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The prevalence of obesity continues to rise with many factors contributing to energy imbalance. Leisure-time physical activity (LTPA) has been

proposed as one solution to counteract increasing energy intakes. The present study determined whether age, birth cohort and period of survey had

independent effects on time, volume and energy expended in LTPA by Australian adults from 1990 to 2005. Adults were categorised into twelve

age groups (5-year intervals from 20–24 years to .75 years), four survey periods (1990, 1995, 2000 and 2005) and fifteen birth cohorts (5-year

intervals from pre-1916 to 1985). Time spent in three categories of LTPA was determined and metabolic equivalent (MET) values of 3·3, 4·0 and

8·0 were assigned for walking, moderate and vigorous activities, respectively, to calculate daily volume (MET minutes). Energy expended in

LTPA was calculated using estimated BMR (from self-reported weight and published formulae), multiplied by the MET value. Regression

models were fitted to the data. Age and period had independent effects on duration, volume and energy expenditure of LTPA for both males

(P,0·01) and females (P,0·01), while birth cohort had independent effects for males only such that all three LTPA factors declined with recency

of birth cohort (P,0·01). This indicates that more recent birth cohorts of males may need to be targeted to increase LTPA, but as duration, volume

and energy expended in leisure time have been declining since 1990, both the sexes may benefit from the promotion of increased LTPA.

Age–period–cohort analysis: Leisure-time physical activity: Energy expenditure

Most western nations, including Australia, have created
environments predisposing to obesity(1). In addition to the
ever-increasing ready availability of energy-laden foods, the
decrease in daily energy expenditure precipitated by techno-
logical advances is a likely aetiological factor(2). Recognising
this, concerted efforts are being made to increase participa-
tion in leisure-time physical activity (LTPA)(3). In Australia,
as in other countries, a number of public health approaches
have been used to increase participation in regular physical
activity(4).

It is unclear which component or combination of com-
ponents (increasing energy intake or decreasing expenditure)
is responsible for the present positive energy balance and
weight gain of the population(5). Many population-based sur-
veys have examined the trends in physical activity participation
by determining the proportion meeting recommendations for
health, i.e. at least five 30 min sessions of moderate-intensity
activity at 3·0 MET or more(6–8). Examining the change in
physical activity-related energy expenditure over time may
prove useful in developing the physical activity component
of overweight and obesity prevention programmes.

Using the data from the three recent Australian National
Health Surveys (NHS)(9 – 11), we demonstrated that during
the decade 1990–2000, the prevalence of overweight and
obesity increased with age and at each 5-year period.

The year of an individual’s birth was also shown to influence
the proportion of overweight such that the more recently born
cohorts demonstrated higher proportions of overweight and
obesity(12).

The NHS also collected data on LTPA including time
spent in walking, moderate and vigorous activities. A recent
trend analysis based on these surveys has examined changes
in the prevalence of each type and amount of physical
activity of different age groups over the decade (1990–
2000) but not the year of individual’s birth(6). Birth cohort
analysis summarises a unique set of experiences of people
born at a specific time which are different from the experi-
ences of people born at other times. People born in the first
decades of the twentieth century were born before the televi-
sion, computer and widespread motor vehicle usage, so
during their childhood and early adult life their everyday
physical activity energy expenditure was probably greater
than more recently born cohorts. Individuals born after
1970 entered a high-tech society with fewer demands on
physical activity(13). We do not know whether the differing
secular influences of childhood and early adult life of differ-
ent birth cohorts may translate to differences in physical
activity habits and sedentary behaviours throughout life.
As we have identified independent effects of birth cohort
on the prevalence of overweight(12), we considered it useful
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to determine whether differences in energy expenditure from
LTPA occur with birth cohort, and thus it might explain some
of the phenomenon of overweight.

The aim of the present study was to determine the indepen-
dent effects of age, birth cohort and survey period on LTPA
using self-reported data from the NHS conducted in 1990,
1995, 2000 and 2005.

Methods

Data source

The NHS were a series of cross-sectional surveys designed to
obtain representative and national benchmark information on a
range of health-related issues and to enable the monitoring of
trends over time(9 – 11,14). Each survey used a stratified multistage
area sample design from which a sample of private dwellings
in urban and rural areas was randomly selected. Information
was collected through face-to-face interview with all members
of the selected households (1990 and 1995) or one selected
adult (2000 and 2005). To account for possible seasonal effects
on health characteristics, the sample in all surveys was allocated
equally to each quarter of the calendar year. All surveys
achieved good response rates ranging from 89 to 96 %.
Access to the NHS data was obtained through the Australian
Bureau of Statistics Confidential Unit Record Files provided
on compact disks.

Data handling and analysis

The weighting factors for each record were computed by the
Australian Bureau of Statistics to reflect the population demo-
graphic at the time of the survey, taking into account the
probability of being sampled and the differential response
across the population. The analysis was restricted to subjects
aged 20 years or over and those weighing above 129 kg
could not be included because exact weights were not pro-
vided in the NHS dataset. In 1990, 0·16 % of adults surveyed
had a weight above 129 kg and in 2005, 0·55 % were above
this weight. The data from the four NHS were combined.
Variables were created for age, period and cohort. Age was
grouped in 5-year intervals from 20 to 74 and those aged 75
and over were entered into one group, thereby giving a total
of twelve age groups. The four periods were years of surveys
(1990, 1995, 2000 and 2005). Birth cohort was calculated by
subtracting age at the time of survey from the survey year.
Cohort years range from those born in or before 1915 to
those born in 1981–5. These were grouped in 5-year intervals
giving fifteen cohorts (twelve age groups þ four survey
periods 2 1). To ensure comparability over time, the data
were age standardised to the overall population distribution
of the 2000 NHS.

Self-reported weight in kilograms and data on LTPA were
collected. The same physical activity questions were used in
all four surveys. The subjects reported how many minutes
they had spent in the past 2 weeks in walking, moderate and
vigorous activities. The 2-week recall method has been
demonstrated to have good repeatability and acceptable
validity(15 – 17). BMR was determined for each subject using
age- and sex-specific formulae of Schofield et al. (18) and the
self-reported weight. LTPA in each of the three categories

(walking, moderate and vigorous) was expressed as daily
average in minutes, and then multiplied by the appropriate
standard metabolic equivalents (MET), i.e. 3·3, 4·0 and 8·0
for walking, moderate and vigorous activities, respectively(19),
to give MET minutes, and then totalled for all three intensities.
Average minutes in each category of physical activity were
multiplied by the BMR (per minute) and MET factor to
yield energy expenditure. These values were then summed
to give total energy expenditure attributable to LTPA in
units of kJ/d. Median and quartile values were calculated.

We used the age–period–cohort models to investigate

(1) age, period and cohort effects on the likelihood of under-
taking LTPA using logistic regression with a binary out-
come variable: any LTPA or none for the full sample and

(2) the effects of age, period and cohort on the LTPA energy
expenditure and amount of time spent in LTPA and inten-
sity of LTPA using linear regression models with a
log-transformed continuous outcome variable: log energy
(log MJ); log time (minutes); log volume (MET minutes).

While a traditional cohort study follows the same people at
each period, the age–period–cohort model derives the birth
cohort by the subtraction of age from period (year of
survey) when representative study populations are used. This
is well described in epidemiological methods to assess
the effects of cohort independent of ageing and period(20).
Holford(21) proposed regression models with constraints to
allow all three parameters to be included and overcome the
problem of non-identification of related variables. The age–
period–cohort models were fitted with no intercept (without
age constraint), survey period 1 (1990) and two cohorts as
the constraints. The birth cohorts selected as constraints
were determined after the cohort models were calculated to
locate those close in estimate. For the logistic models for
participation in LTPA, cohorts 8 and 9 were constraints.
In all energy expenditure and time spent in physical activity
analyses, cohorts 7 (1941–5) and 8 (1946–50) were con-
straints. The contribution of each individual variable to the
model was assessed by backward deletion from the full
model. The resulting change in 22 log L was assessed as
an approximate x 2-distribution for logistic regression, and
for linear regression the ratio of mean squares was calculated
to give the test statistics with F-distribution. The results for the
full age–period–cohort models were presented as kJ/24 h
(energy expenditure), min/24 h (time spent) or MET min/
24 h for age effects and ratios for cohort and period effects
in graphical form.

All analyses were carried out using SAS (version 9.1,
2002–3; SAS Institute Inc., Cary, NC, USA), PROC SURV-
EYREG or PROC SURVEYLOGISTIC procedure that adjust
for household clustering effects.

Results

Table 1 shows the number of subjects by sex and survey
period and the percentages not participating in LTPA. The
numbers of subjects in 1990 and 1995 are double those in
2000 and 2005 because usually only one adult per household
was surveyed in the latter two periods. About 30 % or more
of males and females undertook no LTPA at each period
surveyed.
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Age was an independent predictor of participation in LTPA
(P,0·001) but cohort and period were not. Table 2 shows OR
for the likelihood of participation in LTPA for individual age
groups, birth cohorts and periods. The OR for taking part in
LTPA was greatest for the youngest age group and declined
with middle age with some increase at the retirement age
(60–69 years) before declining. LTPA participation did not
alter with birth cohort. The likelihood of exercising increased
from 1990 to 2000 but was not different from baseline (1990)
in 2005.

Table 3 shows the median (25th and 75th percentiles)
energy expenditure from LTPA by age (horizontal) and
cohort (vertical) for males. It can be seen that for almost
all cohorts, there is a decline in energy expended as they
age. LTPA energy expenditure at age 22 shows a decline
with recency of birth cohort, but the pattern is indistinct at
other ages.

Table 4 shows the median (25th and 75th percentiles) LTPA
energy expenditure by age (horizontal) and birth cohort (ver-
tical) for females. There appears to be an increase in energy
expenditure about 52 years of age (midpoint of 50–54) with
a decline at 72 years (midpoint of 70–74), but the pattern
with birth cohort is inconsistent.

Figs. 1–3 show the fitted models for daily LTPA energy
expenditure, time spent in LTPA and MET minutes for
males and Figs. 4–6 the models for females. For males,
age, cohort and period demonstrated independent effects
on energy expenditure, time spent and volume of LTPA.
Energy expenditure declined with age. Time spent and
volume of LTPA declined with age until the 40s and then
increased between 60 and 70 before declining again. Energy
expended, time spent and volume declined with recency of
cohort and period for males. For females, age was an indepen-
dent predictor for energy expended, time spent and volume of
LTPA and increases occurred after 50 years until the 70s when
it declined but still remained above levels during the 20s–40s.
All three measures of LTPA appeared to increase with recency
of birth cohort, but no statistically significant effects were
found. Energy expended, time spent and volume decreased
with period.

Discussion

For those who participated in LTPA, the energy expenditure
decreased with age in males but increased in females. It
declined with recency of birth cohort in males, but not in
females, and decreased with period for both the sexes. Partici-
pation in any LTPA decreased until middle age with some
increase at retirement age, 60–70 years, before declining.
Birth cohort had little effect on participation. Increases with
survey period from 1990 to 2000 were shown but returned
to baseline levels in 2005.

The age patterns for time spent and volume of LTPA for
younger adults (20–40 years) differ by sex. Young males
spend more time and have a greater volume of LTPA than
young females, and it is only after 60–70 years (retirement
age) that the time spent and volume become similar. Males
showed two patterns; a decline from 20 to 40 years and then
an increase from 60 years until 70 years. Females showed
an increase with age becoming more prominent after 50
years until declining at 70 years. In females, no significant
birth cohort effect was found for duration or volume, although
the trends appeared positive. Both the sexes experienced a
period decrease in duration and volume of LTPA. The
cross-sectional analysis of Merom et al. of the 1990–2000
NHS data indicated increases in walking and moderate activi-
ties over time, but it could be due to the effect of ageing of the
population. The longitudinal approach taken in the present
study allows the determination of the health promotional

Table 2. OR for participating in leisure-time physical activity*

OR 95 % CI P

Age midpoint (years)
22 2·7 2·0, 3·7 ,0·001
27 2·4 1·9, 3·0 ,0·001
32 2·0 1·7, 2·3 ,0·001
37 1·7 1·6, 1·8 ,0·001
42 1·7 1·6, 1·8 ,0·001
47 1·6 1·4, 1·8 ,0·001
52 1·7 1·4, 2·1 ,0·001
57 1·7 1·3, 2·3 ,0·001
62 1·8 1·3, 2·7 0·001
67 2·0 1·3, 3·1 0·003
72 1·5 0·9, 2·5 NS
77 0·9 0·5, 1·6 NS

Cohort midpoint
1913 1·2 0·6, 2·2 NS
1918 1·1 0·7, 1·9 NS
1923 0·9 0·6, 1·5 NS
1928 0·9 0·6, 1·3 NS
1933 0·8 0·6, 1·1 NS
1938 0·8 0·7, 1·0 NS
1943 0·9 0·8, 1·1 NS
1948 1·0
1953 1·0
1958 1·0 0·9, 1·1 NS
1963 1·0 0·8, 1·3 NS
1968 1·0 0·8, 1·4 NS
1973 1·0 0·7, 1·5 NS
1978 1·0 0·7, 1·6 NS
1983 0·8 0·5, 1·4 NS

Period
1990 1·0
1995 1·2 1·1, 1·3 0·005
2000 1·4 1·2, 1·6 ,0·001
2005 1·2 1·0, 1·6 NS

* The model is fitted without an intercept, therefore there is no reference for age, but
1946–55 is the reference for birth cohort and 1990 is the reference for survey period.

Table 1. Subjects included in the analysis and the percentages who undertook no leisure-time physical activity

1990 1995 2000 2005

Males Females Males Females Males Females Males Females

n 17 650 18 139 16 967 17 167 7375 8414 8017 9050
No leisure physical activity (%) 36·68 36·83 33·65 33·68 29·20 30·59 32·68 32·21
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Table 3. Median (25th and 75th percentiles) daily energy expenditure (kJ) from participation in leisure-time physical activity through the life course by birth cohort for males (n 50 009)

Age-group midpoint (years)

Birth

cohort 22 27 32 37 42 47 52 57 62 67 72 77

1981–5 604

(274–1417)

1976–80 696

(319–1428)

625

(277–1291)

1971–5 707

(302–1490)

738

(295–1488)

580

(236–1321)

1966–70 783

(325–1620)

618

(276–1361)

505

(218–991)

494

(221–1025)

1961–5 693

(169–1541)

563

(249–1228)

512

(200–1088)

490

(201–944)

1956–60 532

(240–1147)

502

(221–1015)

512

(208–1007)

522

(236–953)

1951–5 532

(235–1114)

502

(212–1019)

492

(214–947)

529

(226–987)

1946–50 502

(217–1022)

507

(224–1030)

452

(230–1036)

525

(249–1026)

1941–5 521

(225–1050)

508

(233–1008)

538

(227–1065)

506

(237–864)

1936–40 525

(246–1037)

591

(294–1268)

435

(205–883)

537

(304–1039)

1931–5 532

(261–1092)

501

(243–1016)

487

(225–946)

449

(247–846)

1926–30 554

(270–924)

593

(296–998)

580

(220–978)

425

(188–826)

1921–5 641

(289–1114)

483

(258–932)

439

(192–830)

1916–20 561

(268–1122)

425

(202–910)

#1915 479

(261–918)
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Table 4. Median (25th and 75th percentiles) daily energy expenditure (kJ) from participation in leisure-time physical activity through the life course by birth cohort for females (n 52 770)

Age-group midpoint (years)

Birth

cohort 22 27 32 37 42 47 52 57 62 67 72 77

1981–5 341

(147–688)

1976–80 359

(163–733)

363

(155–687)

1971–5 328

(144–692)

382

(184–756)

289

(134–598)

1966–70 391

(175–769)

317

(143–664)

282

(137–610)

326

(144–592)

1961–5 314

(149–641)

307

(154–631)

292

(134–591)

339

(169–606)

1956–60 327

(150–614)

294

(128–643)

266

(123–545)

291

(137–591)

1951–5 299

(133–608)

294

(129–565)

299

(161–591)

358

(190–656)

1946–50 288

(123–589)

282

(126–571)

337

(169–702)

381

(161–618)

1941–5 314

(136–663)

356

(160–737)

362

(182–673)

373

(167–692)

1936–40 343

(145–634)

369

(161–631)

346

(134–699)

336

(192–674)

1931–5 363

(160–725)

331

(176–679)

335

(141–612)

333

(168–632)

1926–30 344

(147–659)

346

(161–681)

290

(128–621)

242

(118–487)

1921–5 354

(167–683)

309

(153–565)

221

(111–492)

1916–20 319

(143–574)

288

(142–519)

%1915 243

(130–468)
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effects during the period independent from the effect of ageing
and birth cohort. This analytical approach demonstrates that
no overall gain in time spent or volume of LTPA was achieved
from 1990 to 2005(6).

The time spent in LTPA and the volume of the LTPA
explain some of the observed patterns in energy expenditure
with age, birth cohort and period. The trends in energy expen-
diture followed the patterns of time spent and volume of
LTPA with one exception; the increase in duration and
volume of LTPA from 60 to 70 years in males did not
correspond to an increase in the energy expenditure. This
may be because the decline in BMR with age after 60 years
(at least in the formulae used) means less energy expended

for any given LTPA volume. In females, no significant age
effect was found for the energy expenditure of LTPA, but it
seemed that there was a positive trend until 70 years of age.
Both the sexes experienced a period decrease in energy expen-
diture of LTPA. Recommendations to participate in LTPA
now place a greater emphasis on accumulating health-
enhancing amounts through moderate-intensity activities.
Although this contributes to decreasing health risk factors
such as CVD, it may be insufficient to increase the population
energy expenditure in LTPA and curb the problem of increas-
ing overweight and obesity. As noted by others(22), we may
need to give more detailed messages about intensity and dur-
ation of exercise.

Fig. 1. Males–leisure physical activity energy expenditure. Estimates and 95 % CI from the age–period–cohort model for daily energy expenditure fitted to the

Australian National Health Survey data for males. Age effects are the MJ/24 h and birth cohort and period effects are the ratios with 1940–50 as the reference for

cohort and 1990 the reference for period.

Fig. 2. Males–leisure physical activity minutes. Estimates and 95 % CI from the age–period–cohort model for time spent in leisure physical activity per day fitted

to the Australian National Health Survey data for males. Age effects are the min/24 h and birth cohort and period effects are the ratios with 1940–50 as the refer-

ence for cohort and 1990 the reference for period.
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The male population should be encouraged to increase the
volume of physical activity to avoid the sharp decline in
energy expenditure through their 20s–40s. More recently
born cohorts need the most focus. Younger females may also
benefit from interventions because those less than 50 years
spent less than 20 min/d in LTPA. In the present study, the esti-
mation of energy expenditure is restricted to LTPA and this
may be a small part of the total energy expenditure on a popu-
lation level. For women, energy expenditure in household tasks
makes a significant contribution to expenditure in addition to
occupation and leisure (http://www.abs.gov.au/AUSSTATS/
abs@.nsf/Latestproducts/4153.0Main%20Features22006?open

document&tabname=Summary&prodno ¼ 4153.0&issue=2006
&num=&view). Occupational energy expenditure may be a more
important determinant of an individual’s overall energy expendi-
ture because of the large proportion of waking hours spent
at work(23).

Among the limitations of the present study are that all data
were from self-report and BMR was calculated from formulae
and MET values obtained from tables rather than directly
measured(18,19). MET values are measured from resting energy
expenditure rather than basal conditions, and thus would be a
little lower than the true rise from BMR. The power of the
present analysis to detect both true period and cohort effects

Fig. 3. Males–leisure physical activity MET min. Estimates and 95 % CI from the age–period–cohort model for volume of leisure physical activity per day fitted to

the Australian National Health Survey data for males. Age effects are the MET min/24 h and birth cohort and period effects are the ratios with 1940–50 as the

reference for cohort and 1990 the reference for period.

Fig. 4. Females–leisure physical activity energy expenditure. Estimates and 95 % CI from the age–period–cohort model for daily energy expenditure fitted to the

Australian National Health Survey data for females. Age effects are the MJ/24 h and birth cohort and period effects are the ratios with 1940–50 as the reference

for cohort and 1990 the reference for period.
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may be limited by the short length of observation (15 years) and
smaller sample sizes in 2000 and 2005 resulting in sparse data for
the very early and late cohorts. The variability increases on
approach to the extremities for cohort.

In conclusion, the time, volume and energy expended in
LTPA were independently influenced by age and period, and
in males, birth cohort as well. As the trend for period declines,
more targeted health promotion messages addressing total
volume (duration and intensity) of LTPA for the avoidance
of overweight and obesity in addition to the other health

benefits of LTPA appear to be indicated. Investigation of
energy expended in other domains of physical activity is
also essential.
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