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Abstract

Background: Prenatal alcohol use (PAU) is a risk factor for many adverse maternal, 

fetal, and child health outcomes. In Australia, a range of interventions have been 

implemented  in  recent  decades  to  reduce  the  harms  associated  with  alcohol 

consumption during pregnancy. While there is evidence of a national decline in the 

prevalence of PAU, there is limited information on changes in the Northern Territory 

(NT). This study aims to estimate the trends in PAU among NT Aboriginal and non-

Aboriginal women. 

Methods: We used de-identified, individual-level linked records from perinatal care, 

hospital admissions and emergency department (ED) presentations to estimate trends 

in PAU for all births to NT women between 2001 and 2017. We classified PAU into “No 

PAU” (a record of no alcohol consumption in pregnancy) and “any PAU” (a record of  

alcohol consumption in pregnancy). Sub-categories of any PAU included “Early PAU” 

(a record of alcohol use in early pregnancy only), “Continued PAU” (a record of alcohol 

use in early and late pregnancy), “Extreme PAU” (a record of hospital admission or ED 

presentation with an alcohol-related diagnosis during pregnancy), and “Unknown PAU” 

(insufficient information). We used a joinpoint regression model to estimate the Annual 

Percentage Change (APC) with 95% confidence intervals (CI). 

Result: There were 63,081 births to 39,075 NT mothers (11,723 Aboriginal and 27,352 

non-Aboriginal). For all births, from 2001 to 2017, there was a 5% annual decrease in 

PAU prevalence (APC: -5.2; 95% CI: -6.3, -4.3), with variations in trend by Aboriginal 

status and PAU category. For births to Aboriginal women, there was no evidence of 

overall change in annual PAU prevalence (APC: -0.6; 95%CI: -1.8, 0.6), no change in 

early PAU (APC: 1.1; 95%CI: -0.5, 2.8), a decrease in continued PAU (APC: -4.5; 

95%CI: -6.4, -2.7), and an increase in extreme PAU (APC:10.7; 95%CI: 7.7, 15.7). For 

births to non-Aboriginal women, there was a decline in any PAU prevalence (APC: 

-10.7; 95%CI: -13.1, -9.1), early PAU (APC: -8.9; 95%CI: -11.4, -7.1) and continued 

PAU (APC: -13.9; 95%CI: -17.2, -11.84). On average, 17.9% of births had unknown 

PAU values (23.1% births to Aboriginal and 14.9% births to non-Aboriginal women), 

with a trend toward improved capture of PAU for births to Aboriginal women only (APC: 

-1.8; 95%CI: -2.9, -0.9).
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Conclusion:  This study highlights the prevalence of PAU in the NT is decreasing 

disproportionately among Aboriginal and non-Aboriginal women. The general decline 

in PAU among NT non-Aboriginal women is consistent with national trends. However, 

the mixed results for Aboriginal women, and particularly the marked increase in the 

extreme PAU category, emphasise the need for a more targeted approach to reduce 

PAU  in  this  population.  Additionally,  improvements  in  recording  alcohol  use  at 

antenatal  care  visits  can  enhance  data  quality  and  support  more  effective 

interventions. 

Keywords: Alcohol, Preconception, Pregnancy, Joinpoint Regression, Smoking, 

Trends

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



4

Introduction

The adverse effects of prenatal alcohol use (PAU) have been widely reported and 

include multiple health and social problems for both the mother and child [1]. PAU can 

cause fetal  alcohol spectrum disorders (FASD), a diagnostic term that is used to 

describe the diverse and lifelong developmental effects that exposure to alcohol during 

pregnancy  has  on  the  developing  fetus  [2–8],  as  well  as  other  harms  such  as 

spontaneous abortion, stillbirth [6, 9–11], preterm birth [10, 11],  low birthweight [10, 

12],  small  for  gestational  age  [11–13],  congenital  anomalies  [4],  developmental 

impairment [14], and learning disabilities [6, 15–17].  Globally, an estimated 10% of all 

pregnancies  are  exposed  to  PAU  [1].  Understanding  the  patterns  in  the  annual 

prevalence of  PAU is critical  to  an effective response to reduce prenatal  alcohol 

exposure.

The Australian Government has been working to reduce harms related to alcohol 

during  pregnancy.  In  2001,  the  National  Health  and  Medical  Research  Council 

(NHMRC) guidelines to reduce harms related to alcohol during pregnancy emphasise 

avoiding intoxication and recommend fewer than seven standard drinks per week, and 

no more than two standard drinks on any one day [18]. In 2009, Australia revised the 

national alcohol guidelines, recommending that pregnant women abstain entirely from 

consuming alcohol [19]. This guideline was designed to reduce PAU and its associated 

harms by informing women about alcohol associated risks, encouraging abstinence, 

and guiding healthcare providers to promote safe practices [2, 19, 20]. Notably, the 

most recent national guidelines (2020) continue to reinforce the message that there is 

no safe level, time, or type of alcohol consumption during pregnancy [2, 21, 22]. In 

2022,  Australia  introduced  mandatory  pregnancy  warning  labels  on  alcoholic 

beverages, as required by national food standards [23]. The launching of the “Every 

Moment Matters” public awareness campaign to increase the understanding of “no 

alcohol during pregnancy, planning pregnancy, and breastfeeding is the safest option” 

in 2021 was an additional effort that intended to reduce alcohol-related harms [24]. In 

the Northern Territory (NT), while there have been no specific interventions to respond 

to PAU, reducing alcohol-related harm in the general population has been a long-

standing public health focus. Beginning with the NT Liquor Act in 1979 and followed 

by the Living with Alcohol (LWA) program in 1992, there has been a continuing stream 
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of initiatives designed to reduce alcohol-related harm, which may have contributed to 

declines in both acute and chronic alcohol-related morbidity and mortality [21, 22, 25], 

including alcohol-related injury and hospitalisations [26].

In Australia, the annual prevalence of PAU declined from 2001 to 2016. The most 

significant decline was observed from 2001 to 2010, where PAU dropped from 44% to 

20% [27]. After 2010, alcohol use after pregnancy recognition plateaued, while pre-

recognition use declined by half from 44.6% in 2010 to 22.9% in 2016 [27]. Between 

2020 and 2023,  the national  annual  prevalence of  PAU in  the first  20 weeks of 

pregnancy  remained  low  (2.3%–2.6%),  while  higher  rates  were  reported  in  the 

Northern Territory (NT) (3.4%–4.4%)  [28]. In a separate study, PAU prevalence for 

births in the NT, across five years (2013 - 2017), was reported to be  5.7%, with a  

marked disparity between Aboriginal (13%) and non-Aboriginal women (2.3%) [29]. 

This estimate was based on alcohol use reported at the first antenatal care visit, at 36 

weeks of  gestation,  and from alcohol-related hospital  admissions and emergency 

department presentations [29]. 

Previous Australian studies have estimated the annual prevalence of PAU and have 

reported trends [30, 31]. However, they have a number of limitations. First, they have 

not provided results for the NT, and only one has provided estimates for Aboriginal and 

Torres Strait Islander women [32]. There have also been limitations in sample size and 

coverage [32] and response rate [30, 31]. All previous studies have relied on a single 

survey or national datasets to estimate PAU prevalence and trends. These limitations 

have prevented an accurate assessment of PAU trends in the NT, particularly among 

Aboriginal  women,  including  the  assessment  of  the  impact  of  national  and  local 

interventions to reduce PAU. Therefore, this study aims to examine long-term trends 

in the annual prevalence of PAU, by risk category, for births to NT Aboriginal and non-

Aboriginal women.

Methods and materials

Study design and setting

This  is  a  retrospective  study  using  linked,  individual-level  data  from  three  NT 

administrative  datasets:  the  NT  Perinatal  Data  Register,  the  NT  Emergency 

Department Activity dataset, and the NT Hospital Inpatient Activity dataset  [33–35]. 
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The data linkage technique linked birth records from 2001 to 2017, with admission and 

emergency department (ED) records for mothers. We included records from 2001 to 

2017 in our trend analysis and excluded earlier birth records because NT hospital 

admission data began in April 2000 and ED presentation data in July 2000; therefore, 

2001 was the first complete year for prevalence calculation (Figure 1). 

We obtained the data from a repository developed through a collaboration between 

the Menzies School of Health Research and NT Government agencies - the Child and 

Youth  Development  Research  Partnership  [36].  The  NT Perinatal  Data  Register, 

established in 1986, contains detailed records of antenatal care and birth outcomes 

for all births in the NT (of ≥20 weeks' gestation or birthweight ≥400g). We used NT 

hospital  admission  and  ED  datasets  to  identify  maternal  admissions  and  ED 

presentations  for:  alcohol-related,   mental  health-related  and  substance  misuse-

related conditions (including current tobacco use, psychoactive substances, poisoning 

by noxious substances, medications, and other drugs) (Supplementary Table 1b); and 

all forms of violence during pregnancy and in the year before pregnancy. Diagnoses 

were classified in the datasets using the International Classification of Diseases and 

Related  Conditions,  10th Revision,  Australian  Modification  (ICD-10-AM)  [37] 

(Supplementary Table 1a & 1b) [29].

The NT is a sparsely populated, self-governing jurisdiction in the north and central 

parts of Australia, with a population of 250,700 and a land area of 1,346,200km² [38]. 

The NT Aboriginal population are approximately 30.8% of the total NT population, of 

whom 80% live in rural or remote areas [39]. There were five public and one private 

hospital  that  provided  maternity  services  during  the  study  period.  In  addition  to 

healthcare services,  including  antenatal  care,  are  provided through a network  of 

government  and  non-government  services,  including  government  primary  care 

services,  Aboriginal  Community  Controlled  Health  Organisations  (ACCHOs),  and 

private practitioners [38, 40].

Study variables

Prenatal Alcohol Use (PAU) is the dependent variable, and we show its change over 

time among births to Aboriginal and non-Aboriginal women. As described previously 

and presented in Supplementary Table 2 [29], a permutation analysis technique was 
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used to classify information on alcohol use recorded in early and late pregnancy in the 

perinatal dataset, and in hospital admission and ED presentation records, into a 36-

combination matrix [29]. This matrix was then collapsed into five PAU categories (No 

PAU, Early PAU, Continued PAU, Extreme PAU, and Unknown PAU). Births to women 

who had a perinatal  record of  no alcohol  consumption during pregnancy and no 

admissions or ED presentations with a diagnosis of an alcohol-related condition during 

pregnancy were categorised as “No PAU”. Births to women with a record of alcohol 

consumption at the time of their first antenatal care visit only were classified under the 

“Early  PAU”  category.  Births  to  women  who  had  a  perinatal  record  of  alcohol 

consumption at 36 weeks of gestation or both the first antenatal visit, and the 36-week 

antenatal  visit)  were  categorised  under  the  “Continued  PAU”  category.  Births  to 

women with any hospital admission or ED presentation during the specified pregnancy 

with a diagnosis of an alcohol-related condition were classified under the “Extreme 

PAU” category. The ICD-10-AM diagnosis codes for alcohol related conditions are 

alcohol abuse (F10.0, F10.1), alcohol dependence syndrome (F10.2), and alcoholic 

psychosis (F10.3 – F10.9),  as well  as alcohol-related diseases such as alcoholic 

gastritis (K29.2), alcoholic liver disease (K70.0 - K70.4, K70.9), alcohol-induced acute 

pancreatitis (K85.2), and alcohol poisoning (Y15) [37]. Births to women with insufficient 

information to categorise into one of the above four categories were classified as 

“Unknown PAU” (Supplementary Table 2) [29]. 

The independent variables used in this study were Aboriginal status of the mother (0 

for non-Aboriginal women, and 1 for Aboriginal women), mother's age (continuous), 

number of antenatal care visits (coded as 0 for zero visits, 1 for 1-4 antenatal care 

visits, 2 for five or more antenatal care visits, and 3 for missing), parity (0, 1, and 2+),  

smoking (0 for non-smokers, 1 for smokers, and 2 for missing), substance misuse-

related hospitalisation (0 for No, and 1 for Yes), mental health-related hospitalisation 

(0 for No, and 1 for Yes), violence (0 for No, and 1 for Yes), and self-harm (0 for No,  

and 1 for Yes). Information about age, antenatal care visits, smoking, and Aboriginal 

status  of  the  mother  originated  from  the  NT  Perinatal  Registry  dataset.  For 

consistency, mothers whose Aboriginal status varied across pregnancies were defined 

using  the  “ever”  Aboriginal  classification  [41].  Substance  misuse-related 

hospitalisation, mental health-related hospitalisation and hospitalisation for violence 

and self-harm in the 12 months prior to or during pregnancy were extracted from the 
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NT hospital admission and ED presentation datasets using the ICD-10-AM diagnosis 

codes (Supplementary Table 1a & 1b) [29]. 

Data management and analysis

To  understand  the  patterns  of  change  in  PAU,  we  estimated  trends  in  annual 

prevalence for the following populations: (I) PAU trends for all births, (II) PAU trends 

for births to Aboriginal and non-Aboriginal women, and (III) PAU trends for births to 

Aboriginal and non-Aboriginal women by PAU category. 

The prevalence of PAU in each category was calculated for each year between 2001 

and 2017. Then, the year, the prevalence of PAU (proportion), and the standard error 

of the proportion [42], were exported to the Joinpoint Regression Program (version 

4.5.0.0)  [43].  Joinpoint  regression uses the Annual  Percentage Change (APC) to 

quantify changes in annual prevalence at each identified turning point (TP) or joint 

point. The choice of Joinpoints was based on a Monte Carlo permutation method, 

which reports both a best-fit line and a test of statistical significance [43–45]. 

A chi-square test of independence and cross-tabulation were used to evaluate the 

relationship between categorical variables for births to Aboriginal and non-Aboriginal 

women [46]. We applied a binary logistic regression model with restricted cubic splines 

to adjust the trend in PAU, stratified by Aboriginal status  [47–49]. Restricted cubic 

splines are used to model non-linear associations in regression. They divide the range 

of a variable into intervals and fit smooth curves between the knots (or joinpoints). The 

number of splines is calculated as k–1, where k is the number of knots, chosen using 

the Joinpoint regression model with the Monte Carlo permutation method [48–50]. We 

used predictive margins and plots to estimate adjusted probabilities. We also used a 

postestimation command (xblc) in Stata to compute odds ratios and 95% confidence 

intervals for spline-transformed years, allowing for the interpretation of the non-linear 

relationship between the year of birth (cubic splines) and changes in PAU prevalence 

[51]. Multicollinearity [52] was checked using the Variance Inflation Factor (VIF > 10). 

We used STATA (Stata/MP 17.0 for Windows) software [53] for analysis. The threshold 

for statistical significance was set at an alpha level of 0.05.

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



9

Missing data management

We examined the characteristics of records with Unknown PAU in the datasets and 

compared them with those of complete PAU records using a frequency distribution 

table.  The  distribution  of  covariates  between  Unknown  PAU  and  complete  PAU 

records was homogeneous. Thus, this trend analysis, including logistic regression and 

restricted cubic spline models, and adjusted odds ratio, was a complete case analysis, 

as the impact of missing data on model coefficients was minimal  [54]. A detailed 

description of the missing variables is presented in a table (Supplementary Table 3).

Results

There were 69,968 birth records in the NT from 2000 to 2017. After excluding 6,101 

records, including births to non-NT resident mothers (1,523) and births in 2000 (3,472), 

the study cohort  comprised 63,081 births to 39,075 NT resident mothers (11,723 

Aboriginal  and  27,352  non-Aboriginal)  from  2001–2017  (Figure  1).  Most  babies 

(81.6%) were born in one of five public hospitals, while approximately 18% were born 

in a single private NT hospital. Most births (87.9%) were to women who attended five 

or more antenatal care visits. The average maternal age at delivery was 27.8 years 

(±6.3) (Table 1). Among all births, 23,285 (36.9%) were born to Aboriginal mothers. 

Most pregnancies (98.7%) were singletons. Overall, 27% (95%CI: 26.8, 27.5) of births 

were to mothers who smoked during pregnancy (Table 1).

Hospital admissions of women related to substance misuse, mental health conditions, 

experience of violence, and self-harm were documented in 1.4% (95% CI: 1.3–1.5), 

1.2% (95% CI: 1.1–1.3), 2.2% (95% CI: 2.1–2.4), and 0.3% (95% CI: 0.2–0.3) of births, 

respectively (Table 1). The proportion of women with admission with these conditions 

was higher among Aboriginal women than non-Aboriginal women (p<0.001) (Table 1). 

In analysis, 17.9% of births had Unknown PAU data (22.9% and 14.9% for births to 

Aboriginal and non-Aboriginal women, respectively), 1.3% missing data on antenatal 

care  visits  (2.3%  and  0.7%  for  births  to  Aboriginal  and  non-Aboriginal  women, 

respectively), and 9.1% had missing smoking status (13.3% and 6.7% for births to 

Aboriginal and non-Aboriginal women, respectively) (Table 1). 
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63,081 births 
to NT women 
were included 

in the trend 
analysis

39,796 births to 
non-Aboriginal 

women

23,285 births to 
Aboriginal 

women

Merging process

 Perinatal registry (67,353) was 
merged with 

1. Hospital  Admission (736,548), 

and

2. ED presentations (1,262,746)

Merged datasets

N = 63,867 records

(2001 – 2017)

Records removed

 Birth records for 2000 

excluded due to incomplete 

hospital data = 3,472 

 14 observation – due to 

birth weight <400 or 

Gestational age <20 weeks

Data cleaning

Perinatal registry

N = 67,353 records

(2000 – 2017)

Records removed

 Aboriginal status Unknown = 27

 Mothers' state of residence 
outside the Northern Territory 
(NT) = 1523

 Mothers' state of residence 
Unknown = 42

 Unknown gestational age = 5

 Mothers’ linkage key missing 
=19

Perinatal registry

N = 69,968 records

(2000 – 2017)
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Figure 1: Study cohort selection. 

Table 1: Maternal sociodemographic and behavioural characteristics between 
2001 – 2017 to NT mothers– (n = 63,081).

Variables Births to Aboriginal 
women 

(N=23,285) N (%)

Births to non-
Aboriginal women 
(N=39,796) N (%)

All births in NT 
(N=63,081) N 

(%)
Age of mother at delivery
     Less than 20 Years
     20 – 24 years
     25 – 29 years
     30 – 34 years 
      35+ years

5,369 (23.0)
7,353 (31.6)
5,509 (23.7)
3,350 (14.4)
1,704 (7.3)

1,283 (3.2)
5,976 (15.0)
11,580 (29.1)
12,900 (32.4)
8,057 (20.3)

6,652 (10.6)
13,329 (21.1)
17,089 (27.1)
16,250 (25.8)
9,761 (15.5)

Antenatal care visits
     Zero visits
     1 – 4 visits
     5+ visits
     Missing

478 (2.1)
4,203 (18.1)
18,053 (77.5)
551 (2.3)

253 (0.6)
1,873 (4.7)
37,407 (94.0)
261 (0.7)

731 (1.2)
6,076 (9.6)
55,462 (87.9)
812 (1.3)

Plurality count
     Singleton
     Twins and Triplets

23,035 (98.9)
250 (1.1)

39,250 (98.6)
546 (1.4)

62,285 (98.7)
796 (1.7)

Parity
     0
     1
     2+

7,414 (31.8)
5,901 (25.4)
9,970 (42.8)

17,736 (44.6)
13,134 (33.0)
8,926 (22.4)

25,150 (39.9)
19,035 (30.2)
18,896 (29.9)

Smoking status of mothers
   Non-smoker
   Smoker
   Missing

9,954 (42.8)
10,242 (43.9)
3,089 (13.3)

31,760 (79.8)
5,366 (13.5)
2,670 (6.7)

41,714 (66.1)
15,608 (24.8)
5,759 (9.1)

Substance misuse-related 
hospitalisation
     Yes
      No

705 (3.0)
22,580 (97.0)

148 (0.4)
39,648 (99.6)

853 (1.4) 
62,228 (98.6)

Mental health-related 
hospitalisation
      Yes
      No

380 (1.6)
22,905 (98.4)

385 (1.0)
39,411 (99.0)

765 (1.2)
62,316 (98.8)

Hospital  admission  for  all 
forms of violence 
      Yes
      No

1,088 (4.7)
22,197 (95.3)

322 (0.8)
49,474 (99.2)

1,410 (2.2)
61,671 (97.8)

Hospital  admission  for  self-
harm
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      Yes
      No

106 (0.5)
23,179 (99.5)

58 (0.2)
439,738 (99.8)

164 (0.3)
62,917 (99.7)
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Trends in the annual prevalence of prenatal alcohol use (2001 – 2017)

Trend of PAU among all women

For births to all women, there was a decline in any PAU from 10.9% in 2001 to 6.2% 

in 2017 (AAPC: –5.2; 95%CI: –6.2, –4.2; p < 0.001). (Table 2 and Supplementary Table 

4a). 

Trends of PAU among Aboriginal women

The trend in the prevalence of any PAU for births to Aboriginal women fluctuated over 

time — stable from 2001–2003, rising by 3.3% annually from 2003–2009, declining by 

6.1% from 2009–2014, and increasing again by 7.5% from 2014–2017 — showing no 

evidence of an overall change (AAPC: –0.7; 95%CI: –1.8, 0.4; p = 0.19) (Table 2 & 

Supplementary Figure 2). There was no evidence of annual change in "Early PAU" 

(APC: 1.1; 95% CI: -0.5, 2.8; p = 0.16) (Table 2 and Supplementary Figure 3). The 

prevalence of "Continued PAU" decreased from 9.2% in 2001 to 4.2% in 2017, with 

the annual decrement of 4.7% (APC: -4.5; 95%CI: -6.6, -2.8; p <0.001) and the most 

significant decline occurring between 2009 and 2013. By contrast, the prevalence of 

"Extreme PAU" rose from 1% in 2001 to 3.3% in 2017, with the annual increment of  

10.6% (APC = 10.6; 95%CI: 7.7, 15.3; p < 0.001) (Table 2, Supplementary Figures 4 

and  5).  Moreover,  during  the  study  period,  the  proportion  of  "Unknown  PAU" 

decreased from 27.4% in 2001 to 20.3% in 2017, with the annual decrement of 1.9% 

among births to Aboriginal women (AAPC = -1.9; 95% CI: -2.9 to -0.9; p < 0.001) 

(Supplementary Table 4e & Supplementary Figure 6).

Trends of PAU among non-Aboriginal women

The trend in the annual prevalence of any PAU among births to non-Aboriginal women 

decreased from 8.3% in 2001 to 2.3% in 2017, with an annual decrease of 10.7% 

(AAPC: -10.7; 95%CI: –12.6, –8.7; p < 0.001).  (Table 2, Supplementary Table 4a, and 

Supplementary Figures 7). There was a marked decline in "Early PAU" from 4.2% in 

2001 to 1.6% in 2017, with the annual decrement of 8.9% (APC: -8.9; 95%CI: -10.9, 

-6.9; p < 0.001). There was also a decline in "Continued PAU" from 4.0% in 2001 to 

0.6% in 2017, with the annual decrement of 13.7% (APC: -13.7; 95%CI: -16.2, -11.1; 
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p < 0.001). The most significant declines in Continued PAU occurred between 2004 

and 2011. The number of births classified in the "Extreme PAU" category was too small 

to reliably estimate the trend (Table 2, Supplementary Figures 8 and 9). During the 

study  period,  there  was no evidence of  change in  “Unknown PAU” among non-

Aboriginal women (AAPC = 1.2; 95% CI: -0.5 to 2.9; p=0.14) (Supplementary Figure 

10). 
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Table 2: Annual percentage change (APC), from 2001 to 2017, in the prevalence of PAU for births to Northern Territory women, by  

Aboriginal status and risk category.

Trends of PAU

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

AAPC

All births in the 
NT

Any PAU 
(APC)

-1.6% -7.4% -9.6% +4.2% -5.2%*

Births to 
Aboriginal 
women

Any PAU -8.3% +3.3% -6.1% +7.5% -0.7%

Early PAU +0.9% +6.6% -9.2% +10.7% +1.1%

Continued 
PAU 

-7.6%* +3.9%* -17.6%* +2.4% -4.7%*

Extreme 
PAU 

-22.6% +7.7% +27.6% +9.0% +10.6%
*

Births to non-
Aboriginal 
women

Any PAU +8.1% -6.6% -19.5% -9.8%* -10.7%
*

Early PAU +11.9% -5.8% -18.0% -7.3%* -8.9%*

Continued 
PAU 

+2.7% -16.0%* -29.5% +9.6% -13.7%
*

Note: Table 2 summarises results from 8 joinpoint regression models, stratified by Aboriginal status and PAU levels. Asterisk (*) shows 

statistical significance at the alpha level of 0.05.  AAPC = Average Annual Percentage Change calculated for all years combined. 

APC = Annual Percentage Change; the + sign shows the increasing trends of PAU, while the - sign shows the decline in the trends  

of PAU.
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Predictive margins, marginal plots, and odds of change in PAU

As illustrated in Table 3 and Figure 2A, holding all covariates constant, the adjusted 

odds  ratio  of  the  trend  in  “Continued  PAU”  among  births  to  Aboriginal  women 

significantly declined from 2001 to 2017, and included a 16% reduction by 2004 (aOR: 

0.84; 95%CI: 0.78, 0.92), 38% by 2009 (aOR: 0.62; 0.51, 0.76), 56% by 2013 (aOR: 

0.44; 0.37, 0.53), and 70% by 2017 (aOR: 0.30; 0.24, 0.38). The adjusted odds ratio 

for the trend in “Extreme PAU” increased, with a two-fold increase by 2009 (aOR: 2.00; 

1.57, 2.55), more than three-fold increase by 2014 (aOR: 3.10; 2.09, 4.59), and a four-

fold increase by 2017 (aOR: 4.02; 2.48, 6.52), compared to 2001 (Table 3 and Figure 

2B). 

As illustrated in  Table 3  and Figure 2C,  among births  to  non-Aboriginal  women, 

compared to 2001, the trend in “Early PAU” showed a modest decline up to 2006 

(aOR: 0.86; 95%CI: 0.71, 1.04), followed by sharper reductions by 35% in 2009 (aOR: 

0.65; 0.54, 0.78), by 58% in 2013 (aOR: 0.42; 95% CI: 0.35, 0.51) and reductions by 

72% in 2017 (aOR: 0.28; 95% CI: 0.22, 0.34). Similarly, continued PAU also decreased 

substantially, with a 25% reduction in 2004 (aOR: 0.75; 95%CI: 0.68, 0.84), 61% in 

2011 (aOR: 0.39; 95%CI: 0.28, 0.55), 71% in 2014 (aOR: 0.29; 95%CI: 0.19, 0.46), 

and 78% in 2017 (aOR: 0.22; 95%CI: 0.13, 0.38) (Table 3 and Figure 2D). 
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Table 3: Odds of change of PAU categories for selected years, compared to the corresponding 2001 PAU among births to Aboriginal 

and non-Aboriginal women.

Year Model – 1 “Continued PAU” 

among births to Aboriginal 

women (aOR, 95% CI)

Model – 2 “Extreme PAU” 

among births to Aboriginal 

women (aOR, 95% CI)

Model – 3 “Early PAU” among 

births  to  non-Aboriginal 

women (aOR, 95% CI)

Model  – 4 “Continued PAU” 

among  births  to  non-

Aboriginal women (aOR, 95% 

CI)

2001 1 1 1 1

2003 0.89 (0.84 – 0.94) * 1.19 (1.12 – 1.26) * 0.96 (0.87 – 1.05) 0.83 (0.77 – 0.89) *

2004 0.84 (0.78 – 0.92) * 1.30 (1.19 – 1.42) * 0.93 (0.82 – 1.07) 0.75 (0.68 – 0.84) *

2006 0.75 (0.65 – 0.86) * 1.54 (1.33 – 1.80) * 0.86 (0.71 – 1.04) 0.63 (0.53 – 0.74) *

2009 0.62 (0.51 – 0.76) * 2.00 (1.57 – 2.55) * 0.65 (0.54 – 0.78) * 0.47 (0.36 – 0.62) *

2011 0.53 (0.44 – 0.64) * 2.39 (1.76 – 3.23) * 0.52 (0.44 – 0.63) * 0.39 (0.28 – 0.55) *

2013 0.44 (0.37 – 0.53) * 2.84 (1.98 – 4.08) * 0.42 (0.35 – 0.51) * 0.32 (0.21 – 0.49) *

2014 0.40 (0.33 – 0.48) * 3.10 (2.09 – 4.59) * 0.38 (0.31 – 0.46) * 0.29 (0.19 – 0.46) *

2017 0.30 (0.24 – 0.38) * 4.02 (2.48 – 6.52) * 0.28 (0.22 – 0.34) * 0.22 (0.13 – 0.38) *

Note: The model has been adjusted for the age of the mother, antenatal care, parity, smoking, mental health-related hospitalisation,  

substance misuse-related hospitalisation, violence, and self-harm-related hospitalisation. * Shows statistically significant findings at 

an alpha level of 0.05.
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Graph A: Continued PAU (births to Aboriginal women)
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Graph B: Extreme PAU (births to Aboriginal women)
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Figures 2A and 2B: Adjusted predictive margins of PAU among births to Aboriginal 
women, 2001 – 2017. 

Note: Graph A shows declining predictive margins for continued PAU over time, 

holding covariates constant, while Graph B shows increasing predictive margins for 

extreme PAU among Aboriginal women in the NT.
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Graph C: Early PAU (births to non-Aboriginal women)
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Graph D: Continued PAU (births to non-Aboriginal women)
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Figures 2C and 2D:  Adjusted predictive margins of  PAU among births  to  non-

Aboriginal women, 2001 – 2017.

Note: Graph C shows declining predictive margins for early PAU over time, holding 

covariates constant, while Graph D shows increasing predictive margins for 

continued PAU among non-Aboriginal women in the NT.
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Discussion 

This study investigated the trends in the prevalence of PAU among births to Aboriginal 

and non-Aboriginal women in the NT. A Joinpoint regression model was fitted to the 

annual prevalence of PAU from 2001 to 2017. The overall trend in PAU prevalence in 

the NT showed an average annual  decline of  5% from 2001 to  2017.  However, 

analyses examining the separate trends among Aboriginal and non-Aboriginal women 

revealed different results. For births to Aboriginal women, the overall trend showed 

fluctuating  patterns  with  no  evidence  of  sustained  change in  annual  prevalence. 

Conversely, the overall trend among births to non-Aboriginal women showed a marked 

decline in prevalence between 2001 and 2017, at a rate of 10.7% annually. 

Stratified analyses also demonstrated differences in the trends by PAU categories 

between  these  two  population  groups.  Among  births  to  Aboriginal  women, 

improvements were limited with no evidence of change in early PAU, an increase in 

extreme PAU and a reduction in continued PAU during specific periods. Among births 

to non-Aboriginal women, early and continued PAU declined, and extreme use was 

almost non-existent. 

The combined efforts of governmental and non-governmental organisations may have 

contributed  to  the  observed  declines.  In  2001,  the  National  Health  and  Medical 

Research Council  (NHMRC) guidelines highlighted the risks of alcohol for unborn 

babies and mothers, and recommended consuming fewer than seven standard drinks 

per week and no more than two standard drinks per day [18]. While advising against 

intoxication, the 2001 guideline emphasised that the most significant risk occurs in 

early pregnancy [2]. At that time, the Australian Government Department of Health and 

Ageing held a similar position, concluding that there was unclear evidence of harm 

from low to moderate alcohol intake during pregnancy [18]. In 2006, the Ministerial 

Council on Drug Strategy (MCDS) noted uncertainty over a safe minimum level and, 

concluding that no amount of alcohol could be assumed entirely safe, recommended 

that all pregnant women be asked about alcohol use and informed of its risks [55]. The 

Australian  Medical  Association,  however,  wrote  a  position  statement  against 

occasional small amounts of alcohol during pregnancy, supporting abstinence  [18]. 

In 2009, the revised NHMRC guidelines recommended complete abstinence from 

alcohol during pregnancy or when planning pregnancy to prevent harm to the unborn 
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child [2]. The timing of the guidelines for the restriction and later abstinence from the 

consumption  of  alcohol  in  pregnancy  is  consistent  with  the  decline  in  annual 

prevalence of PAU observed in this study. 

Supporting this, the Australian National Drug Strategy Household Survey showed an 

overall decline in the prevalence of PAU between 2001 and 2016 [27], after controlling 

for the confounding effects of mothers' age and educational level. The implementation 

of the national clinical guidelines for the management of drug use during pregnancy, 

birth, and the early development years of the newborn [55] and the clinical practice 

guidelines for antenatal care module one [56] may also have had an impact on the 

prevalence of PAU among births to NT women. Moreover, increased public awareness 

of FASD, consistent health professional advice on the harmful effects of alcohol during 

pregnancy, public health campaigns with pregnancy-specific messaging, and media 

campaign involvement may also have contributed to the change in the prevalence of 

PAU in the NT[57].

Our findings highlight a difference in PAU trends between NT non-Aboriginal and 

Aboriginal populations. While non-Aboriginal women showed consistent reduction in 

alcohol use during pregnancy, Aboriginal women experienced mixed trends with some 

improvement but  also ongoing challenges,  particularly  in  "Extreme PAU" and the 

absence of change in "Early PAU". It is essential to view these patterns through the 

lens  of  the  social  determinants  of  health  [58],  which  for  Aboriginal  people 

encompasses higher levels of social  disadvantage and marginalisation, stemming 

from ongoing colonisation and discrimination. These mixed results are consistent with 

a need for community-led, culturally safe, and sustained interventions explicitly tailored 

for pregnant women to address the underlying causes and barriers to reducing PAU. 

The Marulu Strategy is an example of community-led public health intervention, which 

is effective in changing policy locally, enhancing awareness of the health impact of  

alcohol,  increasing the  diagnosis  of  FASD,  and reducing  some harms related to 

alcohol  [59].  Moreover,  interventions  aimed  at  reducing  the  level  of  smoking, 

substance misuse-related hospitalisation, mental health-related hospitalisation, and 

all forms of violence have been reported to contribute to a reduction in PAU among 

pregnant women  [29, 60–62] (Supplementary Tables 5 & 6).
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This study also highlights that substance misuse, mental health hospitalisation, self-

harm, and violence in the 12 months before pregnancy are associated with increased 

likelihood  of  prenatal  alcohol  exposure.  This  underscores  the  importance  of 

preconception care, which encompasses a range of services that optimise health 

before  pregnancy,  including  reproductive  planning,  health  assessment,  nutritional 

guidance, and mental health support  [63]. Preconception care in Australia aims to 

promote best practices in preconception health and improve access to care through 

collaboration with health professionals and community engagement. Women who are 

involved in preconception care are more likely to have better knowledge and show 

positive health behaviours, including reducing smoking, increasing folic acid intake, 

and increasing antenatal care [64, 65]. Our study showed smoking was associated 

with  increased  PAU,  while  an  increasing  number  of  antenatal  care  visits  was 

associated with reduced PAU. The Australian National Preventive Health Strategy 

emphasises that active client participation in the health care delivery process is vital 

for  evidence-based  decision-making  [66].  Effective  interventions  also  require  the 

integration  of  modern  scientific  approaches  with  Indigenous  knowledge  and 

partnerships between the health sector and other relevant agencies [67]. The Strong 

Women,  Strong Babies,  Strong Culture Program exemplified the effectiveness of 

combining  Indigenous  knowledge  with  modern  medical  practices  in  promoting 

maternal and child health [68]. 

Improvements in perinatal data collection, both in quality and quantity, should also be 

considered. Over the study period, missing values of PAU among births to Aboriginal 

women showed only a slight decrease, while there was no evidence of change among 

births  to  non-Aboriginal  women.  There  is  an  opportunity  to  improve  both  the 

completeness of the collection of PAU information and to extend the current questions 

on alcohol consumption to be more frequent and to include a measure of the quantity 

of alcohol consumed. These changes are consistent with recent changes introduced 

in the Tasmanian perinatal data collection [69]. A more frequent and comprehensive 

collection of information on alcohol consumption will not only provide more complete 

information  but  will  also  increase  the  opportunity  for  brief  interventions  during 

antenatal care. 
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Strengths and limitations of the study

The study's strengths included the use of linked data from multiple administrative 

datasets, a population-based approach, and the application of a Joinpoint regression 

model  to  illustrate  nonlinear  trends  of  PAU.  This  study  also  has  the  following 

limitations. Missingness in the dataset due to incomplete recording or women not 

disclosing  their  alcohol  drinking  status  during  antenatal  care  clinic  visits  may 

underestimate the results.  However,  as presented in Supplementary Table 3,  the 

distributions of covariate characteristics among women with missing PAU records and 

those with complete PAU records are similar, indicating that the bias created by this 

missingness is minimal. Moreover, we lacked data from the perinatal dataset on the 

amount of alcohol consumed and frequency of PAU among mothers, which limited our 

ability to assess PAU risk profiles in the study population. To address this limitation, 

we utilised linked data to illustrate women at varying levels of risk.  For instance, 

mothers with "Extreme PAU"—those admitted to hospital or presenting to the ED for 

alcohol-related  conditions—were  used  to  complement  this  gap.  The  confidence 

intervals for some odds ratio estimates are relatively wide due to the small number of 

cases, limiting the precision of the results. All these limitations should be carefully 

considered when interpreting the study's findings. 

Conclusion 

This  study  highlights  that  the  prevalence  of  PAU  in  the  NT  is  decreasing 

disproportionately among Aboriginal and non-Aboriginal women. The general decline 

in PAU among NT non-Aboriginal women is consistent with national trends that have 

followed the introduction of national policies and clinical guidelines to reduce health 

risks from alcohol in pregnancy. The limited improvements in trends in PAU among 

Aboriginal  women,  including  the  marked  increase  in  the  extreme PAU category, 

emphasise the need for a more targeted approach, which will require an understanding 

of social and cultural determinants and greater support for Aboriginal women and their 

service providers. Additionally, improvements in recording alcohol use at antenatal 

care visits can enhance data quality and support more effective interventions. 
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