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IMPORTANCE The prognostic impact of parenteral nutrition duration (PND) on retinopathy of
prematurity (ROP) is not well studied. Safe prediction models can help optimize ROP
screening by effectively discriminating high-risk from low-risk infants.

OBJECTIVE To evaluate the prognostic value of PND on ROP; to update and validate the
Digital ROP (DIGIROP) 2.0 birth into prescreen and screen prediction models to include all
ROP-screened infants regardless of gestational age (GA) and incorporate PND; and to
compare the DIGIROP model with the Weight, IGF-1, Neonatal, and ROP (WINROP) and
Postnatal Growth and ROP (G-ROP) models.

DESIGN, SETTING, AND PARTICIPANTS This retrospective study included 11 139 prematurely
born infants from 2007 to 2020 from the Swedish National Registry for ROP. Extended
Poisson and logistic models were applied. Data were analyzed from August 2022 to February
2023.

MAIN OUTCOMES AND MEASURES Any ROP and ROP requiring treatment were studied in
relation to PND. ROP treatment was the outcome in DIGIROP models. Sensitivity, specificity,
area under the receiver operating characteristic curve, and adjusted OR (aOR) with 95% CI
were the main measures. Internal and external validations were performed.

RESULTS Of 11 139 screened infants, 5071 (45.5%) were girls, and the mean (SD) gestational
age was 28.5 (2.4) weeks. ROP developed in 3179 infants (29%), treatment was given in 599
(5%), 7228 (65%) had PND less than 14 days, 2308 (21%) had PND for 14 days or more, and
1603 (14%) had unknown PND. PND was significantly correlated with ROP severity
(Spearman r = 0.45; P < .001). Infants with 14 days or more of PND vs less than 14 days had
faster progression from any ROP to ROP treatment (adjusted mean difference, −0.9 weeks;
95% CI, −1.5 to −0.3; P = .004). Infants with PND for 14 days or more vs less than 14 days had
higher odds of any ROP (aOR, 1.84; 95% CI, 1.62-2.10; P < .001) and of severe ROP requiring
treatment (aOR, 2.20; 95% CI, 1.73-2.80; P < .001). Among all 11 139 infants, the DIGIROP 2.0
models had 100% sensitivity (95% CI, 99.4-100). The specificity was 46.6% (95% CI,
45.6-47.5) for the prescreen model and 76.9% (95% CI, 76.1-77.7) for the screen model.
G-ROP as well as the DIGIROP 2.0 prescreen and screen models showed 100% sensitivity on
a validation subset (G-ROP: sensitivity, 100%; 95% CI, 93-100; DIGIROP prescreen:
sensitivity, 100%; 95% CI, 93-100; DIGIROP screen: sensitivity, 100%; 95% CI, 93-100),
whereas WINROP showed 89% sensitivity (95% CI, 77-96). Specificity for each prediction
model was 29% (95% CI, 22-36) for G-ROP, 38% (95% CI, 32-46) for DIGIROP prescreen,
53% (95% CI, 46-60) for DIGIROP screen at 10 weeks, and 46% (95% CI, 39-53) for WINROP.

CONCLUSION AND RELEVANCE Based on more than 11 000 ROP-screened infants born in
Sweden, PND of 14 days or more corresponded to a significantly higher risk of having any
ROP and receiving ROP treatment. These findings provide evidence to support consideration
of using the updated DIGIROP 2.0 models instead of the WINROP or G-ROP models in the
management of ROP.
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R etinopathy of prematurity (ROP) is a multifactorial eye
disease and a major cause of visual impairment in
children.1 Worldwide, ROP screening examinations de-

tect and monitor the disease until it regresses or progresses to
severe ROP needing treatment.2

The most prominent risk factors for ROP are low gesta-
tional age (GA), low birth weight (BW), low early serum insu-
linlike growth factor-1 (IGF-1), poor early weight gain, fluctu-
ating oxygen concentrations, infections, and comorbidities.3

More parenteral nutrition and less human milk have also been
identified as risk factors.4 Enteral nutrition, particularly with
mother’s milk shortly after birth, promotes intestinal devel-
opment and stimulates the cultivation of a healthier gut mi-
crobiome that is associated with lower risk of ROP.5,6 Like-
wise, early attainment of full enteral nutrition is related to lower
ROP risk.7-9 Although life-saving for many infants, longer ex-
posure to and higher volume of parenteral nutrition increase
the risk of infections and reduce nutrient absorption in the
premature baby.10

Developed in Sweden, the Weight, IGF-1, Neonatal, and
ROP (WINROP) model was, to our knowledge, the first ROP pre-
diction model proposed to identify high-risk and low-risk
infants.11,12 It was simplified to include only GA, sex, and weekly
weight gain. The Postnatal Growth and ROP (G-ROP) model,
developed on approximately 7500 infants from the US and
Canada, includes GA, BW, hydrocephalus, and weight gain for
days 10 to 19, 20 to 29, and 30 to 39.13,14 Further, we devel-
oped and validated 2 prediction models for ROP treatment
based on approximately 7000 Swedish infants born at 24 to
30 weeks’ GA.15-19 The Digital ROP (DIGIROP) birth model in-
cludes GA, sex, and standardized BW. Additionally, the tim-
ing for the first ROP diagnosis is included in DIGIROP screen
model. Both models were developed to require 100% sensi-
tivity. The DIGIROP birth model showed specificity of approxi-
mately 50% and the DIGIROP screen model up to approxi-
mately 80% during screening. In a contemporary Swedish
cohort, approximately 50% specificity at birth was main-
tained, but 4 infants with severe comorbidities of 57 with ROP
treatment were identified as not needing ROP screening.19

Inclusion of a clinical variable representing infants’ comor-
bidity was warranted.

Therefore, we evaluated the prognostic value of paren-
teral nutrition duration (PND) on ROP in this study. Further-
more, DIGIROP prediction models for ROP treatment and their
clinical decision support tool were updated to include all ROP-
screened infants regardless of GA and to incorporate an early
cutoff for PND as well as to perform internal and external vali-
dation. Additionally, the DIGIROP outcomes were compared
with those of WINROP and G-ROP.

Methods
Ethics
The Swedish Ethical Review Authority approved this study (Dnr
2019-02321; amendment for study extension 2007-2025 Dnr
2022-02656-02). Ethical approval was available for data
extraction from the Swedish National Registry for ROP

(SWEDROP) until December 31, 2025 (Dnr 2021-05134, based
on Dnr 2010-117 and Dnr 2010-117/2). Parents/guardians were
given the opportunity to opt out of the registry after having
received the information about SWEDROP orally and in writ-
ing. This study followed the Transparent Reporting of a Mul-
tivariable Prediction Model for Individual Prognosis or Diag-
nosis (TRIPOD) reporting guideline and the Prediction Model
Study Risk of Bias Assessment Tool (PROBAST) instrument.20-22

Study Population
The study population included infants born from 2007 to 2020
and registered in SWEDROP (N = 11 178).23 SWEDROP collects in-
formation from prematurely born infants examined for ROP
either routinely (ie, initially with a GA of less than 32 weeks, from
2012 with a GA of less than 31 weeks, and from 2020 with a GA
of less than 30 weeks) or by indication.24,25 Using unique per-
sonal identification numbers, SWEDROP was linked to Swed-
ish Neonatal Quality Register to obtain PND.26 Any mismatch
of infants’ GA between the 2 registers as well as any other miss-
ing or questioned data were checked in the medical records.

A total of 39 infants (0.3%) with missing BW data were
excluded. In total, 11 139 infants were included (Figure 1).

Figure 1. Study Flowchart

11 178 Enrolled in SWEDROP from 2007-2020

11 139 Included in the parenteral nutrition analysis

39 Excluded because of missing
birth weight data

8814 Included in the model 
development cohort
(January 2007-June 2017)
447 Treated for ROP

2325 Included in the temporal 
validation cohort
(July 2017-December 2020)
152 Treated for ROP

249 Included in the WINROP and 
G-ROP cohorts
54 Treated for ROP

G-ROP indicates Postnatal Growth and ROP; ROP, retinopathy of prematurity;
SWEDROP, Swedish National Registry for ROP; WINROP, Weight, IGF-1,
Neonatal, and ROP.

Key Points
Question Does parenteral nutrition duration improve the
sensitivity and maintain high specificity of DIGIROP models in
predicting retinopathy of prematurity (ROP) treatment?

Findings In this prognostic study, among 11 139 ROP-screened
Swedish infants with 14 or more vs less than 14 days of parenteral
nutrition, 64.0% vs 18.5%, respectively, had any ROP and 18.1% vs
1.6% had ROP treatment. DIGIROP 2.0 models were updated to
include all ROP-screened infants regardless of gestational age and
presented a 100% sensitivity, high specificity, and superiority to
WINROP and G-ROP models.

Meaning The validated DIGIROP 2.0 decision support tool is
suggested to be an efficient individual prediction tool for safe
release of infants from unnecessary ROP screening examinations.
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Model Development Cohort for DIGIROP 2.0
The model development cohort included 8814 infants born
from January 1, 2007, to June 30, 2017.

Temporal Validation Cohort for DIGIROP 2.0
The temporal validation cohort included 2325 infants born from
July 1, 2017, to December 31, 2020.

WINROP and G-ROP Validation Cohort
For 249 infants born from July 1, 2017, to December 31, 2020,
who were routinely screened and/or treated at the Queen
Silvia Children’s Hospital in Gothenburg, Sweden, weekly
weights were obtained from medical records to validate
WINROP and G-ROP models and compare their predictive
ability with DIGIROP models.

Study Procedures
The postnatal age (PNA), postmenstrual age, and GA (by fetal
ultrasonography) were defined per the American Academy of
Pediatrics policy.27 BW SD scores (BWSDS) were calculated in
infants with a GA of 24 weeks or more using the Swedish ref-
erence of approximately 800 000 singletons born from 1990
to 1999.28

Study Outcomes and Predictors
The outcomes related to PND were any ROP, defined by the In-
ternational Classification of ROP, and ROP treatment, as per
the Early Treatment for ROP criteria, or based on the examin-
ing ophthalmologist’s assessment.29,30 The outcome for pre-
diction models was ROP treatment.

PND reflects the number of days with parenteral protein
and lipid supplementation. According to national and Euro-
pean guidelines, parenteral nutrition is initiated as early as pos-
sible after birth and is gradually increased during the follow-
ing 3 to 4 days.31,32 Enterally, infants in Sweden receive mother’s
own milk from day 1, if available, or otherwise pasteurized
donor milk, increasing to an enteral target volume of 160 to
180 mL/kg per day depending on the infant’s feeding toler-
ance. Healthy infants are expected to reach this target during
the first 2 weeks postnatally.

Predictors used for development of the DIGIROP 2.0 pre-
screen model were GA, sex, BW, PND (less than 14 days, 14 days
or more, or unknown), and important interactions. The
DIGIROP 2.0 screen model included, similar to the original pub-
lication, the log-odds of the DIGIROP 2.0 prescreen model risk
estimates (that includes PND), the age and presence or not of
first detection of ROP at screening occasion, and important
interactions.

Statistical Analysis
Descriptively, continuous variables were presented as means
and SDs or medians and ranges, and categorical variables were
presented as counts and percentages. Between-groups Fisher
exact tests were used for dichotomous variables, Mantel-
Haenszel χ2 trend tests for ordered categorical variables, and
Mann-Whitney U tests for continuous variables. Spearman cor-
relation was used to study correlations between ROP severity
and PND.

To identify an early cutoff of PND, receiver operating char-
acteristic analysis was performed. The cutoffs investigated
were at 7 to 28 days of PND, which were considered as mean-
ingful for an early prediction of ROP treatment. The selected
cutoff at 14 days had the highest area under the receiver op-
erating characteristic curve (AUC) and maximized sensitivity
and specificity (Youden index). The associations between PND
and ROP were studied using logistic regression adjusting for
GA, BW, and sex. Odds ratios (ORs), adjusted ORs (aORs), and
95% CI were calculated. In addition, risk differences were de-
scribed in crude absolute terms using Meittinen-Nurminen
95% confidence limits.

The DIGIROP 2.0 prescreen model was developed
including all ROP-screened infants using extended Poisson
regression.17,33-35 The first model included variables from the
DIGIROP 1.0 birth model, which was extended by including
categorized PND and important interactions, and therefore
renamed to the DIGIROP 2.0 prescreen model. The selected
model had the lowest Akaike information criterion value.
The parameter estimate, standard error, hazard ratio with
95% CIs, and P value were presented. The estimated prob-
ability for ROP treatment was calculated as 1 − survival prob-
ability. Survival probability was obtained by exp(−H[t]) and
H(t) by numerical integration of the hazard function for 20
follow-up weeks.

The DIGIROP 2.0 screen model was developed including
all ROP-screened infants using logistic regression models for
PNA from 6 to 14 weeks. The same variables as those in-
cluded in the original publication were used.18

The models’ predictive ability was described by sensi-
tivity, specificity, cumulative specificity, positive predictive
value, negative predictive value, accuracy, and AUC. For the
DIGIROP screen model, the specificity for each week from
weeks 6 to 14 was based on the number of infants dis-
charged from ROP examinations that week or previously
and was termed cumulative specificity. Calibration plots and
Hosmer-Lemeshow test were performed to evaluate
observed vs estimated probabilities. Internal validation of
the models was performed using 10-fold cross-validation.
External validation was performed on a temporally different
Swedish cohort to evaluate the models’ transportability in
time. The model’s sensitivity and specificity were compared
with the WINROP model (2006 to 2009) and G-ROP model
(2018 to 2020) in a subset of infants from the temporal vali-
dation cohort.12,14 Superiority was evaluated by first com-
paring sensitivity, requiring achievement of 100%. Then,
the Sign test was used to demonstrate superiority of one
method over the other considering specificity. To obtain
weights for postnatal days 10, 19, 20, 29, 30, and 39 in the
G-ROP model, linear interpolation was applied. In case of
missing data, the infant was deemed to need screening for
both WINROP and G-ROP.

All tests were 2-sided. The significance level was P < .05.
No adjustment for multiple comparisons was made. Only
positive associations between PND and ROP were to be dem-
onstrated. All analyses were performed using SAS software
version 9.4 (SAS Institute) and R version 4.2.0 (The R Foun-
dation).
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Results

Study Population
Of 11 139 infants included in the study, 5071 (45.5%) were girls,
the mean (SD; range) GA was 28.5 (2.4; 21.9-39.4) weeks, the
mean (SD) BW was 1172 (384) g, and the mean (SD) BWSDS was
−1.11 (1.44). Any ROP was observed in 3179 infants (28.5%), and
the median (range) time of first ROP diagnosis was 8.4 (0.9-
24.7) weeks. There were 599 infants (5.4%) treated for ROP,
with a median (range) first ROP treatment provided at 12.6 (6.3-
28.3) weeks (Table 1).

The model development cohort for DIGIROP 2.0 models
included 8814 infants (79.1%), and the temporal validation co-
hort included 2325 (20.9%). Compared with the model devel-
opment cohort, more infants in the temporal validation co-
hort had lower GA (mean [SD] GA, 28.0 [2.3] vs 28.6 [2.4]
weeks), lower BW (mean [SD] BW, 1096 [356] vs 1192 [389] g),
had any ROP (763 [32.8%] vs 2416 [27.4%]), and received ROP
treatment (152 [6.5%] vs 447 [5.1%]) (Table 1).

PND and ROP
Among the whole cohort, infants received a mean (SD) of
10.8 (16.7) days of PND. A total of 7228 infants (64.9%)
received PND for less than 14 days, 2308 (20.7%) received
PND for 14 days or more, and 1603 (14.4%) had unknown
PND (Table 1). The proportion of infants with 14 days or
more days of PND and number of days on parenteral nutri-
tion increased gradually with ROP severity (Spearman
r = 0.45; P < .001) (Figure 2A).

Compared with those with PND less than 14 days, infants
with PND for 14 days or more had lower GA (mean [SD], 26.2
[2.1] vs 29.2 [1.9] weeks), lower BW (mean [SD], 847 [303] vs
1268 [349] g), more infants had any ROP (1477 [64.0%] vs 1340
[18.5%]), and more had treated ROP (418 [18.1%] vs 115 [1.6%])
(Table 1). Overall and GA-stratified data are presented in
Figure 2B and C and eFigure 1 in Supplement 1.

Disease progression from the first detection of ROP to first
ROP treatment was faster in infants receiving PND for 14 days
or more compared with less than 14 days (median [range], 3.0
[0-19.1] vs 4.3 [0.1-15.9] weeks; GA-adjusted mean differ-
ence, −0.9; 95% CI, −1.5 to −0.3; P = .004) (Table 1).

After adjustment for GA, BW, and sex, longer PND was
associated with more ROP of any stage (aOR per 1-week in-
crease, 1.16; 95% CI, 1.13-1.20; P < .001) (Table 2). The AUC for
PND alone was 0.77. Categorized, PND of 14 or more days vs
less than 14 days showed an aOR of 1.84 (95% CI, 1.62-2.10;
P < .001) for any ROP. The absolute risk difference was 45%
(95% CI, 43-48).

PND was statistically significantly associated with ROP
treatment (aOR per 1-week increase, 1.12; 95% CI, 1.09-1.15;
P < .001) (Table 2). The AUC for PND alone was 0.83. Infants
with PND for 14 days or more had significantly more ROP treat-
ment than those with less than 14 days (aOR, 2.20; 95% CI, 1.73-
2.80; P < .001). The absolute risk difference was 17% (95% CI,
15-18). Similar conclusions were drawn for the model devel-
opment and temporal validation cohorts (eTables 1 and 2 in
Supplement 1).

Update of the DIGIROP 2.0 Prescreen Prediction Model
for ROP Treatment Including PND
In the DIGIROP 2.0 prescreen model, BWSDS was replaced by
BW, including all ROP-screened infants. Categorized PND (less
than 14 days, 14 days or more, and unknown) was added to cap-
ture high-risk infants who cannot be captured given only GA,
BW, and sex. The interaction between sex and PND was sig-
nificant (eFigure 2 in Supplement 1), showing more or similar
ROP treatment received by girls compared with boys among
infants who received 14 days or more of PND, as opposed to
those who received less than 14 days of PND, where girls needed
ROP treatment less than boys. The final model is presented in
eTable 3 in Supplement 1 and the estimated probabilities in
eFigure 3 in Supplement 1. The model was well calibrated
(Hosmer-Lemeshow test, P = .57) (eTable 3 in Supplement 1),
and the calibration plot of observed vs estimated probabili-
ties well distributed around the diagonal (eFigure 4 in Supple-
ment 1). The AUC was 0.93. Given the required 100% (95% CI,
99.2-100) sensitivity, the specificity was 48.5% (95% CI, 47.4-
49.5) (Figure 3). The percentage of infants discharged from
screening by GA is given in eFigure 5A in Supplement 1.

Internal and External Validation of the DIGIROP 2.0
Prescreen Prediction Model for ROP Treatment
Including PND
Internal validation using cross-validation showed a specific-
ity of 47.4% (eFigure 6 in Supplement 1). The obtained sensi-
tivity on the temporally different Swedish validation cohort
was 100% (95% CI, 97.6-100) and the specificity was 39.4%
(95% CI, 37.3-41.5) (Figure 3A). The lower specificity in the vali-
dation cohort was secondary to lower GA due to increased sur-
vival of more immature infants and fewer infants with a GA
of 30 weeks (93 of 2325 [4.0%] vs 1376 of 8814 [15.6%]) (Table 1).
Considering the total population, the specificity was 46.6%
(95% CI, 45.6-47.5).

In the temporal validation cohort, 118 of 337 infants (35.0%)
born at 28 weeks’ GA could be discharged, 288 of 463 (62.2%)
born at 29 weeks’ GA could be discharged, 374 of 420 (89.0%)
born at 30 weeks’ GA could be discharged, and 52 of 93 (55.9%)
born at 31 weeks’ GA or later (compared with 1116 of 1376 [81.1%]
in the model development cohort born at 31 weeks’ GA or later)
(eFigure 5 in Supplement 1). No infants born at 24 weeks’ GA
or less were discharged.

Update of the DIGIROP 2.0 Screen Prediction Model for ROP
Treatment Including PND in the Risk Estimates (Log-Odds)
From DIGIROP 2.0 Prescreen Model
The final logistic models for the DIGIROP 2.0 screen model, one
per each PNA week 6 to 14, are presented in eTable 4 in Supple-
ment 1. The AUC ranged between 0.93 and 0.95. Hosmer-
Lemeshow test (eTable 4 in Supplement 1) and calibration plot
(eFigure 7A in Supplement 1) reported well-calibrated models.
TheGA-specificcutoffsarepresentedineTable5inSupplement1.
For the required 100% sensitivity, the specificity increased from
44.9% (95% CI, 43.8-46.0) to 75.9% (95% CI, 75.0-76.9) and cu-
mulative specificity from 48.6% (95% CI, 47.5-49.7) to 78.0%
(95% CI, 77.1-78.9) for PNA 6 to 14 weeks (eTable 6 and eFigure 8
in Supplement 1; Figure 3A).
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Table 1. Infant Characteristics by Model Cohorts and by Parenteral Nutrition Duration (PND)

Characteristic

No. (%)

Total
(N = 11 139)

Model cohort PND
Development
(n = 8814)a

Validation
(n = 2325)b P valuec

<14 d
(n = 7228)

≥14 d
(n = 2308) P valuec

Unknown
(n = 1603)

Gender

Boys 6068 (54.5) 4806 (54.5) 1262 (54.3)
.83

3869 (53.5) 1270 (55.0)
.21

929 (58.0)

Girls 5071 (45.5) 4008 (45.5) 1063 (45.7) 3359 (46.5) 1038 (45.0) 674 (42.0)

Gestational age, wk

Mean (SD) 28.5 (2.4) 28.6 (2.4) 28.0 (2.3)
<.001

29.2 (1.9) 26.2 (2.1)
<.001

28.7 (2.3)

Median (range) 28.9
(21.9-39.4)

29.0
(21.9-39.4)

28.4
(22.1-35.9)

29.4
(21.9-39.4)

26.0
(21.9-35.0)

29.1
(22.1-36.1)

<24 474 (4.3) 343 (3.9) 131 (5.6)

<.001

80 (1.1) 337 (14.6)

<.001

57 (3.6)

24-30 9196 (82.5) 7095 (80.5) 2101 (90.4) 6029 (83.4) 1931 (83.7) 1236 (77.1)

≥31 1469 (13.2) 1376 (15.6) 93 (4.0) 1119 (15.5) 40 (1.7) 310 (19.3)

Birth weight, g

Mean (SD) 1172 (384) 1192 (389) 1096 (356)
<.001

1268 (349) 847 (303)
<.001

1207 (387)

Median (range) 1164
(307-3540)

1186
(307-3245)

1095
(340-3540)

1260
(382-3245)

786
(307-3540)

1205
(370-2695)

Birth weight SDS

Mean (SD) −1.11 (1.44) −1.10 (1.43) −1.17 (1.49)

.14

−1.08 (1.40) −1.24 (1.61)

.02

−1.13 (1.43)

Median (range) −0.8
(−9.1 to 5.4)

−0.8
(−9.1 to 4.9)

−0.8
(−6.9 to 5.4)

−0.8
(−8.1 to 4.9)

−0.9
(−9.1 to 5.4)

−0.8
(−8.7 to 4.0)

Missing data, No. 474 343 131 80 337 57

Any ROP 3179 (28.5) 2416 (27.4) 763 (32.8) <.001 1340 (18.5) 1477 (64.0) <.001 362 (22.6)

Maximum ROP stage

No ROP 7960 (71.5) 6398 (72.6) 1562 (67.2)

<.001

5888 (81.5) 831 (36.0)

<.001

1241 (77.4)

Stage 1 956 (8.6) 715 (8.1) 241 (10.4) 559 (7.7) 290 (12.6) 107 (6.7)

Stage 2 not treated 1102 (9.9) 874 (9.9) 228 (9.8) 492 (6.8) 479 (20.8) 131 (8.2)

Stage 3 not treated 521 (4.7) 379 (4.3) 142 (6.1) 174 (2.4) 289 (12.5) 58 (3.6)

Stage 5 not treated 1 (0.0) 1 (0.0) 0 0 1 (0.0) 0

Treated ROP 599 (5.4) 447 (5.1) 152 (6.5) 115 (1.6) 418 (18.1) 66 (4.1)

PNA at first ROP diagnosis, wk

Mean (SD) 8.6 (2.3) 8.5 (2.3) 8.6 (2.3)

.23

7.9 (2.2) 9.2 (2.2)

<.001

8.6 (2.4)

Median (range) 8.4
(0.9-24.7)

8.3
(1.3-24.7)

8.6
(0.9-17.6)

7.6
(0.9-17.6)

9.0
(4.0-24.7)

8.3
(4.1-17.3)

Missing data, No. 7960 6398 1562 5888 831 1241

PNA at first ROP treatment, wk

Mean (SD) 13.0 (3.0) 12.9 (2.9) 13.2 (3.3)

.64

13.5 (3.1) 12.9 (3.0)

.04

12.9 (2.9)

Median (range) 12.6
(6.3-28.3)

12.4
(6.3-28.3)

12.6
(7.7-26.3)

12.9
(6.3-24.3)

12.4
(7.0-28.3)

12.5
(7.9-19.9)

Missing data, No. 10 540 8367 2173 7113 1890 1537

Time between first ROP
diagnosis and treatment, wk

Mean (SD) 3.9 (3.0) 3.9 (2.8) 3.8 (3.3)

.50

4.9 (3.1) 3.6 (2.9)

<.001d

3.8 (2.8)

Median (range) 3.1
(0.0-19.1)

3.3
(0.1-18.9)

3.1
(0.0-19.1)

4.3
(0.1-15.9)

3.0
(0-19.1)

3.2
(0.1-11.6)

Missing data, No. 10 540 8367 2173 7113 1890 1537

Time of parenteral nutrition, d

Mean (SD) 10.8 (16.7) 9.9 (15.8) 13.7 (18.9)

<.001

4.4 (4.2) 30.8 (23.9)

<.001

NA

Median (range) 6 (0-279) 5 (0-279) 9 (0-257) 4 (0-13) 23 (14-279) NA

Missing data, No. 1603 1569 34 0 0 NA

Abbreviations: NA, not applicable; PNA, postnatal age; ROP, retinopathy of
prematurity; SDS, standard deviation score.
a The development cohort included Swedish National Registry for ROP data

collected from January 1, 2007, to June 30, 2017.
b The temporal validation cohort included Swedish National Registry for ROP

data collected from July 1, 2017, to December 31, 2020.

c For between-group tests, Fisher exact test was used for dichotomous
variables, Mantel-Haenszel χ2 trend test for ordered categorical variables, and
Mann-Whitney U test for continuous variables.

d Significant also after adjustment for gestational age (−0.9; 95% CI, −1.5 to
−0.3; P = .004).
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Figure 2. Percentage of Infants With Parenteral Nutrition Duration (PND) of 14 Days or More by Retinopathy of Prematurity (ROP) Severity
and ROP Treatment by PND and Gestational Age
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A, Mean duration of parenteral nutrition is provided by ROP severity. Error bars indicate 95% CIs. B, Infants with ROP treatment are presented per PN duration
category. C, Infants with ROP treatment are presented per PND category for different gestational ages.

Table 2. Unadjusted and Adjusted Logistic Regression for Any Retinopathy of Prematurity (ROP) and ROP Treatment Studying Parenteral Nutrition
(PN) as the Main Association Variable

Outcome
Events,
No. (%)

Unadjusted Adjusted for GA, BW, and sex

OR (95% CI) P value AUC aOR (95% CI) P value AUC
Any ROP

Duration of PN (per 1-wk increase) NA 1.74 (1.68-1.80) <.001 0.77 1.16 (1.13-1.20) <.001 0.87

Duration of PN (dichotomized), d

<14 1340 (18.5) 1 [Reference] NA

0.69

1 [Reference] NA

0.87≥14 1477 (64.0) 7.81 (7.04-8.66) <.001 1.84 (1.62-2.10) <.001

Unknown 362 (22.6) 1.28 (1.12-1.46) .002 0.87 (0.74-1.02) .08

ROP treatment

Duration of PN (per 1-wk increase) NA 1.36 (1.32-1.39) <.001 0.83 1.12 (1.09-1.15) <.001 0.93

Duration of PN (dichotomized), d

<14 115 (1.6) 1 [Reference] NA

0.78

1 [Reference] NA

0.93≥14 418 (18.1) 13.68 (11.06-16.92) <.001 2.20 (1.73-2.80) <.001

Unknown 66 (4.1) 2.66 (1.95-3.61) <.001 1.40 (1.00-1.97) .05

Abbreviations: aOR, adjusted odds ratio; AUC, area under the receiver operating characteristic curve; BW, birth weight; GA, gestational age; NA, not applicable;
OR, odds ratio.
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Internal and External Validation of the DIGIROP 2.0 Screen
Prediction Model for ROP Treatment Including PND
in the Risk Estimates (Log-Odds) From the DIGIROP 2.0
Prescreen Model
Internal validation using cross-validation showed similar re-
sults to those obtained in the main analysis (eFigure 6 in Supple-
ment 1). The models were well-calibrated on the external vali-
dation cohort (eFigure 7B in Supplement 1). The sensitivity was
100% for all PNA weeks (eTable 6 in Supplement 1). The speci-
ficity ranged between 35.1% (95% CI, 33.1-37.1) and 69.8% (95%
CI, 67.8-71.7), and cumulative specificity between 39.5% (95%
CI, 37.5-41.6) and 72.4% (95% CI, 70.5-74.3) (eFigure 8 in Supple-
ment 1; Figure 3A). Considering the total population, the cu-
mulative specificity increased from 46.6% (95% CI, 45.6-47.5)
to 76.9% (95% CI, 76.1-77.7). Bar graphs representing the per-
centage of infants discharged from screening by GA are shown
in eFigure 5 in Supplement 1.

DIGIROP 2.0 Clinical Decision Support Tool Including PND
Compared With WINROP and G-ROP
Validation of WINROP and G-ROP was performed including 249
infants, including 54 (21.7%) needing ROP treatment. Infants

with missing weight (WINROP, 33 of 249 [13.3%]; G-ROP, 23
of 249 [9.2%]) were deemed needing screening. The DIGIROP
models and G-ROP criteria were superior to WINROP consid-
ering sensitivity, and for specificity, DIGIROP models were
superior to G-ROP criteria (Figure 3B).

Discussion
Including all Swedish ROP-screened infants regardless of GA
in the SWEDROP from 2007 to 2020, we showed a strong
prognostic value of days of parenteral nutrition on any ROP
and ROP needing treatment. After adjustment, infants with
14 days or more of PND had 84% higher odds of any ROP
and 120% higher odds of ROP treatment than those with
less than 14 days PND. Including GA, BW, sex, PND, and sta-
tus and age at the first ROP diagnosis, DIGIROP 2.0 predic-
tion models were updated and validated into a safe (sensi-
tivity, 100%; 95% CI, 99-100) clinical decision support tool
with a specificity of 47% (95% CI, 46-48) to 77% (95% CI,
76-78) that could be applied by physicians using the online
application.15

Figure 3. Sensitivity and Specificity for the DIGIROP 2.0 Prescreen and Screen Models Including Parenteral
Nutrition Duration (Cumulatively Over Postnatal Age [PNA] Models) and for WINROP, G-ROP, and the DIGIROP
2.0 Prescreen and Screen Models on a Subset of Temporal Validation Cohort
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from Binenbaum et al.14 The DIGIROP
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screening data with equally long time,
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Vanhaesebrouck and colleagues36 showed in 2008 among
412 infants (26% ROP treatment) that PND, GA, BW, and length
of oxygen were independent predictors for any ROP. Niwald
et al37 showed that PND for more than 10 days was a predictor
for ROP needing treatment among 118 infants. Petrachkova
et al38 developed a prognostic model for type 1 ROP (69 in-
fants; 42% with type 1 ROP), with PND for more than 13 days
being one of the significant predictors. Interestingly, the same
cutoff for PND was selected as that in our cohort including more
than 11 000 infants. We investigated days 7 to 28 to enable early
prognosis; a 14-day cutoff had the highest predictive ability.
Related to this, Porcelli and Weaver Jr4 found that volume of
parenteral nutrition during week 2, but not week 1, was re-
lated to severe ROP outcome.

PND was greater in girls than in boys, especially for lower
GA, where ROP needing treatment is more frequent. Infants
with longer PND had faster progression of the disease inde-
pendently of GA. Further investigation of the mechanism be-
hind early sex-specific effects of parenteral nutrition and its
relation to intestinal and neurovascular development as well
as accelerated progression of severe ROP is needed.

An unbiased way of comparing different ROP models is
through application on the same data. In our validation sub-
set, WINROP showed higher specificity (46%; 95% CI, 39-53)
than G-ROP (29%; 95% CI, 22-36), G-ROP with the 180 g cri-
teria (24%; 95% CI, 18-31), and the DIGIROP prescreen model
(38%; 95% CI, 32-46). However, 6 of 54 infants needing ROP
treatment were missed. G-ROP and DIGIROP models showed
100% sensitivity (95% CI, 93-100). Although not required,

WINROP allows usage of weekly weights until ROP treatment
or 40 weeks’ postmenstrual age, while G-ROP and the DIGIROP
prescreen model provide an earlier estimation up to 39 days’
and 14 days’ PNA, respectively.

Strengths and Limitations
This study’s strength is that it comprises the ROP-screened
Swedish population from 2007 to 2020, excluding only 39 of
11 178 infants with missing data. However, this study has
limitations. Register data may include potential editing
errors. Additionally, due to the Swedish population being
homogenous in terms of ethnicity, neonatal care, and socio-
economic status, the DIGIROP models need to be thoroughly
validated on other populations and settings before being
implemented.

Conclusions
Our study demonstrated a substantial prognostic value of PND
on any ROP and ROP requiring treatment. Infants with PND of
14 days or more were at significantly higher risk of needing
treatment. Continuous research on neonatal nutrition for
premature babies is warranted.

Further, we updated and externally validated DIGIROP 2.0
prediction models and their clinical decision support tool to
achieve 100% sensitivity and high specificity. Considering both
sensitivity and specificity, the DIGIROP clinical decision sup-
port tool was shown to be superior to WINROP and G-ROP.
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