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ABSTRACT
suicide is a major public health concern both globally and in australia. But in australia the extent 
of substantive annual and seasonality trends since 2000 through the first two decades of the 21st 
century, by age and sex, has not been formally reported. the current paper sought to identify 
annual and within-year (seasonality) trajectories in age-sex standardized suicide rates between 
2000 and 2020. the annual and within-year (seasonality) trajectories of suicide were estimated 
from generalised regression analyses of australia’s mortality database. No systematic variation in 
australia’s suicide rate since 2000 was reported and was consistent between sex and age cohorts. 
seasonal variation in rates were identified, with peaks in the new year (January), declines in late 
summer/autumn, stability in Winter, increases in spring, but with a notable decline in early 
summer (November–December). these trends were driven men only. interpretation of current 
suicide rates need to consider systematic long-term historical context. Despite a historical focus 
on youth suicide especially, working-aged and very old men have consistently reported higher 
standardized suicide rates over the first two decades of the 21st century. seasonal variation was 
reported but only reported by men, potentially because across the lifespan, suicide rates for 
females were a comparatively low incidence event. Particularly after recent successive national 
and international crises, we emphasise that surveillance and interpretation of current suicide rate 
requires careful consideration as to the extent any immediate variation may otherwise fall within 
otherwise normal historical norms.

Introduction

Suicide remains a significant global public health issue 
with approximately 800,000 deaths reported globally 
each year (Knox, 2014; Yip et  al., 2022). There is 
some evidence that annual age-standardized rates are 
declining slowly although the extent of these changes 
is not consistent between nations (Naghavi, 2019;  
Yip et  al., 2022; Yu et  al., 2020). Analysis from the 
Global Burden of Disease 2019 study (Yip et al., 2022) 
identified that declining suicide rates over the period 
1990–2019 were countered by increases in suicide 
incidence attributable to global changes in the popu-
lation structure (increasing numbers of young and 
middle-aged adults who report higher incidence).  
The profile of suicides over time therefore likely var-
ies between nations as a function of underlying 

differences in population structures and other social 
conditions. Low and middle income nations, with 
younger population profiles, report continued or 
increasing risk, while in high income regions overall 
declines are reported (Yip et  al., 2022).

In addition to these long-term annual trends, there 
is some evidence of seasonality (patterns of within-year 
change) in suicide rates; suicide incidence peaks in 
spring and early summer, and less frequent in winter 
months, a pattern common in nations in both 
Northern and Southern Hemispheres with contrasting 
seasonal cycles (Ajdacic-Gross et  al., 2003; Flisher 
et  al., 1997; Massing & Angermeyer, 1985). However, 
there is evidence of considerable between-nation 
 differences in the extent of this seasonal variation (Yu 
et  al., 2020). Sex and age differences in suicide rates 
and seasonality have also been reported, although 
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patterns are not consistent (Naghavi, 2019; Yang et  al., 
2019; Yu et  al., 2020). Seasonality has been reported 
across all age groups, although its effect appears par-
ticularly pronounced and consistent amongst older 
adults (65+ years) (Yang et  al., 2019; Yu et  al., 2020), 
and may be more pronounced amongst females (Yu 
et  al., 2020). It is important therefore that any consid-
eration of Australia’s annual and seasonal trends in 
suicide rate consider how age and/or sex moderate 
these trends.

With mixed evidence for yearly and within-year 
variation, the current study examines long-term trends 
in annual suicide rates, and within-year seasonality 
effects, over the first two decades of the 21st Century 
to determine the extent of annualized and seasonality 
variations specifically in an Australian context. There 
is also a need to examine how age and sex may mod-
erate these trends. Two main aims drive the paper. 
Our first aim will be to report annualized changes in 
suicide rates over a 21-year period. We then examine 
whether these trajectories are consistent between sex 
and age groups. Second, we then focus on suicide rate 
trajectories within-year (i.e. seasonality), and examine 
seasonal variation over this 2000–2020 period; that is, 
to what extent are there time-of-year effects on sui-
cide rates within this period. Specifically, we will 
report on a) the extent to which trajectories of suicide 
within-year are consistent over the 2000–2020 obser-
vation period, and b) the extent to which within-year 
trajectories of suicide are consistent between sex and 
age-groups.

Methods

Data and procedure

Data on Australian suicide from 2000 to 2020 was 
requested from the Australian Institute of Health and 
Welfare (AIHW) and provided to the researchers. 
AIHW manage the Australian National Mortality 
Database. Explicit approval was provided for the data 
to be used for the current study. Registration of 
deaths is compulsory in Australia, and the AIHW col-
lect certified death information from death certifi-
cates, via Registries of Births, Deaths and Marriages 
and the National Coronial Information system which 
includes pertinent information for this study: age, sex, 
and the cause and date of death (Australalian Bureau 
of Statistics, 2020). Ethics approval was not required 
under the conditions of use of the mortality data held 
by AIHW; data was not individual-level data.

All Cause of Death Unit Record Files (OD URF) 
include cause of death as coded by the Australian 

Bureau of Statistics (ABS). Causes are coded to the 
International Statistical Classification of Diseases and 
Related Health Problems (with suicide deaths classified 
as ICD-10, 2004: X60-X84, and Y87.0) by the ABS. 
Records of Coroner referred deaths of suicide are 
obtained through the National Coronial Information 
System (NCIS). There were changes in the recording 
of deaths over the time period in which the data used 
for this paper were collated. Before 2007, the ABS 
codes deaths according to the ICD with data drawn 
from coroners and the National Coroners Information 
System (NCIS), released annual cause of death 
15 months (March) after the year the death was regis-
tered. Since 2007, a new death registry system allows 
causes of death to be amended for up to another 
2 years, by which time coroner reports will have been 
completed and final cause of death confirmed. 
Consequently, while deaths registered prior to 2018 are 
based on the final version of cause of death. Deaths 
since 2018 in the current dataset are therefore subject 
to further revision by the ABS. Finally, new cause of 
death coding guidelines implemented in January 2007 
provided deaths to be coded as suicide if there was 
evidence of intentional self-harm. This differed from 
previous coding practice where suicide was only coded 
if a coroner determined the death as intentional 
self-harm. Prior to 2006, suicide deaths may be 
under-estimated (Harrison, Poiner, et  al., 2009; 
Harrison, Pointer, et al., 2009; Harrison & Henley, 2015).

The suicide data supplied by AIHW was aggre-
gated into weekly (national) counts and grouped by 
sex (male, females) and age-groups (0–17 years, 
18–24 years, 25–34 years, 35–44 years, 45–54 years, 
55–64 years, 65–74 years, 75–84 years, and 85+ years). 
A week is defined from Sunday to the following 
Saturday (7 days) and coded by the week-start-date. 
Therefore Week 1 starts on the first Sunday of the 
year. Any days at the beginning of the year prior to 
the first Sunday were coded as Week 0. For years 
where the last week of the year (Week 52 or Week 
53) and the first week of the following year (Week 0) 
made up a 7-day week starting from the Sunday – the 
data was coded with the same start date. For example, 
Week 52 in the year 2015 comprised Sunday 27, 
Monday 28, Tuesday 29, Wednesday 30 and Thursday 
31 December; 2016 then began with 2 days in Week 0 
(Friday 1 & Saturday 2 January 2016) which were 
both coded in the week with a start date 27-Dec-2015.

Statistical analysis

The current sample comprised deaths in Australia, 
classified as deceased through intentional self-harm 
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by the ABS, and registered from 26 December 1999 
to 31 December 2020. Suicide was the outcome mea-
sure and operationalized in terms of a rate per 
100,000, standardized to sex and age-group mid-year 
populations reported by the ABS in each year of the 
observation period. To assess our two main aims, 
generalized regression models with a Poisson function 
and log link were estimated in Stata (StataCorp, 2021). 
First, we examined the trajectory of annual suicide 
rates over the 2000–2020 observation period. A main 
effect for year was incorporated into the model as a 
discrete predictor to identify potential variation over 
the 21-period. Models were then re-estimated with 
interactions between Year with sex (Male, Female) 
and 10-year age-groups (25–34 years, 35–44 years etc.; 
exceptions were for children/adolescents (coded: 
0–17 years), young adults (coded: 18–24 years), and 
the very old (coded: 85 years and older)) to assess 
whether suicide rates over the 21 year period were 
consistent between sex and age groups.

For the second aim, we estimated within-year 
changes in weekly suicide rates. Analyses were of the 
weekly sex-age standardized rates per 100, 000. To 
identify systematic changes in suicide rates within 
year, we considered alternative time metrics, including 
weekly, 2- and 4-weekly time metrics. We chose a 
2-weekly time metric as a balance between the weekly 
and 4-weekly time metrics which were either too fine 
or too broad to capture reliable/meaningful variation 
in suicide rates. Simply, weekly estimates would report 
too much non-systematic change whilst 4-weekly esti-
mates failed to identify gradual systematic change. 
The 2-weekly (fortnightly) time metric was incorpo-
rated into the model as a discrete function and esti-
mates reflect 2-weekly averages of the weekly 
standardized rates. Owing to the nature of the weekly 
reporting time period in the provided data, some 
years would include either week 0 or week 53. Week 
0 was included in the first fortnight period (with 
weeks 1 and 2) and week 53 data was included in the 
last fortnight period of the year. Analyses first esti-
mated within-year trajectories, but with all 21-years 
estimated concurrently; therefore, model estimates 
reflect 2-weekly averages over the 21-year observation 
period. Interactions between the within-year metric 
and year examined whether within-year trajectories 
were consistent between year. To examine whether the 
within-year trajectories were consistent between sex 
and age group, interactions between these measures 
and the within-year time metric were also estimated. 
Owing to substantive sex differences in suicide rates, 
all subsequent analyses of age group were stratified by 
sex. Robust standard errors were used for the analyses 

of the within-year trajectory models but not for the 
models examining yearly trajectories as robust stan-
dard error may be biased in data with smaller num-
bers of observations (Imbens & Kolesár, 2016).

Results

Suicide deaths in Australia, 2000–2020

Standardized yearly suicide rates per 100,000 over the 
21-year period from 2000 to 2020 are shown in Figure 
1 and stratified by sex. Annual rates remained rela-
tively stable across the 21-year period (Wald χ2 (20, 
N = 378) = 29.15; p = 0.080), ranging from a high of 
15.64 p/100,000 (95% CI: 13.81; 17.47) in 2017 to 
12.54 p/100,000 (95% CI: 10.92; 14.20) in 2007, and 
the year-on-year variation is consistent between these 
values (See Supplementary Table 1. Males consistently 
reported comparatively higher rates than females 
(Wald χ2 (1, N = 378) = 1489.87, p = < 0.001); males 
reported an average suicide rate of 21.68 p/100,000 
(95% CI: 21.02; 22.35) and females 5.83 (95% 5.49; 
6.18) over the study period (See Supplementary Table 
2 for annual estimates be sex). There was no evidence 
of sex differences in these trajectories over the 21-year 
period, as indicated by a non-significant sex–by-year 
interaction (Wald χ2 (20, N = 378) = 9.12; p = 0.982).

Substantive differences between age-groups in 
yearly suicide rates were identified (Wald χ2 (8, 
N = 378) = 318.376, p = < 0.001) ranging from 1.43 
p/100,000 (95% CI: 1.07; 1.79) for those < 18 years to 
20.55 p/100,000 (95% CI: 19.18; 21.93) for those aged 
85+. Notably there was a substantive sex-by-age-group 
interaction (Wald χ2 (8, N = 378) = 46.87; p = < 
0.001). Figure 2 shows that suicide rates remain rela-
tively stable for adult females (over 18 years of age) 
across age-groups, ranging from 5.08 p/100,000 (95% 
CI: 4.12; 6.04) for those aged 65–74 to 7.92 p/100,00 
(95% CI: 6.72; 9.13) for those aged 45–54 years. For 
adult males, a cubic relationship is noted with peaks 
in working-aged and very old adults. Estimates are 
reported in Supplementary Table 3. Over the 21-year 
period, there was no evidence of variation in these 
age-group differences for either females (Wald χ2 (160, 
N = 378) = 23.01; p = 0.999), or males (Wald χ2 (160, 
N = 378) = 51.96; p = 0.999).

Suicide seasonality in Australia, 2000–2020

Figure 3 outlines Australia’s average fortnightly rates 
averaged over the 21-year observation period, and is 
reported by sex. Overall, there was a statistically sig-
nificant 2-weekly effect for standardized suicide rates 

https://doi.org/10.1080/09540261.2023.2291416
https://doi.org/10.1080/09540261.2023.2291416
https://doi.org/10.1080/09540261.2023.2291416
https://doi.org/10.1080/09540261.2023.2291416
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per 100,000 (Wald χ2 (25, N = 19,729) = 44.14; 
p = 0.011), suggesting 2-weekly suicide rates were not 
consistent within years although the range of rates 
varied from 0.23 p/100,000 (95% CI: 0.21; 0.25) to 
0.28 p/100,000 (95% CI: 0.26; 0.31). Inspection of the 
figure shows a trend of decline in suicides between 
week 10 (mid-March) and 16 (May) followed by rela-
tively stable rates from week 18 (mid-June) to week 
40 (late October), increasing to a peak between week 
42 (mid-October) and 44 (early November) with a 

substantive decline to the end of the year. The mar-
ginal means for the model are provided in 
Supplementary Table 4.

To investigate if the seasonality in suicide rates was 
constant over the 21-year period, within-year time was 
modelled as a continuous variable (including linear 
and non-linear terms) and included as an interaction 
with year. A likelihood ratio test comparing the log 
likelihood of the discrete (LL = −10960.80) and contin-
uous measure (LL = −10964.65) of fortnight showed 

Figure 1. standardized suicide rate per 100,000 by sex, australia, 2000–2020.

Figure 2. average yearly suicide rate per 100,000 by age-group and sex, australia 2000–2020.

https://doi.org/10.1080/09540261.2023.2291416
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model fit was comparable between the two models (χ2 
(22, N = 19,729) = 7.69; p = 0.997), indicating variance 
captured in the models is also comparable. None of 
the interaction terms between year and linear, (year X 
fortnight - Wald χ2 (20, N = 19,729) = 9.36; p = 0.978), 
quadratic (year X fortnight2 - Wald χ2 (20, N = 19,729) 
= 12.68, p = 0.891) and cubic terms for fortnight (year 
X fortnight3 - Wald χ2 (20, N = 19,729) = 16.57; 
p = 0.681) were significant providing evidence that 
within-year trajectories of suicide rates were consistent 
across the 21 year observation period.

Sex differences in suicide seasonality

Males showed significantly higher fortnightly stan-
dardized rates (Wald χ2 (1, N = 19,729) = 8412.52; 
p < 0.001) over the 21-years (Figure 3). The interac-
tion effects between sex and within-year time (Wald 
χ2 (1, N = 19,729) = 26.28; p = 0.393) were not signifi-
cant, however, stratifying models by sex revealed sig-
nificant variability in fortnightly rates (Wald χ2 (25, 
N = 9864) = 53.60; p = 0.001) for males, but not for 
females (Wald χ2 (25, N = 9865) = 26.32; p = 0.391) 
averaged over the 21 year period. There is a clear and 
emerging pattern of weekly rates for males. A decline 
in male suicide rates emerges from week 6 onwards, 
reflecting the period mid-March to mid-April, or 
Autumn in Australia. A peak in rates can then be 
seen in week 46, corresponding with mid-November/
early summer in Australia. The marginal means for 

female and male suicide rates are provided in 
Supplementary Tables 5 and 6.

To examine if the seasonality trend found in stan-
dardized suicide rates per 100,000 for males was con-
sistent over time, linear and non-linear fortnight by 
year effects were examined. None of the interaction 
terms between year and linear, (year X fortnight Wald 
χ2 (20, N = 9864) = 13.47; p = 0.856), quadratic (year X 
fortnight2 - Wald χ2 (20, N = 9864) = 15.16; p = 0.767), 
and cubic terms for fortnight (year X fortnight3 - 
Wald χ2 (20, N = 9864) = 17.77; p = 0.603) were signif-
icant providing evidence that the trend of suicide 
rates reported within-years were consistent across the 
21 year observation period.

Age-group differences in suicide seasonality – 
stratified by sex

To examine potential age-group differences in season-
ality (within-year) trends, analyses were stratified by 
sex. Age-by-within-year interactions were not signifi-
cant for females (Wald χ2 (200, N = 9865) = 197.26, 
p = 0.542) or males (Wald χ2 (200, N = 9865) = 232.36; 
p = 0.058), suggesting the seasonal pattern of suicides 
is consistent between age-groups for both sexes.

Discussion

The first point to emphasise is that our findings 
remain consistent with current understanding of the 

Figure 3. weekly estimates of standardized suicide rate per 100,000 over 21 years plotted by fortnight and stratified by sex, 
2000–2020.

https://doi.org/10.1080/09540261.2023.2291416
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demography of suicide in Australia; suicide rates are 
consistently higher for males than females, and partic-
ularly so for males of working age and very old age 
(Burns, 2016; De Leo et  al., 2013; Judd et  al., 2012). 
Although there was some minor variation in annual-
ized suicide rates between years, our findings provide 
evidence that age-standardized rates have been rela-
tively stable, or have reported consistent degrees of 
variation from year-to-year, over the first two decades 
of the 21st Century. Otherwise, there was simply no 
evidence of systematic changes in standardized annual 
suicide rate over time. This pattern was generally con-
sistent for both males and females, and for the differ-
ent age groups examined.

We found evidence of seasonality in suicide rates; 
within year variation was comparable with other 
nations (Flisher et  al., 1997; Preti & Miotto, 1998; 
Räsänen et  al., 2002; Yang et  al., 2019; Yu et  al., 
2020). Patterns generally reflect a trend of declining 
rates in the autumn months, and troughs in the win-
ter months followed by small increases over Spring 
and into the summer months. Notably, there were 
declines in the final weeks of the calendar year with 
sudden increases in the first weeks of the new calen-
dar year. Our analyses identified that these seasonality 
patterns are consistent between age groups, but were 
only reported amongst males.

That the seasonality patterns for the overall popu-
lation were consistent over the 21-year period con-
trasts to other studies on seasonality in suicide rates. 
For example, Ajdacic-Gross et  al. (2010) has argued 
that seasonality is declining over time in Western 
nations and corresponds with other reports of overall 
declines in annual rates. These declines could in part 
be explained by improvements in key social risk fac-
tors as well as social policies to reduce stigma and 
accessibility to lethal methods. Indeed, it has been 
argued that seasonality is in part driven by suicide 
method; notably hanging and drowning show peaks 
in warmer summer months, although there is consid-
erable variation between studies in terms of which 
methods show peaks and when peaks may occur. 
(Ajdacic-Gross et  al., 2010; Preti & Miotto, 1998; 
Räsänen et  al., 2002).

We recognise issues of data accuracy. As explained 
in the method section, there were changes in how 
deaths were recorded in Australia with additional 
time for death to be corrected following coronial 
inquest. Consequently, prior to 2007 it is argued that 
the proportion of death attributed to suicide may be 
under-reported, but the extent of the impact of these 
changes in reporting methods on suicide rates is 
unclear. Some state-based reports suggest corrections 

to suicide being cited as a source of death is small 
(NSW-Health, 2023) while a major examination by 
the Australian Institute of Health and Welfare (AIHW) 
identified that rates prior to 2007 may under-report 
between 3 and 16% (Harrison, Pointer, et  al., 2009). 
However, there still remains no apparent substantive 
change in the rates either prior or post-this period 
from our analyses. It may be that underestimation has 
no substantive impact on the standardized rates given 
the relatively low prevalence of suicide. At the very 
least, there has been no major substantive change 
since the new reporting methods were introduced.

It is important to address the impact of recent  
and successive crises including Australia’s 2019–2020 
summer bushfire events, the COVID pandemic, inter-
national political unrest, and a global economic down-
turn which may have subsequently impacted on 
suicidal behaviour. Since 2021, preliminary data from 
state-based suicide monitoring services have reported 
an increase in the number of suicides in Australia. In 
the state of Victoria (Court, 2023), the number of sui-
cides ranged from 693 to 700 between 2018 and 2021 
but jumped to 756 in 2022; on our review of the data, 
this increase could be wholly attributed to increases 
in middle-aged (45–54 years of age) and older men 
(aged 65+), demographic groups already identified as 
reporting the highest standardized rates. Indeed, 
increases for older men represented the greatest 
increase with an approximate 52% increase in the 
2022 suicide incidence compared to 2017 incidence. 
We argue this data needs to be interpreted cautiously 
and with the benefit of further follow-up. Indeed, 
from this Victorian data, other male age cohorts 
reported no apparent change (e.g. 25–44 year olds) 
and even decline declines (e.g. 18–24 year olds who 
reported declines of 62 suicides in 2018 to 52 and 50 
in 2021 and 2022 respectively) whilst for females the 
pattern in rates of suicide appear to be stable. And in 
comparison, NSW surveillance data (NSW-Health, 
2023) also reveals no systematic or consistent story 
about variation since 2019–2020. Overall there were 
declines in 2020 and 2021, while the overall 2022 
incidence rate was comparable to 2019. Similarly, 
changes in female suicide was not reported in the 
NSW data as was reported in Victoria; however, NSW 
did report increases amongst men but in different age 
cohorts (35–44 and 55–64 years) (NSW-Health, 2023). 
Clearly, whilst monitoring systems may have their 
uses to monitor current patterns, these patterns need 
to be interpreted in terms of the long-term surveil-
lance which can accurately assess the extent to which 
any reported variations are a form of normal varia-
tion in behaviour, or a systematic change owing to 
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adverse social contexts. From what we can interpret, 
it is difficult to draw any inferences about systemic 
variation in age-sex suicide rates in the post-pandemic 
and global inflationary contexts people find them-
selves up to the end of 2022.

In conclusion, suicide remains a major public 
health issue, both globally and in Australia. There has 
been no overall improvement or worsening of suicide 
rates in Australia. As expected, there are substantive 
differences by sex and age-groups. Males, and specif-
ically working-aged and very old males report compa-
rably higher rates; these patterns are found both in 
the annualized and within-year trajectories. Notably, 
there was no evidence of seasonality reported by 
females whilst males reported substantive seasonality; 
this could be partly attributed to higher rates of sui-
cide amongst males and therefore greater likelihood 
of variation. Simply, variation in female suicide rates 
may be bounded by floor effects. Noting that season-
ality variation identifies the latter half of summer and 
spring as notable periods of increased risk for men 
especially, public health initiatives may well increase 
their public health messaging around such key times.
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