APPENDIX 1 - SUPPLEMENTARY MATERIAL

Standardised birthweight for gestational age

We first cleaned the data to identify infants with implausibly large birthweights given their gestational age. Following Ekholm et al. (2005) these were defined as gestational age ≤28 completed weeks and birthweight >2000g, gestational age 29-30 weeks and birthweight >2500g, gestational age 31-32 weeks and birthweight >3000g, and gestational age 33 or 34 weeks and birthweight >3500g.  We also added a further exclusion category of gestational age ≤25 weeks and birthweight >1500g. This identified a total of 83 children with incompatible birthweights and gestational ages, for whom we recoded both birthweight and gestational age as missing.  


We then calculated standardised birthweight for gestational age on week-by-week basis separately for males and females.  This was done using the observed mean and standard deviation for that week within the UBCoS cohort for the 13 599 infants born at 30 or more completed weeks (i.e. an internal reference).  For the 86 children born at 22-29 completed weeks, there were insufficient numbers of children in each category to use this internal reference method and we therefore used external reference data. Because no normative data for this range of gestational lengths exists for this historical population we instead used data from a large population-based sample of Canadian births from 1994-6 (Kramer et al., 2001).  This was selected as the only reference data we could find which presents means and standard deviations for as low as 22 weeks; by contrast the youngest reference data we could find from Swedish reference data was 28 weeks (Niklasson et al., 1991).  The Canadian data also has the advantaged of presenting the results separately by sex and in tables (and not just in graphs) and of having used sophisticated techniques to clean and smooth the data.  The infants in this Canadian reference data weighed an average of 162g less than the Uppsala sample, however, with no evidence of a difference in the size of this offset across the 22-29 week range or between boys and girls (p-values for interaction>0.7).  We therefore again followed the methodology of Ekholm et al. (2005) in always adding 162g to the mean of the Canadian reference data before calculating birthweight for gestational age in our cohort, but leaving the value of the standard deviations unchanged.  For the six infants born at 21 completed weeks or less, we left their birthweight for gestational age as missing.
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Comparison of between-mother and within-mother effects

Among our explanatory variables, maternal age and the offspring birth characteristics are primarily properties of individual children not families. This allowed us to make within-family comparisons of the effect of  these characteristics, and so examine whether any overall associations we saw might reflect residual confounding by family (mostly maternal) characteristics. To do this we created two versions of each child variable to be included into Cox proportional hazards models, a ‘between-mother’ version representing the average characteristic of all the offspring of each mother (e.g. their mean gestational age) and a ‘within mother’ version representing the departure of each child from that mean. The general form of the fitted Cox proportional hazards model for these analyses is:

hjk(t) = h0(t) exp (β1ӯj + β2(yjk – ӯk) + α1Z1jk + α2Z2jk +... )

where hjk(t)’ represents the hazard of dying at age t for child j in family k, h0(t) is the baseline hazard at time t; ӯk is the average value of y (the variable of interest, for example: birthweight categorized into 1 ‘LBW’- and 0 ‘not LBW’) across the kth mother’s offspring (range 0 to 1, equivalent to the proportion of mother’s offspring born with LBW); (yjk – ӯk) is the departure of the jth child of the kth mother from that average (range -1 to 1, and is necessarily zero for children with no siblings); andZ1jk , Z2jk , etc. are other variables adjusted for in the model, while  β1, β2, α1, etc are  associated coefficients. In this model, β1 captures the between-mother effect of y and β2 captures the within-mother effect. 

To test for residual confounding due to maternal characteristics we compared the estimated effects of the between-mother and within-mother variables, that is we tested whether β1=β2.  If the within-mother effect was significantly different from the between-mother effect we interpreted this as evidence of residual maternal-level confounding (Mann et al 2004).  If maternal-level confounding were generating spurious associations due to positive confounding for example, then one would expect the within-mother effect (β2) to be weaker than the between-mother effect; if maternal-level confounding were the entire explanation for any association, one would expect β2 to be non-significantly different from zero. 
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Birthweight cross-tabulated against gestational age

	Gestational

Age
	N
	Mean
	Standard deviation
	Min
	Max
	P10
	p90

	22
	7
	709
	182
	510
	1000
	510
	1000

	23
	2
	780
	141
	680
	880
	680
	880

	24
	4
	845
	245
	560
	1150
	560
	1150

	25
	6
	970
	158
	840
	1240
	840
	1240

	26
	9
	1020
	133
	750
	1200
	750
	1200

	27
	7
	1203
	174
	1010
	1440
	1010
	1440

	28
	12
	1331
	237
	990
	1700
	1030
	1680

	29
	19
	1537
	425
	900
	2400
	1060
	2400

	30
	15
	1788
	311
	1200
	2400
	1510
	2230

	31
	35
	1924
	537
	1050
	2970
	1290
	2850

	32
	41
	2190
	463
	1360
	2990
	1570
	2790

	33
	85
	2423
	537
	1120
	3495
	1730
	3170

	34
	135
	2567
	485
	1300
	3500
	1950
	3230

	35
	210
	2980
	591
	1080
	4910
	2260
	3790

	36
	410
	3053
	518
	1250
	5250
	2430
	3700

	37
	742
	3194
	478
	1400
	4490
	2610
	3800

	38
	1472
	3307
	466
	1400
	5370
	2730
	3880

	39
	2675
	3439
	445
	1960
	5350
	2890
	4000

	40
	3159
	3546
	456
	1830
	5350
	3000
	4140

	41
	1999
	3624
	476
	1990
	5500
	3050
	4210

	42
	905
	3655
	494
	2260
	5300
	3020
	4310

	43
	342
	3613
	508
	2310
	4850
	3000
	4335

	44
	155
	3612
	534
	1870
	5300
	2900
	4260

	45
	78
	3631
	510
	2090
	5500
	3050
	4220

	46
	36
	3739
	620
	2600
	5260
	3010
	4600

	47
	4
	3715
	600
	3150
	4520
	3150
	4520

	Total
	12564
	3431
	553
	510
	5500
	2790
	4100


