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BACKGROUND
Gestational age is the major determinant of neonatal death (death within the first 
28 days of life) in preterm infants. The joint effect of gestational age and Apgar 
score on the risk of neonatal death is unknown.

METHODS
Using data from the Swedish Medical Birth Register, we identified 113,300 pre-
term infants (22 weeks 0 days to 36 weeks 6 days of gestation) born from 1992 
through 2016. In analyses stratified according to gestational age (22 to 24 weeks, 
25 to 27 weeks, 28 to 31 weeks, 32 to 34 weeks, and 35 or 36 weeks), we esti-
mated adjusted relative risks of neonatal death and absolute rate differences in 
neonatal mortality (i.e., the excess number of neonatal deaths per 100 births) ac-
cording to the Apgar scores at 5 and 10 minutes and according to the change in 
the Apgar score between 5 minutes and 10 minutes. Scores range from 0 to 10, 
with higher scores indicating a better physical condition of the newborn.

RESULTS
There were 1986 neonatal deaths (1.8%). The incidence of neonatal death ranged 
from 0.2% (at 36 weeks of gestation) to 76.5% (at 22 weeks of gestation). Lower 
Apgar scores were associated with higher relative risks of neonatal death and 
greater absolute rate differences in neonatal mortality in all gestational-age strata. 
For example, among infants born at 28 to 31 weeks, the adjusted absolute rate 
differences according to the 5-minute Apgar score, with those who had a score of 
9 or 10 serving as the reference group, were 51.7 (95% confidence interval [CI], 
38.1 to 65.4) for a score of 0 or 1, 25.5 (95% CI, 18.3 to 32.8) for a score of 2 or 
3, 7.1 (95% CI, 5.1 to 9.1) for a score of 4 to 6, and 1.2 (95% CI, 0.5 to 1.9) for a 
score of 7 or 8. An increase in the Apgar score between 5 minutes and 10 minutes 
was associated with lower neonatal mortality than a stable Apgar score.

CONCLUSIONS
In this study, Apgar scores at 5 and 10 minutes provided prognostic information 
about neonatal survival among preterm infants across gestational-age strata. 
(Funded by the Swedish Research Council for Health, Working Life, and Welfare 
and Karolinska Institutet.)
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 Supplementary Analyses

In analyses stratified according to year of birth 
and gestational age, relative risks of neonatal 
death according to Apgar score were consistent 
with those in the entire cohort, including the 
results for the most recent time interval (2010 
through 2016). Absolute rate differences in neo-
natal mortality tended to be lower in the later 
birth cohorts than in corresponding analyses of 
the entire cohort (Table S9).

Owing to power concerns, analyses of chang-
es in Apgar score values from 5 to 10 minutes 
were stratified into three gestational age groups 
and four Apgar score groups. Increased Apgar 
scores from 5 to 10 minutes were associated 
with lower relative risks of neonatal death than 
scores that remained stable, and the absolute rate 
differences in neonatal mortality were smaller 
(Table 3).

Early neonatal death (within the first 6 com-
pleted days of life) occurred in 1566 infants 
(1.4%) (Table S10). The associations between 
Apgar scores at 5 and 10 minutes and adjusted 
relative risks of early neonatal death and abso-
lute rate differences in early neonatal mortality 
appeared similar to or stronger than those in 
corresponding analyses of neonatal mortality.

 Discussion

In this nationwide study, we found that Apgar 
scores provided substantial information about the 
risk of neonatal death among preterm infants 
across gestational-age strata. The relative risk of 
neonatal death consistently increased according 
to decreasing Apgar score in all gestational-age 
strata, but the increases in relative risk were 

Figure 1. Gestational Age, Apgar Scores at 5  Minutes 
and 10  Minutes, and Adjusted Rate Differences 
in Neonatal Mortality.

Absolute rate differences represent the excess number 
of neonatal deaths per 100 births. Values were adjusted 
for maternal age, parity, smoking status, country of 
birth, body-mass index, the presence or absence of hyper-
tensive diseases (i.e., essential hypertension or preeclamp-
sia), mode of delivery, birth weight for gestational age, 
hospital level (regional or general hospital), year of birth 
(continuous), and gestational age (in days within each 
stratum). CI denotes confidence interval.
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FIGURE 2
Long-term trends in adjusted rates. The lower and upper bands indicate IQR among NICUs. The y-axis scale differs for each figure panel. A, Infant death. B,
Chronic lung disease. C, Cystic PVL. D, Severe peri-intraventricular hemorrhage. E, Severe ROP or ROP surgery. F, NI. G, NEC.
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Demographics SpO2<80 (n=100) SpO2≥184 (n=184) p value

Gestational Age, weeks 27.4 ± 2.6 28.0 ± 2.61 0.04

Birth weight, grams 882 ± 551 902  ± 568.7 0.70

Apgar 1 minute, Median[IQR] 5[3,7] 7[5,7] <0.001

Apgar 5 minute, Median[IQR] 7[6,8] 8[7,8] <0.001

Apgar 1 min <3 20 (20%) 21(11%) 0.049

Prenatal Care 98 (98%) 183 (99%) 0.81

Antenatal steroids 98 (98%) 175 (95%) 0.13

Caesarean section 85 (85%) 168 (91%) 0.18

Male 53 (53%) 85 (46%) 0.83

MgSO4 90 (90%) 160 (87%) 0.33

Chorioamnionitis 38 (38%) 68 (37%) 0.81

PIH 19 (19%) 55 (30%) 0.05

PROM >24 hrs 24 (24%) 35 (19%) 0.30

Katheria et al , J Perinatol 2019 Dec;39(12):1635-1639
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Neonatal Outcomes SpO2< 80 (n=100) SpO2≥80 (n=184) p value

Started on CPAP 63 (63%) 147 (80%) <0.001

Received PPV 75 (75%) 112 (61%) <0.001

Intubated 61 (61%) 67 (36%) <0.001

CPR* 2 (2%) 1 (<1%) 0.280

Mean time to Fio2 change (sec) 187 ± 96 175 ± 87 0.64

ROP 21(21%) 11 (6%) 0.12

PDA 26 (26%) 37(20%) 0.23

Any Grade IVH 24 (24%) 19 (10%) <0.001

Severe Grade IVH 9 (9%) 6 (3%) 0.039

Death 16 (16%) 8 (4%) <0.001

Severe IVH and Death 21(21%) 12 (7%) <0.001

Katheria et al , J Perinatol 2019 Dec;39(12):1635-1639
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Katheria et al , J Pedaitr 20 
Dec;39(12):1635-1639
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Katheria et al , J Peds 2020
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• <30 week infants (N=55)
• Randomized to initial O2 30 or 

100%
• Assessed respiratory function in 

the first 10 minutes of  life.

Dekker et al Front Pediatr. 2019 Dec 12;7:504.
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Maternal exposures
focusboard
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Questions?
Please submit questions into Q&A box


