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Background: It has been reported that current smoking, overweight/obesity and physical inactivity are significant
modifiable risk factors of all-cause mortality, cardiovascular disease and cancer. However, the effects of age, period
and cohort on the prevalence of the three lifestyle factors among Australian adults are still unclear. Methods: Our
study analysed data from 2004 to 2005, 2007 to 2008, 2011 to 2012, 2014 to 2015 and 2017 to 2018 National
Health Survey. We employed the age–period–cohort models to analyze the individual effects of age, period and
cohort on the prevalence of current smoking, overweight/obesity and physical inactivity among Australian adults.
Results: A total of 76 489 adults were included. Age, period and cohort all showed significant independent effects
on prevalence of current smoking, overweight/obesity and physical inactivity (P<0.01) except the cohort effect on
physical inactivity in females (P¼ 0.31). The prevalence of current smoking decreased with age and period, and it
first increased with birth cohort and then declined. For overweight/obesity prevalence, it increased with age until
early-60s and then dropped. We found a positive period effect on overweight/obesity; however, the prevalence of
overweight/obesity experienced several shifts with birth cohort. Physical activity prevalence raised with age, and it
has several fluctuations for curves of period and cohort. Conclusion: Age effects showed a distinct pattern for the
prevalence of the three lifestyle factors. The prevalence of overweight/obesity continued to rise during the study
period. The raised physical inactivity prevalence in recent study cycles is also concerning. Recent birth cohorts may
be at increased risk of overweight/obesity and physical inactivity.
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Introduction

A
number of large-scale studies have confirmed that current

smoking, overweight/obesity and physical inactivity are leading
modifiable risk factors of all-cause mortality.1–4 A US nationally
representative survey indicated that current smoking was associated
with more than 2-fold risk of all-cause mortality.4 A recent meta-
analysis of 239 cohort studies suggested that both overweight and
obesity could substantially increase the risk of all-cause deaths.1 A
large cohort study, included more than 130 000 participants from 17
countries, observed that there a significant graded association be-
tween physical activity and all-cause mortality.2 A large European
cohort predicted that avoiding all inactivity would reduce all-cause
mortality by 7.35%.3 In addition, these three lifestyle factors were
significant risk factors of cardiovascular disease (CVD)2,5–7 and can-
cer.8–10 Therefore, understanding the secular trends in the preva-
lence of these factors could provide evidence for health promotion
policies. Additionally, the information could raise the awareness of
healthy lifestyles among the general population. A few studies
have explored the recent trends in the prevalence of smoking,11

obesity12–14 and physical inactivity11,15 in Australian adults.
However, they did not include the effects of age and birth cohort in
the models, which could have dramatic influences on the temporal
trend, and the age–period–cohort (APC) analyses were established to
examine the influence of age, period and cohort simultaneously.

The National Health Surveys (NHS) were nationally representa-
tive surveys in Australia, and they have available data on the status
of current smoking, overweight/obesity and physical inactivity. In
the present study, we used five cycles of NHS to investigate the age,
period and cohort effects on the prevalence of the three lifestyle
factors among Australian adults.

Methods

Study design

The participants of the present study were from 2004 to 2005, 2007
to 2008, 2011 to 2012, 2014 to 2015 and 2017 to 2018 NHS. Those
surveys were conducted by the Australian Bureau of Statistics (ABS)
and were representative of the general health status in urban and
rural areas across Australia. In details, households were selected
using a random, multistage sampling method and one adult
(18 years and over) was randomly selected for each selected house-
hold. Face-to-face interviews were performed to collect the data.
Our study restricted to adults and those with missing information
on smoking, body mass index (BMI) or physical activity were
excluded (n¼ 5196). Finally, 76 489 subjects were included, yielding
an overall response rate of 93.6%. All participants provided written
informed consent, and our study was approved by the University of
Queensland Medicine, Low and Negligible Risk Ethics Sub-
Committee (approval number 2018000244).

Definitions of current smoking, overweight/obesity
and physical inactivity

The participants were asked ‘Do you currently smoke?’ and ‘Have
you smoked at least 100 cigarettes in your entire life?’ and those who
responded yes to both questions were regarded as current smokers.
The interviewers used stadiometer and digital scales to measure the
height and weight of the participants and BMI was calculated as
weight (kilogram) divided by height (metre square). Overweight/
obesity was defined as a BMI value �25 kg/m2. For moderate exer-
cise, the participants were asked the total amount of time (min) they
spent doing any exercise that caused a moderate increase in their
heart rate or breathing last week (e.g. gentle swimming, social tennis,
golf). For vigorous exercise, the participants were asked the total
amount of time (min) that they spend doing any exercise that

caused a large increase in their heart rate or breathing last week
(e.g. jogging, cycling, aerobics, competitive tennis). Physical inactiv-
ity was defined as having <150 min of moderate, <75 min of vig-
orous and <150 min of moderateþ vigorous exercise last week.

Age, period and cohort

Age was based on the years when the respondents taken the survey
and it was divided into 14 groups (18–24, 25–29, 30–34, 35–39, 40–
44, 45–49, 50–54, 55–59, 60–64, 65–69, 70–74, 75–79, 80–84 and
over 85). There were five survey periods in our study (2004–05,
2007–08, 2011–12, 2014–15 and 2017–18). We allocated participants
into 17 cohorts according to their birth years: 1915–19, 1920–24,
1925–29, 1930–34, 1935–39, 1940–44, 1945–49, 1950–54, 1955–59,
1960–64, 1965–69, 1970–74, 1975–79, 1980–84, 1985–89, 1990–94
and 1995–99.

Statistical analysis

First, we calculated and described the weighted prevalence and 95%
confidence intervals (CIs) of current smoking, overweight/obesity
and physical inactivity by age, period and cohort.

Second, since the birth cohort was determined by the survey
period and age (cohort¼ period� age), we used APC models to
fit the individual effects of age, period and cohort. The restricted
cubic splines for the age, period and cohort terms were combined
with the generalized linear model (a Poisson family error structure

Table 1 Weighted prevalence of current smoking, overweight/
obesity and physical inactivity among Australian adults, stratified
by age, period and cohort

Items Current smoking Overweight/obesity Physical inactivity

Age (years)

18–24 20.5 (19.2–21.8) 38.6 (37.1–40.2) 64.9 (63.4–66.5)

25–29 23.6 (22.2–25.0) 51.0 (49.5–52.6) 65.2 (63.7–66.8)

30–34 22.4 (21.3–23.6) 56.3 (54.8–57.9) 71.9 (70.2–73.6)

35–39 21.2 (20.2–22.3) 62.1 (60.8–63.5) 73.9 (72.6–75.1)

40–44 21.8 (20.6–23.1) 65.4 (64.2–66.7) 77.1 (75.9–78.4)

45–49 21.7 (20.5–22.8) 68.6 (67.3–69.9) 76.1 (74.9–77.4)

50–54 19.9 (18.6–21.1) 70.0 (68.6–71.4) 79.9 (78.6–81.2)

55–59 17.8 (16.6–19.1) 70.5 (69.1–71.8) 81.6 (80.3–82.9)

60–64 14.0 (12.8–15.1) 74.6 (73.3–75.8) 82.0 (80.8–83.3)

65–69 10.7 (9.7–11.7) 72.8 (71.3–74.4) 82.6 (81.3–83.9)

70–74 7.0 (6.0–7.9) 72.5 (70.9–74.1) 86.2 (84.8–87.5)

75–79 6.4 (5.4–7.4) 68.9 (66.9–70.9) 89.8 (88.5–91.1)

80–84 3.9 (2.9–4.8) 64.1 (61.5–66.6) 93.2 (91.9–94.4)

85þ 2.4 (1.4–3.4) 54.6 (51.0–58.1) 94.5 (93.0–96.0)

Period (years)

2004–05 22.9 (22.1–23.7) 53.5 (52.6–54.5) 71.1 (70.2–72.1)

2007–08 20.7 (19.8–21.7) 60.4 (59.3–61.6) 81.9 (81.0–82.9)

2011–12 17.7 (16.8–18.5) 63.4 (62.3–64.5) 75.8 (74.6–76.9)

2014–15 16.0 (15.1–16.9) 63.4 (62.4–64.4) 75.5 (74.5–76.6)

2017–18 15.2 (14.7–15.7) 67.0 (66.1–67.8) 76.9 (76.1–77.7)

Cohort (years)

1915–19 4.5 (0.6–8.3) 35.5 (27.8–43.2) 89.0 (83.4–94.5)

1920–24 2.9 (1.8–4.1) 48.0 (43.5–52.5) 91.9 (89.8–94.0)

1925–29 3.3 (2.3–4.3) 58.9 (56.2–61.7) 91.6 (90.0–93.3)

1930–34 5.6 (4.7–6.6) 65.3 (62.8–67.9) 90.1 (88.8–91.3)

1935–39 8.3 (7.0–9.6) 71.2 (69.2–73.1) 86.2 (84.7–87.6)

1940–44 10.1 (9.0–11.1) 72.2 (70.8–73.6) 85.2 (83.8–86.6)

1945–49 12.3 (11.1–13.5) 72.8 (71.5–74.0) 82.8 (81.5–84.0)

1950–54 16.4 (15.0–17.8) 72.0 (70.6–73.5) 82.3 (80.8–83.8)

1955–59 20.0 (18.8–21.1) 69.9 (68.5–71.3) 80.2 (78.9–81.5)

1960–64 21.7 (20.5–22.8) 68.1 (66.7–69.5) 78.2 (77.0–79.5)

1965–69 21.8 (20.6–23.0) 66.8 (65.4–68.2) 75.6 (74.4–76.9)

1970–74 21.8 (20.7–23.0) 63.5 (62.2–64.7) 74.3 (73.0–75.5)

1975–79 24.1 (22.8–25.3) 59.9 (58.3–61.5) 73.0 (71.5–74.4)

1980–84 22.4 (21.0–23.9) 50.4 (48.8–51.9) 67.5 (66.0–69.0)

1985–89 20.3 (18.4–22.2) 49.6 (47.7–51.6) 68.7 (66.8–70.6)

1990–94 17.8 (16.0–19.6) 43.2 (41.2–45.3) 66.1 (64.1–68.1)

1995–99 16.5 (14.7–18.3) 45.9 (42.0–49.8) 64.9 (61.8–68.1)
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and a log link function). Matrix transformation was made to the
spline basis vectors for the period and cohort effects. We used five
knots each for age, period and cohort effects.16 The contribution of
each individual variable to the model was assessed by backward

deletion from the full model and the resulting change in deviance
was assessed as an approximate chi-square distribution using the
change in model degrees of freedom to obtain a P-value.17 For ex-
ample, the deviance/degree of freedom of age was obtained by

Figure 1 The estimated effects of age (A), period (B) and cohort (C) for prevalence of current smoking

Figure 2 The estimated effects of age (A), period (B) and cohort (C) for prevalence of overweight/obesity
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subtract deviance/degree of freedom of APC models from those of
period–cohort models. Results for the APC models were presented
as prevalence (%) for age effects and rate ratios for cohort and
period effects in graphical forms.16,17 The analyses were carried
out by apcfit package in the Stata software (version 16.0) and a
two-tailed P-value <0.05 indicating statistical significant.

We applied the person weights and group Jackknife method with
60 replicate weights, as recommended by the ABS, to reflect the
estimates for the in-scope populations as well as considering the
sampling errors. All the analyses were conducted in overall adults,
males and females, respectively.

Results

Basic characteristics

Among the 76 489 subjects, 17 686, 15 014, 12 862, 14 560 and
16 367 were from 2004 to 2005, 2007 to 2008, 2011 to 2012, 2014
to 2015 and 2017 to 2018 NHS, respectively. The weighted preva-
lence of males was 49.8% (35 980/76 489), and the median (inter-
quartile range) of age was 47 (30) years. In the combined
participants of five surveys, physical inactivity had the highest
weighted prevalence (76.3%, 95% CI 75.9–76.8%), followed by over-
weight/obesity (62.0%, 95% CI 61.5–62.4%) and current smoking
(18.2%, 95% CI 17.8–18.6%).

APC analyses

Table 1 presented the weighted prevalence of the three lifestyle fac-
tors by age, study period and birth cohort in the overall population
and the results in sex-specific subgroups were displayed in
Supplementary table S1. The effects of age, period and cohort on
prevalence of current smoking, overweight/obesity and physical in-
activity are presented in Supplementary tables S2–S4. Age, period
and cohort showed significant effects on prevalence of current

smoking and overweight/obesity in overall participants, males and
females (Supplementary tables S2 and S3). For physical inactivity
prevalence, age, period and cohort have significant effects in the
total population and men. For women, age and period were signifi-
cant but cohort was not (Supplementary table S4). For all the three
factors, APC models were most optimal as they have the smallest
deviances (Supplementary tables S2–S4). Figures 1–3 illustrated
the fitted models with the independent effects of age, period and
cohort.

For current smoking prevalence, we noticed negative age and
period effects in both sexes (figure 1A and B) and those who were
born around 1970s have the highest risk of current smoking
(figure 1C).

We observed the prevalence of overweight/obesity increased with
age until 60–64 and then dropped, and it is generally consistent in
males and females (figure 2A). Overweight/obesity prevalence has
increased steadily over survey time, and the positive period effect
was more apparent in females (figure 2B). Overweight/obesity
prevalence increased with birth cohort until 1960–64 for
males and 1935–39 for females and then declined. However, over-
weight/obesity prevalence began to raise for males born after 1980–
84 and for females born after 1965–69 (figure 2C).

The prevalence of physical inactivity monotonously increased
with age in both sexes (figure 3A). Both men and women experi-
enced a sharp increase in physical inactivity prevalence from 2004–
05 to 2007–08. For men, the prevalence declined between 2007–08
and 2011–12 and then slightly increased afterwards. For women, it
constantly dropped from 2007–08 to 2014–15 before a subtle raise in
2017–18 (figure 3B). The curve for cohort, among men, appeared to
be flat until 1945–49 and subsequently it demonstrated a J-shaped
relationship, with a nadir at 1965–69. Although the cohort effect was
non-significant in females (P¼ 0.31), we observed a U-shaped rela-
tionship, with the highest prevalence observed for those who were
born in 1950–54 (figure 3C).

Figure 3 The estimated effects of age (A), period (B) and cohort (C) for prevalence of physical inactivity
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Discussion

Using five recent cycles of NHS, the current study examined the age,
period and cohort effects on the prevalence of current smoking,
overweight/obesity and physical inactivity among Australian adults.
Current smoking prevalence declined with age and period and, with
recency of birth cohort, it first increased and then dropped. For the
prevalence of overweight/obesity, it increased with age until age 60–
64 and then declined. Overweight/obesity prevalence raised over the
study period; however, it undergone several fluctuations with birth
cohort. We observed a positive association between physical activity
prevalence and age. There are several shifts for the period and cohort
curves and males and females have different patterns.

We found physical inactivity prevalence increased with age, and it
underwent several fluctuations over the study period. Recently born
cohorts of men are at increased risk of physical inactivity. However,
women in recent birth cohorts have reduced physical inactivity risk.
There are several studies examining age, period and cohort effects on
the prevalence of physical inactivity.18,19 Using APC model and four
cycles of NHS from 1990 to 2005, a study reported that leisure-time
physical activity reduced with age and increased with study period.
However, they found the cohort effect was non-significant.18

Another study analysed data of more cycles of NHS (1989–2011),
they observed the prevalence of physical inactivity was stable across
the study period, but they did not include age and birth cohort in
the statistical model.19 The measurement of physical activity should
be considered for explaining the results. A study indicated a mod-
erate agreement between self-reported and accelerometer-measured
physical activity, and participants are prone to report more vigorous
activity and less sedentary time.20 Therefore, accelerometer should
be applied to measure physical activity in future studies.

Our results displayed that the prevalence of overweight/obesity
increased with age until 60s when it declined. We observed the preva-
lence of overweight/obesity has raised over the study period, and re-
cent birth cohorts have a greater risk of overweight/obesity. Using
1990–2000 NHS and APC model, a study reached similar age and
period effects on the prevalence of overweight and obesity in
Australian adults.17 They reported that the prevalence of overweight
and obesity constantly increased with birth cohorts, whereas our study
found males born in 1960–80 and females born in 1940–60 have a
downward trend of overweight/obesity prevalence. Two studies, based
on data from 1980 to 2007 NHS and 1995 to 2012 NHS, explored the
secular trends of BMI and obesity without considering the effects of
age and birth cohort.12,13 They found BMI values and obesity preva-
lence have significantly increased over the study period, which was
consistent with our findings. We observed males have higher preva-
lence of overweight/obesity than females across all age groups
(figure 2A) whereas a recent study found the global prevalence of
overweight/obesity was higher in females than in males after age of
60 or so.21 We used BMI values to define overweight and obesity;
however, recent studies suggested waist-to-height ratio, compared to
BMI, has better performance in prediction of whole-body fat percent-
age,22 hypertension23 and diabetes.23 More studies should pay atten-
tion to the appropriate measurements of overweight and obesity.

Our findings illustrated that the prevalence of current smoking
decreased with age and period, and it declined in recent birth
cohorts. A large-scale UK study also noted the negative dose–re-
sponse relationship between age and smoking prevalence.24 In add-
ition, a recent meta-analysis suggested older adults (�60 years) have
a significantly higher prevalence of ideal smoking status, defined as
being non-smokers or quitted smoking for over 1 year, than young
adults (<60 years).25 In agreement with our results, a few studies
also reported the reduced current smoking prevalence with study
period.4,11 Based on a study conducted in New South Wales, the
prevalence of current smoking decreased from 20.4% in 2002 to
15.0% in 2012.11 The US National Health and Nutrition

Examination Survey indicated current smoking prevalence has
reduced from 27.9% in 1988–94 to 22.6% in 2005–10.4 We found
that those who were born after 1970s have declined prevalence of
current smoking. An Italian study found the mean age at which the
smokers started smoking was 18 years.26 Therefore, persons born in
1970s would have had more exposure to tobacco control policies
that were initiated in 1990s in Australia, as they were around 20
years old.27 We used self-reported questionnaire to determine the
smoking status; however, a systematic review has shown that self-
reports, compared to cotinine level, tend to underestimate the
smoking status.28 More studies are warranted on the cut-points of
cotinine to measure smoking status accurately.

Our study has certain strengths. We used five recent cycles of large-
scale nationally representative surveys, and they are able to provide an
accurate estimation on the prevalence of the three lifestyle factors in
Australian adults. Additionally, we applied APC models to analyze the
age, period and cohort effects simultaneously. However, our study has
certain limitations. First, we are unable to explore the effects of the
three factors on the mortality and risk of cancer and CVD as we do
not have those data. Second, physical activity and current smoking
were self-reported and objective measurements may improve the ac-
curacy of the factors. We used BMI values to measure overweight/
obesity; however, other anthropometric indicators-defined over-
weight/obesity may improve the prediction of future health outcomes
than BMI-defined overweight/obesity. Third, we did not report the
prevalence of other lifestyle-related factors, such as dietary pattern,
total cholesterol and fasting plasma glucose, because their information
was not available in our datasets. Fourth, we cannot completely rule
out the selection bias, although we used nationally representative
surveys and sampling weights.

In summary, our findings indicated that the prevalence of current
smoking has declined with age and over the study period. Persons
born around the 1970s had the highest prevalence of current smok-
ing. The prevalence of overweight/obesity increased over the study
period and those aged 60 years or so had the highest prevalence of
overweight/obesity. We noticed recent birth cohorts were at raised
risk of overweight/obesity. The prevalence of physical inactivity
increased with age and increased in recent study cycles. We found
a U-shaped relationship between physical inactivity prevalence and
birth cohort in males; however, it turned into a reversed U-shape in
females.

Supplementary data

Supplementary data are available at EURPUB online.

Conflicts of interest: None declared.

Key points

• The prevalence of current smoking decreased with age and
study period and it displayed a reversed U-shaped relationship
with birth cohort.

• Those aged 60 years had the highest prevalence of overweight/
obesity and the prevalence of overweight/obesity increased
over the study period.

• There were fluctuations for the overweight/obesity-birth co-
hort association and those born recently had an increased risk
of overweight/obesity.

• The prevalence of physical inactivity increased with age and
increased over the study period.

• There was a U-shaped association between physical inactivity
prevalence and birth cohort in men; however, there was a
reversed U-shaped in women.
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