant
(chi-square test, p = 0.001779, Table 4).

The neonates were also divided into two groups according
to the minimum glucose (Gmin) value recorded in the first
week of life (Table 2). The average value of minimum glucose
in the two groups was 65.37 (+20.37249) mg/dL and 36.17
(+4.36) mg/dL. In the first cohort with the higher value, a total
of 18 neonates were detected to have ROP against the 14 in the
cohort with lower minimum glucose values (chi-square test,
p = 0.1793, Table 4).

Similarly, when the cohort was grouped using the
Gmax (Table 3), it was found that the group with higher
Gmax (mean = 182.70 + 16.041 mg/dL) had a higher inci-
dence of ROP with a total of 18 cases against only 14 cases
in the cohort with a lower Gmax (mean
156.90 + 10.70212 mg/dL). This difference was found to be

Table 2 — 2 x 2 Table: Gmin versus incidence of ROP.

Comparison group Neonates with  Neonates without Total Mean minimum SD
ROP ROP glucose (mg/dL)

Neonates with higher minimum glucose levels (Gmin) 18 33 51 65.37 20.37249

Neonates with lower minimum glucose levels (Gmin) 14 38 52 36.17 4.364389

Total 32 71 103

ROP, retinopathy of prematurity; SD, standard deviation.

Table 3 — 2 x 2 Table: Gmax versus incidence of ROP.

Comparison group Neonates with Neonates without Total Mean maximum SD
ROP ROP glucose (mg/dL)

Neonates with higher maximum glucose levels (Gmax) 18 33 51 182.70 16.041

Neonates with lower maximum glucose levels (Gmax) 14 38 52 156.90 10.70212

Total 32 71 103

ROP, retinopathy of prematurity; SD, standard deviation.

Table 4 — Chi-square and exact measures of association of ROP with Gmin, Gmax and Gavg.

Chi-square and exact measures of association

Risk factor Test Value p value (1-tailed) p value (2-tailed)

High minimum glucose values Uncorrected chi-square 0.8425 0.1793 0.3587
Mantel-Haenszel chi-square 0.8343 0.1805 0.3610

High maximum glucose values Uncorrected chi-square 0.8425 0.1793 0.3587
Mantel-Haenszel chi-square 0.8343 0.1805 0.3610

High average glucose values Uncorrected chi-square 8.496 0.001779 0.003559
Mantel-Haenszel chi-square 8.414 0.001862 0.003724

ROP, retinopathy of prematurity.
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not statistically significant as given in Table 4 (chi-square
test, p = 0.0.1793).

Risk of glycaemic status

The cohort, on distribution into two groups according to Gavg,
Gmin and Gmax, was analysed for the risk of ROP with
different glycaemic states (Table 5). The risk ratio (RR) of the
incidence of ROP in the group with higher levels of Gmin was
found to be 1.311 (confidence interval [CI] = 0.7326, 2.346). The
higher value of Gmax also had a similar RR of 1.311
(CI =0.7326, 2.346). In both cases, the CI spans on either sides
of one, hence statistically non-significant. However, the RR of
incidence of ROP in cases with higher values of Gavg was
found to be 2.506 (CI = 1.287, 4.882). This value is statistically
significant because the RR lies on either sides of 1.

Odds ratio (OR): Glycaemic status

Previous studies comparing hyperglycaemia and ROP were
case—control studies. To facilitate comparison of the current
study with the available literature, OR was required. The OR of
a neonate having ROP with higher Gmin was 1.481 (0.6393,
3.429). The similar OR was found for the values of Gmax. In
both the cases, the correlation was not significant. However,

the OR of a neonate being screened positive for the presence of
ROP in cases with higher Gavg was 3.701 (1.498, 9.142).

Discussion
Definition of hyperglycaemia

The definition of hyperglycaemia in neonates varies highly
depending on the point of care. Various guidelines and articles
have been published to this effect.”'*?>° The upper limit values
for normal blood glucose levels have been determined by the
study and formulated into guidelines, which range from
119 mg/dL to 150 mg/dL. It seems that because of this
disparity, various studies looking into the association of
hyperglycaemia and ROP have generated their cut-off levels of
euglycaemia from their own inherent sample.®?%?3:26:27,3031
In our study, the level of blood glucose defined as hyper-
glycaemia is generated from the cohort of neonates being
studied. The values were arranged in an ascending order, and
the cohort was divided into two groups with high and low
glucose levels. This process was followed by the test of sta-
tistical significance in the difference of means in these groups,
which showed that these two groups were indeed statistically
different in terms of their blood sugar values. The values
encountered in our study are tabulated in Table 6.

Table 5 — Risk-based estimates of Gmin, Gmax and Gavg for the onset of ROP.

Point estimates

Confidence limits

Risk factor Type Value Lower, upper
High minimum glucose values (Gmin) Risk in exposed 35.29% 23.6, 49.05
Risk in unexposed 26.92% 16.67, 40.35
Overall risk 31.07% 22.92, 40.57
Risk ratio 1.311 0.7326, 2.346
Risk difference 8.371% —9.443, 26.18
High maximum glucose values (Gmax) Risk in exposed 35.29% 23.6, 49.05
Risk in unexposed 26.92% 16.67, 40.35
Overall risk 31.07% 22.92, 40.57
Risk ratio 1.311 0.7326, 2.346
Risk difference 8.371% —-9.443, 26.18
High average glucose values (Gmax) Risk in exposed 44.23% 31.59, 57.67
Risk in unexposed 17.65% 9.344, 30.48
Overall risk 31.07% 22.92, 40.57
Risk ratio 2.506 1.287, 4.882
Risk difference 26.58% 9.506, 43.66

ROP, retinopathy of prematurity.

Table 6 — Blood glucose levels in the cohort of neonates (n = 103).

Quantification of glucose values Study cohort Mean value (mg/dL) SD Cut-off values used
Minimum blood glucose value (Gmin) High 65.37 20.37249 >= 43 mg/dL
Low 36.17 4.364389 < 43 mg/dL
Maximum blood glucose value (Gmin) High 182.70 16.041 >= 172 mg/dL
Low 156.90 10.70212 < 172 mg/dL
Mean blood glucose value (Gavg) High 121.66 12.71431 >=107.5 mg/dL
Low 96.475 8.211515 < 107.5 mg/dL

ROP, retinopathy of prematurity; SD, standard deviation.
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Table 7 — A review of previous studies looking into the relation between hyperglycaemia and ROP compared with the
current study (OR).

Study Total sample size Odds ratio Remarks

Current study 103 3.701 Correlation with Gavg
Carina et al. (2017)*? 310 1.022

Ahmadpour-Kacho et al. (2014)** 75 1.03 Adjusted OR of glucose level
Liu et al. (2014)” 53 Not specified Significant by chi-square test
Mohsen et al (2014)** 36 1.77

Mohamed et al. (2013)** 582 1.073 Adjusted OR of duration
Van der Merwe, S K et al (2013) *® 160 Not specified Casual association
Chavez-Valdez et al (2011) ** 114 Not specified Casual association

Bozdag et al (2011) ** 167 3.26 Adjusted OR of duration
Heimann et al (2007) *° 252 Not specified

Ertl et al (2006) ** 201 Not specified

Garg et al. (2003)™° 47 1.10

OR, odds ratio.

Retinopathy of prematurity (ROP) and
hyperglycaemia

Several studies have been conducted to assess the contribu-
tion of hyperglycaemia as a risk factor of ROP in various
different methodologies.”?>?*3? These studies were conduct-
ed in the form of case—control studies. One of the first studies
on the association with hyperglycaemia was undertaken by
Garg et al.® in the year 2003 with a sample of 16 neonates at a
single centre. In this study, the author described the effects of
glucose levels in terms of the minimum, maximum and
average values of the neonate in the first month of life and
arrived at the conclusion that there exists a significant rela-
tion between incidence of ROP and the maximum as well as
the average glucose values of the neonates.® In our study, we
found a statistically significant association between Gavg and
the incidence of ROP.

Hence, it can be inferred that the findings of this study is
in accordance with the previous studies conducted on this
aspect in different regions of the globe. The management
pattern of the neonate in the intensive care unit varies ac-
cording to the local guidelines and policies. However, the
relation between hyperglycaemia and ROP is significant
across these differences (Table 7). The neonates with a higher
average glucose level in their first week of life stand at higher
odds of developing ROP compared with those neonates with
lower average blood glucose levels (OR = 3.701, CI = 1.498,
9.142). The glycaemic state of the neonate depends of various
factors such as prematurity, use of total parenteral nutrition,
congenital abnormalities, steroid use and so on.’° However,
it can be said with statistical significance that there is a need
to screen the neonates with higher average blood glucose
values more frequently and earlier to provide an early
intervention.

Study limitations

ROP being a disease of prematurity, its incidence coexists with
other problems of prematurity such as very low birth weight

(VLBW), apnoea, metabolic disturbances and so on. Hyper-
glycaemia in itself might be an outcome of extreme prema-
turity. These factors confound the exclusivity of
hyperglycaemia as a risk factor of ROP. Owing to the small
sample size, it is not feasible to achieve statistical significance
with adjustment for known confounding factors.

Summary
The findings of this study are summarised as follows:

e A cohort of 103 neonates was screened during the study
period.

e Thirty-two neonates were found to have developed ROP
during screening.

o A higher average blood glucose value during the first week
of life is a predictor for the onset of ROP. These infants are at
higher risk of developing ROP. The minimum blood sugar
values of the neonate recorded during the initial first week
of life are not a significant predictor of the onset of ROP.

Conclusion

Hyperglycaemia in neonates is multifactorial, thus is ROP.
Many of these risk factors such as prematurity, LBW/VLBW,
intraventricular haemorrhage, sepsis, congenital defects,
mechanical ventilation and parenteral nutrition contribute to
both ROP and hyperglycaemia. This study failed to gather
enough statistical data to independently imply hyper-
glycaemia as a risk factor for ROP. Analysis of hyperglycaemia
as an independent risk factor requires further study, and a
standardisation of the definition of hyperglycaemia in neo-
nates is needed.

However, it is imperative to screen neonates with higher
average blood glucose levels proactively for ROP because this
disease is a blinding condition without timely intervention.
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