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Background 

This document describes variations in neonatal mortality to discharge among infants born ≤31
+6

 

weeks gestation admitted to neonatal units contributing to the UK Neonatal Collaborative (UKNC).  

Neonatal units were informed of this planned analysis and have had opportunity to confirm the 

accuracy of mortality data for infants born in 2012 that they entered into the Badger.Net platform, 

and improve on completeness of entries. It is these data, held in the National Neonatal Research 

Database, that form the basis of the analyses. Data included in this report for previous years (2010 

and 2011) have been published in previous annual analyses placed on-line on the NDAU website 

(www.imperial.ac.uk/ndau). 

Methods 

Data were extracted on infants born in 2010-2012 at ≤31
+6

 weeks gestation, admitted to neonatal 

care, for whom the neonatal network of booking was known. Death was defined as death before 

discharge from neonatal care.  Multiple imputation (applying the mi routine in Stata version 12) was 

used to impute missing outcome and covariate data.  

Standardised Mortality Ratios (SMR) are presented for each neonatal network, assigning infants to 

the neonatal network of booking. Crude and adjusted SMR are presented for 2012, and for 2010-

2012 combined.   

The SMR was calculated as the observed number of deaths divided by the expected number of 

deaths. The observed number of deaths was averaged over the imputed datasets so infants with 

missing outcomes were included. For the unadjusted SMR, the expected number of deaths was 

calculated as the total number of infants in the multiplied by the overall mortality rate across all 

networks. For the adjusted SMR, the expected number of deaths was calculated by estimating the 

probability of death for each infant using logistic regression, and adding up the probabilities to 

obtain the expected number of deaths.  95% Confidence intervals for the SMR were calculated using 

Byar’s approximation (Breslow 1994) with correction for multiple testing, controlling the false 

discovery rate at 5% (Benjamini and Hochberg 1995). 

Variables included in the logistic regression to estimate the probability of death for each infant were 

gestational age, birth weight SDS score, sex, multiple pregnancy and antenatal steroids. Gestational 

age
2
 was included as the benefit of an extra week’s gestation was higher at lower ages; in other 

words, the effect of gestational age on survival differed across the gestational age range.  Survival 

improved with increasing birth weight SDS score, but graphical investigation indicated an adverse 

effect of very high birth weight SDS score at every week of gestation above 28 weeks.  Birth weight 

SDS
2
 was therefore included as a predictor for this age group; though this significantly improved the 
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fit of the model the SMR were almost identical when this term was omitted.  Twenty infants with a 

birth weight SDS of greater than 4 (or less than -4) were excluded from the prediction model as 

potentially erroneous and as extreme observations can have undue influence on the resulting 

prediction model. 

Over 25% of infants included in the analysis were from a multiple pregnancy. Mortality rates were 

similar for singletons and multiples (10%) with no clear pattern by gestation.  However, as mortality 

was higher for multiples with lower birth weight SDS, an interaction between these variables was 

included. As outcomes for infants from the same pregnancy are likely to be correlated, generalised 

estimating equations (GEE) were used to account for the lack of independence. Encrypted NHS 

number for the mothers was not available in 18% of infants to link multiple birth sets. In these cases, 

infants were matched if hospital of birth, birth month and year, weeks of gestation and maternal age 

were the same (as these were nearly 100% complete), and at least one of Lower Super Output Area 

of maternal residence, maternal occupation, paternal age, mode of delivery, maternal marital status 

maternal blood group were the same with no discrepancies among non-missing variables.   

Funnel plots were used to illustrate the variation in SMR for 2012.  Funnel plot limits were drawn 

corresponding to 2 and 3 standard deviations from the target SMR of 1 assuming the observed 

deaths follow a Poisson distribution.  The limits were adjusted for multiple testing (Jones 2008) 

controlling the false discovery rate at 5%. Note that this adjustment differs slightly to adjustment of 

the confidence intervals for the SMR as the upper and lower limits of the funnel plot are considered 

separately. 

Results 

A total of 22,353 infants were born in 2010-2012 at ≤31
+6

 weeks gestation and admitted to neonatal 

care, for whom the neonatal network of booking was known; 10% of those for whom the outcome 

was known (2,258/21,803) died before discharge. Around 3% of infants had a missing outcome.  

Infants with a missing outcome tended to be more vulnerable based on other neonatal 

characteristics.  Antenatal steroid entries were missing for around 2% of infants, and sex and birth 

weight SDS for <1%.   

SMRs for 2012 are shown on funnel plots both unadjusted (figure 1) and adjusted (figure 2) with 

neonatal networks numbered (see table 1 for key). SMRs for 2010-2012 are shown in table 1, with 

95% confidence intervals corrected for multiple testing. The regression model fit the data well, 

giving an area under the ROC curve of 0.84 (95% confidence interval 0.83 to 0.85).  Sensitivity 

analyses of complete cases and ignoring the correlation of outcomes within mother were very 

similar.  Parameter estimates from all regression models are given in the appendix. 

Comments 

The funnel plots provide a useful graphical representation of the variation in mortality. However as 

the number of expected deaths is low there is fairly low power to detect unusual performance.  The 

average number of expected deaths in a network is around 40.  If a neonatal network with a patient 

case-mix leading to 40 expected deaths had a true underlying SMR of 1.3, the probability of the 

network’s observed data falling above the 2 standard deviation upper control limit is less than 50% 
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(i.e. there would only be 50% power to detect the network as having unusual performance).  This is 

before widening the limits to allow for multiple testing, so the power is further reduced.  

We have assumed that the observed deaths follow a Poisson distribution.  While this is a standard 

approximation, it overestimates the variance leading to wider funnels than may be truly appropriate 

(Jones 2008). The extent of the overestimation is currently being explored. 

Shalini Santhakumaran 

NDAU Statistician 

 

Neena Modi 

NDAU Lead 

 

References 

Benjamini Y, Hochberg Y. Controlling the False Discovery Rate: A Practical and Powerful Approach to Multiple 

Testing. Journal of the Royal Statistical Society Series B (Methodological) 1995; 57(1): 289-300 

Breslow N, Day N. Statistical methods in cancer research: International Agency for Research on Cancer; 1994. 

Jones HE, Ohlssen DI, Spiegelhalter DJ. Use of the false discovery rate when comparing multiple health care 

providers Journal of Clinical Epidemiology 2008; 61(3): 232-40.e2 

 

  



 
 

NDAU Reports 2012  4 

 

 

 

Figure 1 

Funnel plot for unadjusted SMR for 2012, for babies live born ≤31+6 weeks gestation and admitted 

to neonatal care, by neonatal network of booking.  

 

 

 

Control limits show 2 and 3 standard deviations from the mean after correction for multiple testing, 

assuming observed deaths follow a Poisson distribution. Numbers correspond to neonatal networks 

in table 1.   
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Figure 2 

Funnel plot for adjusted SMR for 2012, for babies live born ≤31+6 weeks gestation and admitted to 

neonatal care, by neonatal network of booking.   

 

 

Control limits show 2 and 3 standard deviations from the mean after correction for multiple testing, 

assuming observed deaths follow a Poisson distribution. Adjusted for gestation, birth weight SDS, 

sex, antenatal steroids accounting for correlation within multiple birth sets and missing data. 

Numbers correspond to neonatal networks in table 1. 
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Table 1 

Unadjusted and adjusted SMR for 2012, and for 2010-2012, for babies liveborn ≤31+6 weeks 

gestation and admitted to neonatal care,  by neonatal network of booking 

 

 

2012 2010-2012 

Code Booked neonatal network  Total infants Raw SMR  Adj SMR  Total infants Raw SMR  Adj SMR  

1 100106 210 

0.78 

(0.35,1.49) 

0.76 

(0.34,1.44) 642 

0.78 

(0.51,1.15) 

0.83 

(0.54,1.21) 

2 100109 333 

1.47 

(0.95,2.16) 

1.44 

(0.93,2.11) 979 

1.13 

(0.85,1.47) 

1.23 

(0.93,1.59) 

3 100142 416 

1.09 

(0.69,1.63) 

1.20 

(0.76,1.78) 1270 

1.00 

(0.77,1.27) 

1.06 

(0.82,1.35) 

4 100108 430 

1.06 

(0.67,1.57) 

1.04 

(0.66,1.55) 1356 

1.09 

(0.86,1.37) 

1.04 

(0.82,1.31) 

5 100012 257 

0.95 

(0.50,1.62) 

0.98 

(0.51,1.68) 694 

1.00 

(0.70,1.37) 

1.05 

(0.73,1.45) 

6 100162 202 

0.79 

(0.35,1.52) 

0.85 

(0.37,1.63) 620 

0.96 

(0.65,1.36) 

1.03 

(0.70,1.47) 

7 100011 213 

0.70 

(0.30,1.38) 

0.69 

(0.29,1.35) 697 

0.93 

(0.64,1.30) 

0.84 

(0.58,1.17) 

8 100059 513 

1.08 

(0.72,1.55) 

0.90 

(0.60,1.30) 1570 

1.02 

(0.81,1.26) 

0.90 

(0.71,1.11) 

9 100088 387 

0.99 

(0.60,1.53) 

1.02 

(0.62,1.57) 1125 

1.04 

(0.79,1.34) 

1.03 

(0.78,1.32) 

10 100071 297 

0.69 

(0.34,1.24) 

0.58 

(0.28,1.03) 932 

0.89 

(0.64,1.20) 

0.77 

(0.55,1.04) 

11 100078 213 

0.79 

(0.36,1.49) 

0.70 

(0.32,1.33) 651 

0.91 

(0.62,1.29) 

0.84 

(0.57,1.19) 

12 100113 403 

1.08 

(0.68,1.62) 

1.22 

(0.76,1.83) 974 

1.03 

(0.76,1.35) 

1.11 

(0.82,1.46) 

13 100115 432 

1.01 

(0.63,1.51) 

0.93 

(0.59,1.40) 1273 

1.01 

(0.78,1.29) 

0.95 

(0.73,1.20) 

14 100209  383 

1.35 

(0.88,1.96) 

1.27 

(0.83,1.85) 1031 

1.31 

(1.02,1.66) 

1.26 

(0.98,1.60) 

15 100111 312 

0.91 

(0.50,1.50) 

0.96 

(0.53,1.57) 882 

1.08 

(0.80,1.43) 

1.12 

(0.83,1.48) 

16 100208 391 

1.00 

(0.61,1.54) 

0.85 

(0.52,1.31) 1223 

0.91 

(0.69,1.18) 

0.87 

(0.66,1.13) 

17 100118 189 

1.17 

(0.59,2.05) 

1.07 

(0.54,1.88) 498 

1.01 

(0.66,1.48) 

1.10 

(0.71,1.60) 

18 100524 312 

1.11 

(0.66,1.75) 

1.13 

(0.67,1.78) 908 

1.03 

(0.75,1.36) 

1.08 

(0.79,1.43) 

19 100196 305 

0.88 

(0.48,1.47) 

0.86 

(0.47,1.44) 998 

0.80 

(0.57,1.08) 

0.84 

(0.60,1.14) 

20 100070 287 

0.99 

(0.55,1.64) 

1.00 

(0.56,1.65) 865 

1.05 

(0.77,1.39) 

1.05 

(0.77,1.39) 



 
 

NDAU Reports 2012  7 

 

 

 

2012 2010-2012 

Code Booked neonatal network  Total infants Raw SMR  Adj SMR  Total infants Raw SMR  Adj SMR  

21 100150 272 

0.89 

(0.47,1.52) 

0.91 

(0.48,1.56) 860 

0.94 

(0.68,1.28) 

1.03 

(0.74, 1.39) 

22 100210 339 

1.15 

(0.70,1.76) 

1.19 

(0.72,1.83) 1002 

0.92 

(0.67,1.22) 

0.98 

(0.72,1.30) 

23 100110 462 

0.69 

(0.40,1.11) 

0.91 

(0.52,1.45) 1303 

0.99 

(0.77,1.26) 

1.07 

(0.83,1.36) 
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Appendix 

 

Table A 

 

Results from multivariable logistic regression models to estimate the probability of death before 

discharge based on neonatal characteristics.  Results are presented as odds ratios [95% confidence 

intervals]. 

 

Models 

Variables 

CC 

n=21387 

CC GEE 

n=21387 

MI 

n=22333 

MI GEE 

n=22333 

Gestational age (1 week increase) 0.200 0.199 0.193 0.191 

 [0.12,0.34] [0.12,0.34] [0.11,0.33] [0.11,0.33] 

Gestational age
2
  1.019 1.019 1.019 1.019 

 [1.01,1.03] [1.01,1.03] [1.01,1.03] [1.01,1.03] 

Male sex 1.240 1.242 1.233 1.235 

 [1.12,1.37] [1.12,1.37] [1.12,1.36] [1.12,1.37] 

Birth weight SDS score (1 unit increase) 0.851 0.851 0.858 0.858 

 [0.80,0.91] [0.78,0.92] [0.80,0.92] [0.79,0.93] 

Birth weight SDS score
2
 for infants ≥28  1.208 1.207 1.208 1.208 

weeks gestation [1.16,1.25] [1.16,1.26] [1.16,1.25] [1.16,1.26] 

Multiple birth  0.965 0.963 0.959 0.958 

 [0.84,1.11] [0.83,1.12] [0.83,1.10] [0.83,1.11] 

Multiple birth*birth weight SDS score 0.833 0.828 0.822 0.816 

 [0.73,0.95] [0.72,0.95] [0.72,0.94] [0.71,0.93] 

Any antenatal steroids given 0.495 0.495 0.492 0.493 

 [0.43,0.57] [0.43,0.57] [0.43,0.57] [0.43,0.57] 

CC = complete case (excluding infants with missing data and erroneous birth weight) 

MI = multiple imputation (including infants with missing data using multiple imputation to impute 

missing values; excluding infants with erroneous birth weight) 

GEE = allowing for correlation of outcomes within multiple birth sets 


