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Abstract
Objective: 
To assess the relationship between gestational lengths of the first and second pregnancies in the same women.
Study Design:
Observational study
Methods:
We used information from a dataset of over 500,000 pregnancies from 15 maternity units in the North West Thames, London. Data on the gestational length in days of the first pregnancy and the gestational length in days of the second pregnancy were correlated using regression models. First and second pregnancies were ascribed to the same women by identical maternal date of birth, ethnicity and maternal height (to within +/- 3cm). 
Results:
There is a statistically significant cubic relationship between the gestational lengths of the first birth and the second birth (R 0.102, p<0.001). The gestational length of the second pregnancy is likely to be closer to 280 days than the first pregnancy. In the 20% of women who had an inter-pregnancy interval of less than one year, the next pregnancy was one day shorter for every three months less than 12.
Conclusions: 
Although the gestation of second pregnancies exhibits regression towards the mean of 280 days, there is still a clinically important tendency for both preterm and postdates pregnancies to recur. Prediction of an estimated delivery date for second pregnancies should take into account both the length of the first pregnancy and the inter-pregnancy interval if it is less than 12 months.
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Introduction
The estimation of pregnancy due dates is important both for the expectant mother, who wants be able to prepare for the birth of her baby, and for health care providers in order to schedule appropriate screening tests and assessments(1). Pregnant women were traditionally assigned an estimated delivery date (EDD) of 280 days after the first day of their last menstrual period (LMP), although currently in the UK the recommendation is to estimate it from a ultrasound measurements taken between 10 and 13 weeks gestation. However, only 4% of women deliver precisely at 280 days and only 70% of women deliver within 10 days of their EDD, even when their EDD is estimated from first trimester ultrasound(2). A recent study conducted by the US National Institute of Environmental Health Sciences concluded that the variation in the length of pregnancy spanned 37 days, even when excluding preterm births(3).

Pre-term birth is a well-recognised cause of perinatal mortality and morbidity(4-6). Similarly, prolonged (>42 weeks gestation) pregnancies have also been associated with adverse maternal and neonatal outcomes(7-9). Factors shown to affect the length of a pregnancy include socio-demographic characteristics, medical complications, previous pre-term delivery, cigarette smoking and maternal age(10, 11). There is also evidence to suggest a difference in normal gestational lengths for different racial groups; Black African and South Asian women have a shorter gestational length(12) compared to White European women. Older mothers and women with a higher body mass index have longer gestational lengths(3, 12, 13). However, although there have been many studies looking at the recurrence of preterm birth (i.e. before 37 weeks)(14-18), there are no published large scale studies that have assessed the influence of previous pregnancy length on the proportion of subsequent births before or after the due date, within the period designated as ‘term’. Rather, there has been an assumption that preterm birth is pathologic, and that if the next pregnancy is not pathologic, its duration will on average be the same as the rest of the population, i.e. 280 days. Despite this, there is a common belief amongst mothers that the length of a previous pregnancy is a useful guide for predicting the EDD and that this may be a useful measure of the woman’s ‘natural’ length of pregnancy - a woman with a longer gestational duration in a previous pregnancy being more likely to have a longer pregnancy, and vice-versa. The data to evaluate this belief are surprisingly sparse. A study of only 130 births published in 2013 demonstrated that if women had longer pregnancies previously, the subsequent pregnancy was likely to be longer even though still within the range of ‘term’; a one week above average duration of a previous pregnancy was associated with about a 2.5 day increase in the length of the subsequent pregnancy(3). This is consistent with our hypothesis that there is likely to be regression to the mean, but that despite this tendency, women who gave birth early or late within the period designated ‘term’ were more likely to do so again than would occur by chance. The existence of a large and well validated dataset with detailed information on the duration of pregnancy gave us the opportunity to test this hypothesis. 

We also took the opportunity to investigate the additional effect of the interpregnancy interval (IPI). It has been known for many years that an interval of less than 12 months between the birth of the first child and the conception of the next is associated with a higher preterm birth rate in the second pregnancy(19-21). We assessed the relationship between the length of the IPI and duration of the subsequent pregnancy in our population.


Methods
Data Collection
Between 1988 and 2000 inclusive, data were collected on over 500,000 pregnancies in 15 maternity units in the North West Thames region of London. Trained clerks and/or midwives entered the data on 301 variables for each pregnancy from the first antenatal visit up to 28 days postpartum. Computer entry of the data using a system with online validation, prompting, and standard definitions for clinical measurements, produced reliable high quality data. The data have been extensively validated in many previously published studies(22, 23). Local Research Ethics committee approval was obtained for the use of the dataset for epidemiological studies using pseudo-anonymised data reported in aggregate. Because the data were anonymised, it was not possible to identify consecutive pregnancies by name or hospital number. Instead, first (parity entered as 0) and second pregnancies (parity entered as 1) to the same women were matched using the mother’s date of birth, the hospital in which they gave birth, their ethnic group, and their height (to within +/- 3cm to allow for small differences in conversions from feet and inches (the mother’s usual descriptive preference)  to cm). Importantly, the data on each pregnancy were collected in equal detail and with equal accuracy.

Estimation of gestational age
The gestational length of a women’s first and second pregnancies was calculated as the duration of pregnancy from the first day of the LMP in women who were certain of their dates and had a regular 28 day cycle. In women who were not certain of their menstrual dates and/or had irregular cycles, the gestational age was determined from the fetal biparietal diameter on a fetal ultrasonography measurement made before 24 weeks gestation.  Where there was a discrepancy of more than 14 days between the EDD by the LMP and ultrasonography, the EDD based on the mid-trimester ultrasound scans was used. Any gestational ages at birth less than 16 weeks or greater than 49 weeks were considered to be implausible and were excluded from the analysis. Additional plausibility checks between the best estimate of gestational age at birth made by the delivering midwife, the EDD by ultrasound and the EDD by the LMP were conducted using an algorithm reported in detail previously(1). Where there was a discrepancy of greater than two weeks between the best estimate of gestational age at birth and the gestational age based on either the LMP or ultrasound findings, a further system enquiry was raised and implausible cases removed.

Although there are many factors that influence gestational length at birth, such as maternal age and racial group, and medical complications such as hypertension and diabetes, because we wanted an analysis relevant to the total population, we did not correct for them. Most potential confounders relating to the length of pregnancy are automatically allowed for because the first and second pregnancies were in the same women (i.e. each woman acted as her own control). However, to see if factors leading to elective early delivery changed the relationship significantly, we performed a secondary analysis including only women with a spontaneous onset of labour in both pregnancies.

Estimation of interpregnancy interval
The interpregnancy interval was assessed by calculating the number of weeks between the date of birth of the first baby and the date of birth of the second, and then subtracting the duration of the second pregnancy in weeks minus two (to allow for conception occurring on average at day 14 of pregnancy as traditionally calculated). 

Data analysis 
Regression models (linear, quadratic and cubic) were used to analyse the relationship between the gestational length of the first pregnancy (pregnancy 1) and the gestational length of the subsequent pregnancy (pregnancy 2), and between the interpregnancy interval and the gestational length of the subsequent pregnancy (pregnancy 2). All analyses were performed using SPSS version 21. 



Results
A total of 40,861 women who had matched first and second pregnancies were included in the study. Subject characteristics, including maternal age, racial group, diabetes status in pregnancy, smoking status, onset of labour for pregnancy 1 and 2 (spontaneous onset or induced), body mass index (BMI) and sex of the fetus are shown in Table 1. 

The association between the mean length of gestation of pregnancy 1 and gestation of pregnancy 2 is illustrated in figure 1. When the length of pregnancy 1 is between 256 to 298 days, the confidence intervals for pregnancy 2 are narrow. We performed regression analysis in all 40,861 cases to determine the association between the length of pregnancy 1 and pregnancy 2. Figure 2 shows a scatter plot of the gestational lengths of first and second pregnancies in the same women. Linear, quadratic and cubic regression models with parameter estimates are shown in Table 2. We used the cubic regression model to estimate the relationship between the gestational lengths of the first and second pregnancies because it gave the best fit (R2 0.102, p<0.001, constant 269.621, b1 -0.119, b2 0.000, b3 0.00000192)

Where the length of pregnancy 1 is x and the length of pregnancy 2 is y, the derived cubic equation for the model is y=(269.621)+(-0.11935x)+(0*x2)+(0.00000192*x3).

The analysis including only women with spontaneous onset of labour in first and second pregnancies, including 25,871 cases, shows the same cubic relationship of gestational lengths of pregnancy 1 and pregnancy 2 (figure 3). Table 3 shows the cubic regression model with parameter estimates.

Figure 4 shows the cubic regression model for gestational lengths for pregnancy 1 and pregnancy 2, and the reference line y=x (lengths of pregnancy 1 and 2 identical). The graph displays the cubic regression model line for all births included (N= 40,861) (orange line) and the cubic regression model line for births with only spontaneous onset of labour in pregnancy 1 and pregnancy 2 (N=25,871) (grey line). Both lines show a very similar relationship. When the length of pregnancy 1 is around 280 days (40 weeks), the length of pregnancy 2 is the same.  When the length of pregnancy 1 is less than 280 days, the length of pregnancy 2 (compared with pregnancy one) tends to be longer, and when the length of pregnancy 1 is longer than 280 days, the length of pregnancy 2 tends to be shorter. For the second pregnancy, there is regression to the mean gestational length of around 280 days. 

Figure 5 shows the distribution of interpregnancy intervals (IPIs) in months. There were only 34 cases with an interval of one month from a total population studied of 40, 861. 8, 333 cases had an interval of up to and including 12 months (20%) and 39, 588 had an interval of up to and including 60 months (96.9%). Figure 6 shows the association of the interpregnancy interval with the duration of the subsequent pregnancy in days. The distribution up to 48 months was most closely fitted by a cubic equation where the duration of the subsequent pregnancy equalled 274.52 days + (IPI*0.477)-(IPI2*0.016)+(IPI3*0.000148). When the interpregnancy interval is greater than 48 months, the number of cases were too small to make a reliable assessment. This is shown in figure 7, where only cases with an interpregnancy interval of less than 48 months is shown (n= 37, 931). The steepest part of the curve is when the IPI is less than 12 months; the duration of the second pregnancy is shorter than the average (279 days) by one day for every 3 months less than an IPI of 12 months. When there is an IPI of between 24 to 48 months, the second pregnancy once again becomes shorter, by one day for every 12 months increase in the IPI. 




Discussion
Main Findings
We have shown that the gestational length of a second pregnancy is highly significantly related to the length of the first pregnancy (p<0.001). Cubic regression models show that when the length of pregnancy 1 is 280 days (40 weeks), the length of pregnancy 2 is the same. When the length of pregnancy 1 is shorter than 280 days, the next pregnancy is likely to be longer and women tend to deliver closer to the mean. On the contrary, when the length of pregnancy 1 is longer than 280 days, the subsequent pregnancy is likely to be shorter in comparison and women again tend to deliver closer to the mean. From our cubic regression model, y = (269.621)+(-0.11935x)+(0*x2)+(0.00000192*x3), where the length of pregnancy 1 is x and the length of pregnancy 2 is y. In the 20% of pregnancies where the interpregnancy interval is 12 months or less, one day should be removed from the expected duration of the next pregnancy for every three months less than an IPI of 12 months.

Strength and limitations
Our study uses data on 40,861 women (81,722) pregnancies from the North West Thames regional dataset, the quality of which has been extensively validated in other studies(22, 23). The dataset included women delivering in a geographical area, however women having private obstetric care were not represented and some selection bias is possible. The calculation of gestational length used a combination of methods but was derived from routine clinical practice rather than an experimental protocol so there may have been some inaccuracies. In the first analysis, we included all births, including those that had been delivered electively. However, we also performed a linear regression analysis including only births with spontaneous onset of labour to account for iatrogenic determinants of gestational length; a similar relationship between the gestational length of pregnancy 1 and the gestational length of pregnancy 2 was seen.

Interpretation
Preterm birth is one of the single most important determinants of adverse infant outcomes, in terms of morbidity and mortality(24). The World Health Organization (WHO) defines pre-term birth as a birth at less than 37 completed weeks of gestation and very preterm births as less than 32 completed weeks of gestation. Very preterm births account for 51% of infant deaths(25) and the risk of death or neurological disability significantly increases with decreasing gestation(24). However, it can also be important to predict the likely duration of pregnancy even when it is unlikely to be preterm, for example when an elective caesarean section is planned. After 40 weeks gestation, conditions such as fetal asphyxia, intrapartum distress and meconium aspiration, which lead to prenatal morbidity, occur more frequently(26, 27). Compared to babies delivered at 39-40 weeks, those delivered post-dates have a greater likelihood of hospitalisation in the first 3 years of life, and the risk of developing conditions such as epilepsy, neurodevelopmental deviation and Asperger’s syndrome are significantly increased(28, 29). Thus, prediction of the likely date of birth both before and after the traditional ‘due date’ of 280 days is clinically important, even when this is within the period traditionally designated as ‘term’ (37 to 42 completed weeks). Many obstetric management decisions are based on gestational age, including the administration of steroids to mature fetal lungs, when to induce and when to offer elective caesarean sections. A previous study has shown that compared to elective caesarean section at 39 weeks, births at 37 weeks and 38 weeks were associated with increased risk of neonatal death and several adverse events including respiratory complications, treated hypoglycaemia, newborn sepsis and neonatal intensive care unit(30). Studies have shown that many factors affect the duration of a pregnancy including social circumstances, previous preterm delivery, pre-existing diabetes mellitus, antepartum haemorrhage, cigarette smoking and maternal age(20, 31). However, many of these will be similar in first and second pregnancies. Thus, differences between the gestational length of the first and subsequent pregnancy are more likely to be associated with complications due largely to chance, such as antepartum haemorrhage, or maternal infections. Such complications have, by their nature, a relatively random distribution and are thus unpredictable. We have however confirmed previous reports that the duration of the second pregnancy is on average one day shorter than predicted by the standard calculation for every 3 months that the inter-pregnancy interval is less than 12 months, and that after the optimum of 24 months, the subsequent pregnancy becomes shorter again by one day every 12 months up to 48, after which the data were too few to make a reliable adjustment.

Perhaps the most important aspect of our findings is to inform the mother herself. She may be worried about the risk of recurrent preterm labour, in which case our data showing regression to the mean can be used to give some reassurance (regression to the mean is a statistical phenomenon whereby unusually large or small measurements tend to be followed by measurements that are closer to the mean(32)). Similar reassurance can be useful if a woman went well overdue in her first pregnancy, and is concerned that she may face the same discomfort again, or has anxieties regarding the birth of a larger baby for example. In addition, many families use the estimated due date to make social arrangements, such as having family members to come to stay to look after existing children while the mother gives birth; our data allow an evidence based estimate of the individualised due date to be given. 


Conclusion
We have generated a cubic regression model to show that there is a statistically significant relationship between the length of pregnancy 1 and length of pregnancy 2. On average, the gestational length of the second pregnancy is likely to be closer than the first to 280 days (40 weeks), illustrating a phenomenon known as ‘regression to the mean’. In the 20% of women with an IPI of less than 12 months, one day should be subtracted from the EDD for every 3 months less than 12. Clinicians can use this information to give woman who have delivered at the gestational extremes a more individualised estimate of the expected duration of their next pregnancy than just whether or not it is likely to be pre- or post- term.
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Figures and tables
Table 1 – Patient characteristics in pregnancy 1 and pregnancy 2 for the 40, 861 women included in this study. Cases were included only when there was a match in the recorded ethnicity and when there was no more than 3cm difference in the maternal height recorded in both pregnancies. Percentages shown have been rounded to the nearest decimal place.
	
	Pregnancy 1
	Pregnancy 2

	
	n
	%
	n
	%

	Maternal Age
At booking
	≤ 20
21-30
31-40
> 40
Missing
	4503
28605
7712
38
3
	11.0
70.0
18.9
0.1
0.0
	1895
24969
13802
188
7
	4.6
61.1
33.8
0.5
0.0

	Racial Group
	White European
Black Afro-Caribbean
Indian
Oriental
Mediterranean 
Other
	33566
944
5354
340
239
438
	82.1
2.3
13.1
0.8
0.6
1.1
	


As pregnancy 1

	Diabetes in pregnancy
	None
Gestational 
Established
Missing
	40458
259
93
51
	99.0
0.6
0.2
0.1
	40311
382
103
65
	98.7
0.9
0.3
0.2

	Smoking status
	Non-smoker
Smoker
Missing
	33873
6951
37
	92.9
17.0
0.1
	34603
6199
59
	84.7
15.2
0.1

	Onset of labour
	Spontaneous
Induction
None
Missing
	30865
8215
1755
26
	75.5
20.1
4.3
0.1
	31902
5843
3105
11
	78.1
14.3
7.6
0.0

	BMI (to nearest 1) 
	< 18
18-25
26-30
31-35
>35
Missing
	487
30292
7199
1681
498
704
	1.0
74.1
17.6
4.1
1.2
1.7
	379
26656
8565
2432
916
1913
	0.9
65.2
21.0
6.0
2.2
4.7

	Sex of fetus
	Male
Female
Indeterminate
	21144
19713
4
	51.7
48.2
0.0
	20970
19888
3
	51.3
48.7
0.0



Table 2- Regression model summary and parameter estimates for the association between the length of pregnancy 1 (days) and the length of pregnancy 2. The linear, quadratic and cubic regression models are illustrated. All models showed a high statistical significant relationship between the gestational lengths of pregnancy 1 and pregnancy 2 (p<0.001). N= 40 861

	Model Summary and Parameter Estimates

	Dependent Variable:   Recomputed days of gestation (best of US, LMP) - pregnancy 2  

	Equation
	Model Summary
	Parameter Estimates

	
	R Square
	F
	df1
	df2
	Sig.
	Constant
	b1
	b2
	b3

	Linear
	.099
	4486.422
	1
	40857
	<0.001
	199.014
	.284
	
	

	Quadratic
	.102
	2331.867
	2
	40856
	 <0.001
	301.402
	-.497
	.001
	

	Cubic
	.102
	2327.153
	2
	40856
	<0.001
	269.621
	-.119
	.000
	1.920E-006

	The independent variable is Days of gestation (best of US, LMP) - pregnancy 1.




Table 3- Cubic regression model summary and parameter estimates for the association between the length of pregnancy 1 (days) and the length of pregnancy 2, including only pregnancies where labour is spontaneous in onset (in both pregnancy 1 and 2). N= 25871
	Model Summary and Parameter Estimates

	Dependent Variable:   Recomputed days of gestation (best of US, LMP) - pregnancy 2  

	Equation
	Model Summary
	Parameter Estimates

	
	R Square
	F
	df1
	df2
	Sig.
	Constant
	b1
	b2
	b3

	Cubic
	.107
	1543.425
	2
	25868
	<0.001
	253.407
	-.033
	.000
	1.565E-006

	The independent variable is Days of gestation (best of US, LMP) - pregnancy 1.


	



Figure 1- The association between the gestational length of pregnancy 1 (days) and gestational length of pregnancy 2. Mean gestation and 95% confidence intervals are shown on the graph. N=40861
Figure 2- Scatter plot showing the association between the gestational length of pregnancy 1 (days) and gestational length of pregnancy 2. The graph shows all the observed cases (N= 40861), and the lines from the models of regression (including linear, quadratic and cubic regression models). P<0.001 for all models of regression shown.Figure 3- Association between the gestational length of pregnancy 1 (weeks) and gestational length of pregnancy 2, including only pregnancies where labour is spontaneous in onset (in pregnancy 1 and 2). The scatter plot displays all observed cases (N=25871). There is a statistically significant cubic relationship between length of pregnancy 1 and pregnancy 2 (R 0.107, p<0.001)
Figure 4- Association between the gestational length of pregnancy 1 (days) and gestational length of pregnancy 2. The orange line displays the cubic regression model line y = 269.621 + (-0.11935x)+(0x2)+(0.00000192x3) for all births included, where the length of pregnancy 1 is x and the length of pregnancy 2 is y. The grey line displays the cubic regression model line y = 253.407 +(-0.33x) +(0x2)+(0.000001565x3) for births only with spontaneous onset of labour. The blue line is a reference line (y=x) and illustrates the line of identity that would be seen if the length of gestation of pregnancy 1 and pregnancy 2 were the same.
Figure 5- Histogram displaying the distribution of interpregnancy intervals (IPIs) in months for the 40, 861 cases included in our analysis.
Figure 6- The association between the interpregnancy interval (IPI) and the duration of the subsequent pregnancy in days. The mean length of pregnancy 2 and its error bars showing the 95% confidence intervals are shown.
Figure 7- Cubic regression model illustrating the association between the interpregnancy interval (IPI) and the duration of subsequent pregnancy (n=37,931). The cases where the IPI was greater than 48 months has been excluded from the model as the case numbers were too small for any meaningful analysis. The duration of the subsequent pregnancy is equal to 274.52 days + (IPI*0.477)-(IPI2*0.016)+(IPI3*0.000148).



