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Abstract 

Objective: Birth records and hospital admission records are valuable for research on maternal 

smoking, but individually are known to under-estimate smokers. This study investigated the extent 

to which combining data from these records enhances the identification of pregnant smokers, and 

whether this has impact on research findings such as estimates of maternal smoking prevalence and 

risk of adverse pregnancy outcomes associated with smoking. 

 

Methods: 846,039 birth records in New South Wales, Australia (2001-2010) were linked to 

hospital admission records (delivery and antenatal). Algorithm 1 combined data from birth and 

delivery admission records, whereas algorithm 2 combined data from birth record, delivery and 

antenatal admission records. Associations between smoking and placental abruption, preterm birth, 

stillbirth, and low birthweight were assessed using multivariable logistic regression. 

 

Results: Algorithm 1 identified 127,612 smokers (smoking prevalence 15.1%), which was a 9.6% 

and 54.6% increase over the unenhanced identification from birth records alone (prevalence 

13.8%), and delivery admission records alone (prevalence 9.8%), respectively. Algorithm 2 

identified a further 2,408 smokers from antenatal admission records. The enhancement varied by 

maternal socio-demographic characteristics (age, marital status, country of birth, socio-economic 

status), obstetric factors (multi-fetal pregnancy, diabetes, hypertension), and maternity hospital. 

Enhanced and unenhanced identification methods yielded similar odds ratios for placental 

abruption, preterm birth, stillbirth, and low birthweight. 

 

Conclusions: Use of linked data improved the identification of pregnant smokers. Studies relying 

on a single data source should adjust for the under-ascertainment of smokers among certain 

obstetric populations. 
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BACKGROUND 

Maternal smoking during pregnancy is one of the most preventable causes of miscarriage, fetal 

growth restriction, placental abruption, preterm delivery, stillbirth, and perinatal death.1-4 However, 

less than half of smoking women (4%-47%) quit spontaneously when they become pregnant.5 

Between 69% and 75% of women who smoked during their first pregnancy continue to do so in 

subsequent pregnancies, even among those who experience stillbirth or infant death.6-9 Despite a 

decline over the past two decades,1,10,11 the prevalence of maternal smoking remains high in high-

income western countries (11%-17%).8,10-13 

 

In Australia, tobacco control policies, including increased taxation, smoke-free environment 

legislation, expanded graphic health warnings, restricted tobacco advertising, and plain packaging 

and display have been successful in reducing the smoking rate in the general population.14 There 

have been concerted efforts among health professionals across disciplines to identify pregnant 

smokers and provide these women with smoking cessation advice and interventions.2,15,16 

Evaluating the effectiveness of these initiatives among obstetric populations requires population-

wide measures of pregnant smokers. 

 

Routinely collected health data, such as birth records, records of hospital admissions, medical and 

pharmaceutical claims, and birth and death registrations are valuable resources for research on 

smoking during pregnancy because of their whole-of-population coverage.17-19 In Australia, 

routinely collected birth data are currently used for routine reporting and monitoring of smoking 

during pregnancy.20,21 Under-reporting of smoking status, however, may bias the findings of 

research that relies on a single source of routine data.22-26 Using biochemical testing to validate self-

reporting of smoking status, studies conducted in Australia and elsewhere have reported that 

between 6% and 39% of smoking women do not disclose their smoking status.27-31 Greater levels of 
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non-disclosure are found in women who are older, married, and have better socio-economic 

status.23,26,27 As a result, the true prevalence of maternal smoking is likely to be under-estimated and 

opportunities for smoking cessation interventions could be missed. Using medical records as the 

gold standard, Australian validation studies of birth and hospital admission data (for a delivery) 

showed that when smoking is reported in these datasets it is accurate (positive predictive values 

96.1% and 93.0%, respectively) but it is under-ascertained (sensitivities 89.6% and 66.3%, 

respectively).24,25 Such evidence indicates that these data sources, when used alone, are likely to 

under-estimate smoking women. 

 

Given that biochemical testing has not yet been used as a global screening method for maternal 

smoking in Australia, combining information from more than one source of data is an alternative 

strategy to improve the identification of smokers. Linking birth data to hospital admission data has 

provided greater sensitivities of maternal morbidity diagnoses, birth outcomes, and intrapartum 

procedures without any increase in false positives.32-36 Studies in the United States have 

demonstrated that combining information from birth certificates and confidential questionnaires 

yielded higher estimates of maternal smoking prevalence.22,26 Little is known in Australia about the 

extent to which linking birth data with hospital admission data improves the identification of 

pregnant smokers, and its potential impact on estimates of maternal smoking prevalence, and risks 

of smoking-related adverse pregnancy outcomes including placental abruption, preterm delivery, 

stillbirth, and low birthweight. Our study addressed this information gap. 

 

METHODS 

Data sources and linkage 

This study was part of a larger research project (The Smoking MUMS Study),19 which uses birth 

records linked to a number of other routine data collections to investigate the utilisation and safety 



6 
 
 

of smoking cessation pharmacotherapies among obstetric populations. For the current analyses, 

population-based birth records (2001-2010) for women residing in New South Wales (NSW), 

Australia were linked to records of admissions to NSW hospitals (2000-2010). Birth records were 

extracted from the NSW Perinatal Data Collection (referred to as ‘birth record’), which is a 

legislated and population-based surveillance system covering all births (live births and stillbirths of 

at least 20 weeks gestation or at least 400 grams birth weight) in NSW public and private hospitals, 

and at home. The birth data collect information on the health of mothers and babies, including 

maternal socio-demographic characteristics, smoking status, pre-existing and gestational medical 

diagnoses, and outcomes of the pregnancy.20 

 

Hospital admission records were extracted from the NSW Admitted Patient Data Collection, which 

is a mandatory data collection of all hospital discharges from all public, private and repatriation 

hospitals, and private day procedure centres in NSW. The hospital admission data contains maternal 

socio-demographic characteristics, diagnoses, and procedures undertaken. For each hospital 

admission record, between one and 55 diagnoses are coded according to the International Statistical 

Classification of Diseases and Related Health Problems, Tenth Revision, Australian Modification 

(ICD-10-AM).37  

Records from the two sources of data were linked by the NSW Centre for Health Record Linkage, 

using a probabilistic matching method38,39 and the privacy preserving approach.18 The validity of 

the probabilistic record linkage is extremely high, with less than 0.3% false positive links, and less 

than 0.5% missed links.38,39 Only de-identified data were provided to researchers. Because this 

study identified women who smoked during pregnancy, hospital admission records were limited to 

the admission for the delivery (referred to as ‘delivery admission’) and other admissions during the 

pregnancy period (referred to as ‘antenatal admission’). Birth records which were not linked to a 

corresponding delivery admission record were excluded (n=9,758, 1.1%). Multi-fetal pregnancies 
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resulted in more than one birth record containing the same maternal information, for those women 

the first record was selected. 

Study variables 

The birth data include a check box (‘Yes’, ‘ No’) for the item ‘Did the mother smoke cigarettes at 

all during pregnancy?’.20 In hospital admission data, the assignment of the Z72.0 diagnostic code in 

any diagnosis field indicates the use of tobacco in the last month.37 This study identified a pregnant 

smoker using the following methods: 

1. Unenhanced identification from birth records alone: Smokers were identified solely from the 

birth records. 

2. Unenhanced identification from delivery admission records alone: Smokers were identified 

solely from the delivery admission records. 

3. Enhanced algorithm 1: A woman was identified as a smoker if this was indicated in the birth 

record or in the delivery admission record. 

4. Enhanced algorithm 2: A woman was identified as a smoker if this was indicated in the birth 

record, the delivery admission record, or in the antenatal admission record. 

Maternal socio-demographic characteristics included age, country of birth, marital status, residential 

remoteness, residential socio-economic status, type of maternity hospital, and year of delivery. 

Country of birth was grouped as English-speaking (Australia, New Zealand, United Kingdom and 

North America), Asia (South East, North East and Southern Asia), and other non-English speaking 

countries.40 Socio-economic status of residential postcodes was measured by the Socio-Economic 

Index of Area (SEIFA, based on the Index of Relative Socio-economic Disadvantage scores)41 and 

grouped into score quintiles. 

Obstetric characteristics were parity, plurality, diabetes (gestational and pre-existing), and 

hypertension (chronic and pregnancy-induced). Pregnancy outcomes included preterm birth (<37 
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weeks, medically indicated or spontaneous), stillbirth, placental abruption, and small-for-

gestational-age (SGA, <10th birth weight percentile). Maternal smoking is an established risk factor 

for these pregnancy outcomes.1,36,42-48 

Analyses 

Enhancement in identification of pregnant smokers 

The number of smokers identified by the unenhanced and enhanced methods was tabulated 

according to maternal socio-demographic characteristics, obstetric characteristics, and pregnancy 

outcomes. The enhancement was presented as the percentage increase in the identification. The 

percentage increase when comparing the number of smokers identified by algorithm 1 with the 

number of smokers identified from birth records alone, for example, was calculated as below: 

N smokers identified by algorithm 1 – N smokers identified from birth records alone 
X 100% -------------------------------------------------------------------------------------------------- 

N smokers identified from birth records alone 
 

Impact of enhanced identification 

The impact of the enhanced identification of smokers on both absolute and ratio measures was 

examined. To determine the impact on absolute measures, the prevalence of maternal smoking for 

each year between 2001 and 2010 was estimated and compared with the expected rates of smoking 

in pregnant women. The expected rate was interpolated using (i) the number of pregnancies in each 

calendar year tabulated in this study, (ii) annual rate of female smoking (≥16 years) reported by 

NSW Population Health Surveys (PHS, population-based phone-interviews, 2002 to 2010),49 and 

(iii) an overall 4% quitting rate among pregnant women in NSW.50 

 

To examine the impact of the enhanced identification on ratio measures, the risk of preterm birth, 

stillbirth, placental abruption, and SGA associated with maternal smoking was assessed using 

multivariable logistic regression. The odds ratios (OR) were adjusted for year of delivery, maternal 
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age, country of birth, marital status, SEIFA, parity, diabetes, and hypertensive disorders. Only 

singleton pregnancies (n=832,859) were included in the logistic regression analyses. It was 

considered whether adjusted ORs for preterm birth, stillbirth, placental abruption, and SGA were 

consistent with findings from other Australian and international population-based studies that used 

routinely collected data sources or longitudinal cohort data.1,42-48 

 

All analyses were carried out in SAS version 9.3. Ethical approval for this study was granted by the 

NSW Population and Health Services Research Ethics Committee. 

 

RESULTS 

Enhanced identification of smokers 

The final datasets included 846,039 birth records and 1,189,612 hospital admission records 

(846,039 delivery admissions and 343,573 antenatal admissions) for 554,097 women. The mean 

maternal age was 30.4 years (standard deviation 5.6.years, median 30.7 years). Table 1 shows the 

number of smokers identified by the enhanced algorithm 1 and percentage increase over the 

identification by the unenhanced methods. In the entire linked dataset, 127,612 smokers were 

detected using the enhanced algorithm 1, whereas 116,387 and 82,565 smokers respectively were 

identified from birth records alone, and delivery admission records alone. 

 

Compared to the unenhanced identification from the birth records, algorithm 1 increased the 

detection of smokers by 9.6% overall. The largest increases were  among women who had obstetric 

care in a private hospital (28.6%), who were born in a non-English speaking country (Asia 21.1%, 

other country 17.0%), and who lived in areas of highest socio-economic status (first SEIFA quintile 

18.5%). The enhancement was around 14% among women who had a multi-fetal pregnancy, 

diabetes, hypertension, and a large-for-gestational-age infant. The increase was  about 12% among 
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women who were married or aged ≥30 years. A small increase (3.6%) was found among rural 

hospitals (Table 1). 

 

Compared to the unenhanced identification from the delivery admission records, algorithm 1 

increased the identification of smokers by 54.6% overall. The greatest increase (115.7%) was 

among women who were born in Asian countries (2,293 smokers identified by algorithm 1 versus 

1,063 smokers identified from the delivery admission records alone). Large increases were also 

among those who had obstetric care in a private (96.3%) or rural (83.7%) hospital, who born in 

another non-English speaking country (78.2%), and who lived in the first SEIFA quintile areas 

(77.2%) (Table 1). 

 

Compared with algorithm 1, the enhanced algorithm 2 identified a further 2,408 (1.9%) smokers 

from antenatal admission records. The increase varied only slightly according to maternal 

characteristics and pregnancy outcomes, with the largest increases in women who had triplets or 

quadruplet births (6.9%), twin births (4.5%), or who had obstetric care in a private hospital (4.5%) 

(Table 1). 

Insert Table 1 about here 

 

Prevalence of maternal smoking 

The overall prevalence of maternal smoking estimated from delivery admission records alone was 

9.8% (95% confidence interval [95%CI] 9.7-9.8), from birth records alone was 13.7% (95%CI 

13.7-13.8), from algorithm 1 was 15.1% (95%CI 15.0-15.2), and from algorithm 2 was 15.4% 

(95%CI 15.3-15.4). Between 2001 and 2010, there was a declining trend in the prevalence of 

smoking in pregnant women and in the general female population (Figure 1). The prevalence of 

maternal smoking estimated using the algorithm 1 was comparable to the expected rates of maternal 
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smoking for the following years: 2002 (18.2% vs 18.9%), 2006 (15.0% vs 15.6%), 2007 (13.9% vs 

14.8%), 2009 (13.1% vs 13.6%), and 2010 (12.3% vs 13.0%). 

Insert Figure 1 about here 

 

Effects of smoking on pregnancy outcomes 

Results of multivariable logistic regression analyses are presented in Table 2. Enhanced and 

unenhanced identification of smokers yielded similar adjusted ORs for placental abruption (1.94 to 

2.07), preterm birth (1.59 to 1.73), stillbirth (1.21 to 1.40), and SGA (2.28-2.46). These estimates 

were consistent with those reported in other population-based studies conducted in Australia and 

elsewhere (Table 2). 

Insert Table 2 about here 

 

DISCUSSION 

Routinely collected birth and hospital admission data are increasingly in use for surveillance and 

health research, however, these individual datasets under-estimate maternal smoking.24,25 This study 

showed that combining smoking information from the birth and hospital admission data enhanced 

the identification of pregnant smokers and improved the estimates of prevalence of smoking during 

pregnancy among Australian women. Estimates of the effects of maternal smoking on placental 

abruption, preterm birth, stillbirth, and low birth weight were similar to those in the published 

literature, irrespective of whether unenhanced or enhanced methods were used. 

 

Previous studies have reported that the accuracy and completeness of the recording of pre-existing 

and pregnancy-induced medical diagnoses in Australian hospital morbidity data was generally 

better than in birth data.33,35 In contrast, this study found that birth records provided a higher 

enumeration of pregnant smokers than hospital admission records. This is likely to reflect the fact 
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that birth records are collected primarily for surveillance purposes, and include a specific, 

mandatory data item for smoking. On the contrary, hospital morbidity data are collected mainly for 

administrative purposes, do not contain a smoking-specific item, and the recording of smoking as a 

diagnosis is required only when smoking affects patient management.37 In addition, pregnant 

women have frequent contacts with antenatal clinic staff during their pregnancy, therefore 

increasing the chance that their smoking status will be identified and reported in their birth record. 

 

Although results from the logistic regression analyses suggest that the odds ratios were independent 

of the source of the smoking information,  this research supports the use of record linkage to define 

maternal smoking in analyses of routinely collected data. This study has shown that linked data 

differentially increased the ascertainment of smokers in not only women who are at higher risk of 

adverse outcomes (older age, multi-fetus pregnancy, diabetes, hypertension) but also in women who 

are known to under-report their smoking status (older age, married, immigrants from non-English 

speaking countries, and high socio-economic status).23,26,27 Factors contributing to voluntary 

disclosure of smoking among pregnant women may include contextual circumstances in which 

women describe their smoking status, clarity and wording of questions being asked about smoking, 

and motivations of women as mediated by social desirability, cultural and social norms.51 In 

addition, it is also important that linking the records has resulted in a greater detection of smokers 

among women who gave birth in private and rural hospitals, given existing evidence that the data 

recording in these hospitals is less likely to be complete than in public or urban hospitals.17,52 

 

Comparing the two enhanced algorithms,  it was found that additional information from antenatal 

admissions provided little enhanced benefit. This is in contrast to a report from another study that 

the use of antenatal admission records significantly increased the identification of pre-existing 

chronic diagnoses, by amounts ranging from 6.0% for diabetes, 17.9% for thyroid disorders, 30.5% 
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for psychiatric disorders, and 44.2% for asthma or chronic obstructive pulmonary disease, to 

223.9% for chronic renal disease.53 The disparity between the two studies is likely to be due to the 

difference in nature of conditions under investigation. Chronic conditions often complicate the 

pregnancy, and need to be managed in hospital, and, as a result, present greater opportunities for 

identification during antenatal admissions. Meanwhile, smoking is of concern only when it 

interferes with patient management.37 

 

Although no separate data source was available to compare the enhanced identification of smokers, 

by benchmarking findings against the population-based surveys this research has demonstrated that 

the enhanced algorithms produce estimates of maternal smoking prevalence that are similar to the 

expected rates of smoking in women of reproductive age. Low false positives for smoking in birth 

records and hospital records24,25,54 suggest that the use of linked data reduced the number of 

smokers who were incorrectly reported as non-smokers, rather than incorrectly identifying non-

smokers as smokers. 

 

CONCLUSION 

Combining data from routinely collected birth records and records of hospital admissions for the 

birth delivery significantly enhanced the identification of women who smoked during pregnancy, 

thus generating better estimates of maternal smoking prevalence. Greatest enhancement was among 

older mothers, immigrants from non-English speaking countries, those who lived in high socio-

economic areas, had a high-risk pregnancy, and gave birth in private or rural hospitals. Studies 

using a single source of routinely collected data should consider making adjustments for the 

differential misclassification of smoking status in certain obstetric populations. 
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Figure 1: Prevalence of maternal smoking according to enhanced and unenhanced identification of 

smokers, and rates of smoking in the general female population in NSW, 2001-2010 
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• NSW Population Health Survey: Age-adjusted rates of daily or occasional smoking 
among females (≥16 years). Rates and number of respondents: 2002 (18.9%, 7388), 
2003 (20.0%, 7759), 2004 (19.3%, 5855), 2005 (17.6%, 6962), 2006 (16.2%, 4802), 
2007 (15.4%, 8178), 2008 (17.2%, 6268), 2009 (14.2%, 6696) and 2010 (13.5%, 6475).  

• In 2001, PHS was not conducted. Birth records and hospital data were available for the 
last 6 months. 

• Prevalence estimates by algorithm 1 and algorithm 2 are almost identical. 
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Table 1: Number of pregnant smokers identified by the enhanced algorithms (N) and percentage 
increase compared to unenhanced identification (%) 
 

  
Number  

of 
pregnancies 

Smokers identified by algorithms and percentage increase 

Algorithm 1*  Algorithm 2** 

N 

Increase 
over birth 

records 
alone (%) 

Increase 
over 

delivery 
admissions 

alone (%) 

 N 

Increase 
over 

algorithm 1 
(%) 

Overall 846,039 127,612 9.6 54.6 
 

130,020 1.9 
Year of delivery 

       
 

2001§ 41,955 7,426 8.4 60.8 
 

7,536 1.5 

 
2002 83,923 15,241 10.8 54.6 

 
15,446 1.3 

 
2003 84,439 14,195 10.7 48.0 

 
14,440 1.7 

 
2004 83,070 13,573 9.9 46.6 

 
13,829 1.9 

 
2005 87,724 13,776 9.4 47.2 

 
14,080 2.2 

 
2006 89,862 13,455 10.8 48.9 

 
13,722 2.0 

 
2007 93,604 13,038 8.8 57.1 

 
13,313 2.1 

 
2008 93,682 13,040 9.0 59.9 

 
13,313 2.1 

 
2009 94,148 12,317 8.6 65.8 

 
12,563 2.0 

 
2010 93,632 11,551 9.2 65.9 

 
11,778 2.0 

Maternal age† 
       

 
Under 20 years 32,058 13,221 6.6 50.3 

 
13,495 2.1 

 
20-24 years 119,830 33,412 7.8 53.5 

 
34,041 1.9 

 
25-29 years 232,811 34,874 10.1 54.6 

 
35,496 1.8 

 
30-34 years 279,292 28,003 11.5 56.7 

 
28,517 1.8 

 
≥35 years 182,032 18,098 11.7 56.4 

 
18,467 2.0 

Country of birth 
       

 
English-speaking 649,954 118,747 9.1 52.6 

 
120,909 1.8 

 
Asian 106,572 2,293 21.1 115.7 

 
2,348 2.4 

 
Other 89,513 6,572 17.0 78.2 

 
6,763 2.9 

Marital status 
       

 
Married, de-facto 697,659 69,530 12.1 58.5 

 
71,021 2.1 

 
Never married 130,336 52,601 6.6 50.0 

 
53,415 1.5 

 

Widow, separated, 
others 18,044 5,481 8.3 51.0 

 
5,584 1.9 

Socioeconomic status (SEIFA)† 
      

 
1st quintile (highest) 193,586 10,014 18.8 77.2 

 
10,339 3.2 

 
2nd quintile 169,335 20,521 12.4 53.5 

 
20,957 2.1 

 
3rd quintile 190,504 33,963 9.3 49.7 

 
34,567 1.8 

 
4th quintile 146,294 32,222 7.4 52.6 

 
32,739 1.6 

 
5th quintile (lowest) 137,654 29,295 8.1 57.7 

 
29,806 1.7 

Maternity hospital† 
       

 
Private 203,197 5,472 28.6 96.3 

 
5,716 4.5 

 
Tertiary 231,773 32,708 14.9 53.4 

 
33,584 2.7 

 
Regional urban 148,088 32,359 8.7 46.3 

 
33,018 2.0 

 
District urban 244,294 52,247 6.1 55.0 

 
52,825 1.1 

 
Rural 18,675 4,819 3.6 83.7 

 
4,870 1.1 
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Parity† 

       
 

Primipara 353,943 44,799 10.7 66.2 
 

45,868 2.4 

 
One 283,672 35,819 10.8 51.1 

 
36,449 1.8 

 
Two 128,903 23,214 8.9 48.9 

 
23,616 1.7 

 
Three or more 78,308 23,620 6.6 45.8 

 
23,923 1.3 

Plurality 
      

 
Singleton 832,859 125,813 9.6 54.6 

 
128,140 1.8 

 
Twins 12,933 1,770 14.1 53.9 

 
1,849 4.5 

 
Triplets/ quadruplets 247 29 16.0 61.1 

 
31 6.9 

Diabetes*** 
       

 
Yes 44,218 4,982 14.3 52.2 

 
5,128 2.9 

 
No 801,821 122,630 9.5 54.7 

 
124,892 1.8 

Hypertensive disorders*** 
      

 
Yes 78,169 8,762 14.1 52.1 

 
9,062 3.4 

 
No 767,870 118,850 9.3 54.7 

 
120,958 1.8 

Preterm birth† 
       

 
Yes (<37 weeks)*** 55,708 12,635 9.0 50.7 

 
13,028 3.1 

 
No 790,323 114,976 9.7 55.0 

 
116,991 1.8 

Stillbirth† 
       

 
Stillbirth 5,038 1,122 8.8 63.8 

 
1,151 2.6 

 
Live birth 840,599 126,390 9.6 54.5 

 
128,767 1.9 

Placental abruption  
      

 
Yes 3,772 1,048 10.5 44.0 

 
1,072 2.3 

 
No 842,267 126,564 9.6 54.7 

 
128,948 1.9 

Birthweight for gestational age‡ 
      

 
Appropriate 669,016 96,753 9.9 55.8 

 
98,592 1.9 

 
Small 78,997 21,678 7.0 47.0 

 
21,967 1.3 

 
Large 91,550 7,814 14.1 60.8 

 
8,059 3.1 

§      Data for 2001 were available for the last six months 
*: Smoker as indicated by birth record or delivery admission record 
**: Smoker as indicated by birth record, delivery admission record, or antenatal admission record 
***: Diabetes included gestational and pre-existing diabetes. Hypertensive disorders included chronic 
 hypertensive and pregnancy-induced hypertensive diagnoses. Preterm birth included medically    
        indicated and spontaneous delivery <37 weeks. 
†:  Total number of pregnancy less than 846,039 due to missing data. 
‡:  Among live births, total number of pregnancy less than 840,599 due to missing data.  
        Small birthweight:  <10th percentile,  Large: >90th percentile.   
        SEIFA: Socio-Economic Indexes for Area, quintile scores of the Index of Relative Socio-economic  
                   Disadvantage 
 

 
 



21 
 

Table 2: Odds ratios of pregnancy outcomes according to identification methods in this study in comparison with published results from other 
population-based studies. 
 

 Sample size*; data source, study 
period 

Estimates and 95% confidence intervals 

Placental 
abruption 

Preterm 
birth Stillbirth Small for 

gestational age 

This study 
832,859; NSW birth records and 
hospital admission records, 2001-
2010 

    

Birth records alone, OR**  1.94 (1.78-2.12) 1.67 (1.63-1.72) 1.38 (1.27-1.49) 2.46 (2.41-2.52)† 

Delivery admission records alone, OR**  1.97 (1.79-2.16) 1.59 (1.55-1.64) 1.21 (1.10-1.32) 2.28 (2.23-2.33)† 

Algorithm 1, OR**  2.04 (1.87-2.22) 1.68 (1.64-1.73) 1.38 (1.28-1.49) 2.44 (2.39-2.49)† 

Algorithm 2, OR**  2.07 (1.90-2.25) 1.73 (1.68-1.77) 1.40 (1.30-1.52) 2.43 (2.38-2.48)† 

Previous population-based studies      

Cnattingius 2004,1 RR or OR A review of literature 1.40 to 2.40 1.20 to 1.60 1.20 to 1.80 1.50 to 2.90 

Aliyu 2011,42 OR 312,505;  US Missouri birth 
certificates, 1989-2005 1.67 (1.59-1.74) 1.19 (1.17-1.21) 1.20 (1.13-1.28) 2.27 (0.24-2.30) 

Chan 2001,43 RR 36,059; South Australia Perinatal 
Data Collection, 1998-1999  1.64 (1.51-1.80)  2.28 (2.14-2.43) 

Salihu 2005,44 OR 7,792,990; US Perinatal data, 
1995-1997  1.30 (1.20-1.30)  2.30 (2.20-2.40) 

Salihu 2008,45 OR 1,444,378; US Missouri birth 
certificates, 1987-1997 1.34 (1.26-1.43)    

Ananth 2001,46 RR 7,465,858; US National birth and 
death certificates, 1995-1996 1.97 (1.92-2.02)    

van den Berg 2013,47 OR 3,793; Netherlands population-
based cohort study, 2003-2004    3.06 (2.11–4.43) 

Raymond 1994,48 OR 638,242;  Sweden Medical Birth 
Register, 1983-1989   1.40 (1.20-1.40)  

OR: Odds ratios,   RR: Relative risks         *: Among singleton pregnancies         **: Adjusted for year of birth, maternal age, country of birth, marital status, private 
health insurance, residential remoteness, SEIFA, parity, diabetes, and hypertensive disorders.                    †: Among live births 
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