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Abstract
Background The aims were to compare: (1) baseline weights and weight gain trajectories; (2) sociodemographic, beha-
vioural and health characteristics driving weight gain; and (3) estimated average weight in 20 years’ time, in two cohorts of
young women.
Methods Data were from 16066 participants in two population-based cohorts of young adult women, born in 1973–78
(“GenX”) and 1989–95 (“millennials”). Weight was reported at baseline (age 18–23 in both cohorts) and 4 years later. High
weight gain was defined as >2.5% per year. Data were analysed in 2020.
Results Women born in 1989–95 were almost 4 kg heavier at age 18–23 and gained weight over 4 years 1.7 times faster than
those born in 1973–78. Prevalence of high weight gain was 34.2% in the 1989–95 cohort and 24% in the 1973–78 cohort. In
both cohorts, older age, higher education and high physical activity were associated with lower odds of high weight gain,
and more hours in paid work, poorer self-rated health and higher baseline BMI were associated with higher odds of high
weight gain. Five factors (outer regional areas, one child, ex or current smoker, high stress and depression) were deter-
minants of high weight gain in the 1989–95 cohort, but not in the 1973–78 cohort. Based on average weight at age 21 and
annual percentage weight gain, we estimate that women born in 1989–95 will, on average, be 16.7 kg heavier at age 41
(93.2 kg), than women in the 1973–78 cohort (76.5 kg).
Conclusion High weight gain was evident in every sociodemographic group in both cohorts but most evident in millennial
women with high levels of stress and depression. Without effective weight gain prevention strategies we estimate that more
than 50% of the millennial women will be in the obese BMI category in 20 years. This will have serious economic, health
and societal consequences.

Introduction

Although the focus of much research on weight gain and
the obesity pandemic has focussed on children, and to a
lesser extent, on mid-age adults, the ‘emerging adulthood’

life-stage (18–25 years) is now recognised as a critical
period for weight control [1]. This life-stage is associated
with transitions in education, work and living situations
which may in turn impact on behavioural, psychosocial and
environmental factors that are associated with weight gain.
Understanding the amounts and trajectories of weight
gained in early adulthood, and the determinants of unheal-
thy weight gain, is critical if we are to develop successful
strategies for obesity prevention. This is especially impor-
tant for women, who because of their reproductive roles,
face significant barriers to healthy weight maintenance
during their twenties and thirties.

Reports based on analyses of data from serial popu-
lation surveillance surveys have alerted us to the sig-
nificant increases in BMI in adult women in the UK and
USA since the 1960s [2]. Prospective data on weight gain
in young adult women (in their twenties) are however
surprisingly rare. Researchers with the US Coronary
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Artery Risk Development in Young Adults (CARDIA)
study have reported average annual weight increases over
10 years (among women in their twenties and thirties
from 1985/86 to 1995/96) of 0.69 kg/year in White
women and 1.19 kg/year in African-American women.
The largest weight gains were among women who were
in the overweight and obese BMI categories at baseline
[3]. Among female participants in the 1958 British birth
cohort study, average weight gain was similar to that of
the US white women; on average they gained 0.72 kg/
year between 1981 and 1991, when they were age 23–33
years [4]. As the British researchers noted that most of
those in the obese BMI category at age 33 would not
have been identified as “fat children”, the data support
the view that young adulthood is a critical period for
weight gain in women. Researchers with the Australian
Longitudinal Study on Women’s Health (ALSWH) have
reported slightly lower rates of weight gain in their
1973–78 cohort, who were age 18–23 at the start of their
study in 1996 [5]. On average the women gained 0.61
(95% CI: 0.580, 0.635) kg/year over 10 years [6].
Average weight gain was somewhat lower again in an
analysis of pooled data from seven German cohort stu-
dies, which were conducted between 1994 and 2012.
Women who were 20–22 at baseline gained between 0.40
and 0.60 kg/year in studies with follow-ups of between
4 and 12 years [7].

As women in western high income countries continue to
gain weight at these rates, many will transition from the
healthy weight range in young adulthood, to becoming
overweight or obese in mid-life [8]. The CARDIA
researchers have shown that 10 year weight gain in young
adults of both races and sexes tends to confer adverse
changes in cardiovascular risk factors [9], while, in con-
trast, weight maintenance in early adulthood is associated
with better cardio-metabolic functioning 15 years later,
regardless of weight status at baseline [10]. The ALSWH
researchers have shown many additional consequences of
becoming overweight or obese in young adulthood (e.g.
diabetes and asthma [11], depressive symptoms [12],
gestational diabetes [13], back pain [14] and urinary
incontinence. [15]).

In 2013 the ASLWH researchers recruited a second
cohort of women who were the same age at baseline as the
1973–78 cohort (18–23 years), but born 16 years later (in
1989–95) [16]. The first aim of this paper was to compare
the baseline weights and weight trajectories of the women
in the second cohort with those seen in the first cohort,
over the first 4 years of each study (when the women were
in their early twenties). The second aim was to compare
the associations between baseline sociodemographic,
behavioural and health characteristics of each cohort with
high rates of weight gain, in order to ascertain whether

these were any different for women who were in the same
age range during the periods 1996–2000 and 2013–2017.
Finally, we used the rates of weight gain in each cohort to
predict the average weight of women in each cohort
20 years later.

Methods

Data sources and participants

Data were from participants in two birth cohorts of the
ALSWH, born in 1973–78 and 1989–95 [5, 16]. Parti-
cipants in the 1973–78 cohort were randomly selected
from a national database (of all Australian permanent
residents) in 1995; they completed mailed surveys in
1996 and 2000, then at three yearly intervals to 2018
[17]. Participants in the 1989–95 cohort were selected
using a range of methods (including paid Facebook
advertising, promotion using social and traditional
media, and peer referral); they have completed web-
based surveys annually since 2013 [18]. Data from the
1996 and 2000 surveys of the 1973–78 cohort and the
2013 and 2017 surveys of the 1989–95 cohort were used
for weight gain analyses, with a 4 year interval between
the two surveys in both cohorts.

Recruitment details, baseline characteristics, response
and attrition rates have been reported elsewhere [5, 16–18].
At the time of recruitment, women in both cohorts were
largely representative of women in the 18–23 year old age
group in Australia, but with over-representation of women
with University education, especially in the 1989–95 cohort
[5, 16]. Informed consent was obtained from all partici-
pants, with ethical clearance from the Universities of
Newcastle and Queensland.

As shown in Supplementary Fig. 1, 9688 women in the
1973–78 cohort completed surveys conducted in 1996 (S1)
and 2000 (S2), and 8495 women in the 1989–95 cohort
completed surveys conducted in 2013 (S1) and 2017 (S2).
Of these, women were excluded if they were pregnant at the
time of either survey (691 in the first and 303 in the second
cohort) or if they did not answer the question about preg-
nancy. Of the remaining eligible women, 699 (1973–78)
and 142 (1989–95) did not answer the questions about
weight, leaving 8135 and 7931 women in the analytical
samples for each cohort.

Measures

Copies of the ALSHW surveys, showing the exact wording of
each question, can be obtained from the researchers through:
https://www.alswh.org.au/for-data-users/data-documentation/
surveys/
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Weight and weight change

In each survey, women were asked to report their weight
(kg) without clothes or shoes and height (m) without
shoes. Weight change was calculated as weight at
S2 minus weight at S1. Average annual percentage weight
change, d, between S1 and S2 was calculated as d= [(W2/
W1)1/4–1]*100, where W1 and W2 are weights at suc-
cessive surveys, 4 years apart. This variable was cate-
gorised as: high weight loss, >2.5%; low weight loss, 2.5%
to <1.5%; stable weight, 1.5% to 1.5%; low weight gain,
>1.5% to <2.5%; or high weight gain, ≥2.5%. BMI was
calculated as kg/m2 and categorised as: underweight
(<18.5 kg/m2); healthy weight (≥18.5–<25 kg/m2; ‘over-
weight’ (≥25–<30 kg/m2); or ‘obese’ (≥30 kg/m2) [19].

Determinants of weight gain

Selection of potential determinants of weight gain (≥2.5%
per year) was based on variables known from our previous
analyses of data from the 1973 to 78 cohort to be associated
with weight change, and those identified in previous
reviews [20, 21]. To ensure comparability in the analyses,
variables were only included if the same questions were
asked in the baseline survey of both cohorts. All variables
were therefore assessed at S1, with two exceptions: physical
activity was assessed at S2, because the questions asked in
the baseline surveys of the two cohorts differed; depression
was also assessed at S2 because the question was not
included at baseline for the 1973–78 cohort.

Socio-demographic characteristics

Questions were asked at each survey about age, education,
area of residence, country of birth, hours of paid work,
marital status and number of children, categorised as shown
in Table 1.

Health behaviours

Women were asked to report on smoking (current and former
status), alcohol (frequency, and number of standard drinks
consumed on each occasion) and responses were categorised
as shown in Table 1 [22]. In both second surveys, women
were asked about frequency and duration of brisk walking and
moderate-intensity and vigorous leisure activities. Responses
were used to calculate total physical activity in MET·minutes
per week, categorised as shown in Table 1 [23].

Other health-related variables

Women were asked to report their self-rated health on a five
point scale (excellent, very good, good, fair or poor) and

Table 1 Sociodemographic, behavioural and health characteristics of
women included in the analysis samples from each cohort, at baseline
in 1996 and 2013a.

1973–78
(N= 8135)
1996

1989–95
(N= 7931)
2013

N % N %

SOCIODEMOGRAPHIC FACTORS

Age groups (years)

17–18 1119 13.8 1044 13.2

19–20 3263 40.1 2647 33.4

21–22 3198 39.3 2819 35.5

23–24 555 6.8 1421 17.9

Education (highest completed)

High school (<Year 11) 980 12.1 360 4.7

High school (Year 12) 4648 57.3 3634 47.2

Trade/Certificate/Diploma 1397 17.3 1373 17.8

Tertiary (Bachelor’s or higher
degree)

1075 13.3 2334 30.3

Area of residence

Major city 4329 53.3 5902 74.4

Inner regional 2422 29.8 1343 16.9

Outer regional 1141 14.0 512 6.5

Remote or very remote 236 2.9 172 2.2

Marital Status

Single 1529 18.9 1679 21.2

In a relationship 6570 81.1 6251 78.8

Number of children

0 7611 93.9 7638 96.3

1 381 4.7 233 2.9

≥2 117 1.4 60 0.8

Hours in paid work (per week)

0 3781 47.0 1652 20.8

1–15 962 12.0 2460 31.0

16–40 2255 28.0 3326 42.0

41+ 1047 13.0 489 6.2

BEHAVIOURAL FACTORS

Alcohol Status

Low risk/no-binge 5794 72.5 6304 79.5

Non-drinker 641 8.0 565 7.1

Low risk/binge 1134 14.2 825 10.4

Risky/high risk drinker 422 5.3 237 3.0

Smoking Status

Never 4449 56.9 5425 68.4

Ex-Smoker 1133 14.5 1389 17.5

Smoker 2231 28.6 1117 14.1

Physical activity (MET-min/week)a

0–249 1859 23.4 1262 16.1

250–499 1269 16.0 1009 12.9

500–749 868 11.0 732 9.4
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whether they had been “told by a doctor in the last 4 years
that they had depression” (1973–78 cohort) or “diagnosed
with or treated for depression in the last 12 months”
(1989–95 cohort) (yes/no). Perceived stress levels were
assessed using an 11-item validated scale with items on
specific life domains: own health, health of family mem-
bers, work/employment, living arrangements, study, money,
relationships with family and friends, and motherhood [24].
A mean score (0–4) was derived and categorised as: not
stressed (<1); somewhat stressed (1–1.99) or moderately/
very stressed (≥2).

Statistical analysis

Descriptive statistics were used to describe the baseline
sociodemographic, behavioural and health-related char-
acteristics of women in each cohort. Proportions of women
in each weight gain category were calculated for each
cohort, and the proportions in the high weight gain category
(>2.5% per annum) were computed for each of the socio-
demographic, behavioural and health-related variables.
Poisson regression, with robust adjustment for variance,
was used to examine associations between these variables

and high weight gain, in each cohort. Analyses were
adjusted using a hierarchical model in three blocks with the
most distal to the most proximal determinants of obesity: (1)
sociodemographic; (2) behavioural; and (3) health-related
variables. Variables from the first block were retained for the
next stage if the p value was ≤0.20. Finally, 20 year weight
gain trajectories were calculated using the estimated average
annual percentage weight change in the first 4 years. Pro-
jected data for the 1973–78 cohort were compared with the
actual weights recorded in subsequent surveys, which were
administered at 3 yearly intervals from 2000 to 2018. Data
were analysed using STATA version 16, in 2020.

Results

As shown in Supplementary Fig. 1, 8135 and 7931 women
were included in the analysis samples from each cohort. The
majority (96.1% of the 1973–78 cohort and 96.8% of the
1989–95 cohort) were born in Australia or another English
speaking country. Their baseline (1996 and 2013) socio-
demographic, behavioural and health characteristics are
shown in Table 1. The proportions of women with a Uni-
versity degree, living in a major city, and in the paid
workforce, were higher in the 1989–95 cohort. The pro-
portions in the highest physical activity, BMI and stress
categories, were also greater in this cohort, as was the pre-
valence of depression. In contrast, the prevalence of smok-
ing was higher in the 1973–78 than in the 1989–95 cohort.

Further details about age, weight and weight gain are
shown in Table 2. Although the mean ages at baseline and
follow-up were identical in the two cohorts, average base-
line weight and average annual percentage weight gain were
higher in the 1989–95 cohort (by 3.8 kg and 70% respec-
tively) than in the cohort born 16 years earlier.

The proportions of women in each category of average
annual percentage weight change (over 4 years) are shown

Table 1 (continued)

1973–78
(N= 8135)
1996

1989–95
(N= 7931)
2013

N % N %

750–1000 1017 12.8 963 12.3

1000–1499 1061 13.4 1103 14.1

1500+ 1860 23.4 2758 35.2

HEALTH-RELATED FACTORS

Self-rated health

Excellent 1061 13.1 636 8.0

Very good 3267 40.4 3094 39.0

Good 2867 35.4 3029 38.2

Fair/poor 896 11.1 1172 14.8

Body mass index (kg.m−2)

Under/normal weight (<25) 6169 77.3 5460 69.8

Overweight (25-<30) 1280 16.0 1441 18.4

Obese (≥30) 530 6.7 922 11.8

Stress score

<1 4825 59.5 2908 36.7

1–1.99 2914 35.9 4048 51.0

2+ 373 4.6 975 12.3

Depressiona

No 7101 88.2 4713 59.5

Yes 947 11.8 3214 40.5

aPhysical activity and depression assessed in 2000 and 2017.

Table 2 Age, weight and weight gain in women in the analysis
samples from each cohort.

1973–78 Cohort
N= 8135

1989–95 cohort
N= 7931

Baseline survey year 1996 2013

4 year follow-up year 2000 2017

Mean (SD) Mean (SD)

Age at baseline (years) 20.8 (1.5) 20.6 (1.7)

Age at follow-up (years) 24.6 (1.5) 24.6 (1.7)

Weight at baseline (kg) 62.7 (12.5) 66.5 (15.2)

Absolute 4 year weight
change (kg)

2.5 (6.9) 4.8 (8.5)

Annual percentage weight
gain (% per year)

1.0 (2.6) 1.7 (2.9)
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in Fig. 1. More than one-third (34.2%) of the 1989–95
cohort were categorised as ‘high weight gain’ (>2.5% per
year), compared with fewer than one quarter (24%) in the
1973–78 cohort. This represents an absolute increase of
10.2% percentage points and a relative increase in 42.5% in
those categorised as ‘high weight gainers’ in the 1989–95
cohort, compared with the 1973–78 cohort at the same age.

Cohort differences in the proportion of high weight
gainers according to sociodemographic, behavioural and
health characteristics are shown in Table 3. In both cohorts,
high weight gainers were represented in every category of
each of the sociodemographic, behavioural and health
variables, but women with University education, high
physical activity levels and excellent health were least likely
to be high weight gainers. In contrast, in both cohorts, the
highest proportions of high weight gainers were among the
17–18 year olds, women with only school education up to
year 11, those who worked >16 hours/week in paid work,
those who reported no physical activity, and those who
were in the overweight or obese BMI categories.

As shown in Table 3, there were also cohort differences –
high weight gainers were over-represented in the 1989–1995
cohort (by at least 50% relative to the 1973–1978 cohort)
among women with year 11 and technical education (trade/
certificate/diploma), those living in outer regional areas,
those with one child, ex and current smokers, those with
low PA levels, with fair/poor health, high stress scores and
depression. The largest relative difference was observed in
women with one child, who were 90% more likely to be in
the high weight gain category in the 1989–96 cohort, rela-
tive to the 1973–78 cohort. However, there were few
mothers in either cohort, and the proportion of women with
children was lower in the 1989–95 cohort (3.7%) than in the
1973–78 cohort (6.1%; see Table 1).

Crude and adjusted associations between the potential
determinants and high weight gain are shown for each cohort
in Table 4. Factors associated with lower odds of high

weight gain in both cohorts were older age, higher education
and high physical activity. In contrast, more hours in paid
work, poorer self-rated health and higher BMI were asso-
ciated with increased odds of high weight gain in both
cohorts. Living in an outer regional area, having one child,
being an ex or current smoker, and having high stress or
depression, were determinants of high weight gain in the
1989–95 cohort but not in the 1973–78 cohort.

Projected 20 year weight gain trajectories, based on the
actual weight gain data for the first 4 years, are shown in
Fig. 2. In the 1973–78 cohort, based on average weight at
age 21 of 62.7 kg, and annual percentage weight gain of
1.0% per year, we estimate that the average weight at age 41
will be 76.5 kg (an increase of 22%). For the 1989–95
cohort, with baseline weight of 66.5 kg at age 21, and a
1.7% annual increase, we estimate that average weight at
age 41 will be 93.2 kg (an increase of 40%). In Fig. 2, actual
average weight data from the eight surveys of the 1973–78
cohort conducted from 1996 to 2018, are superimposed on
the projected weight gain trajectory; there was very good
agreement between the actual data and predicted estimates.

Discussion

Data from the ALSWH provided a rare opportunity to
compare baseline weights, 4 year weight trajectories, and
determinants of high weight gain in two cohorts of women
who were in the same 5 year age range, but born 16 years
apart. We found that the women who were born later
(1989–95) were almost 4 kg heavier at age 18–23, and
gained weight over 4 years at almost twice the rate of the
cohort born in the seventies. Based on these data, we esti-
mate that women born in 1989–95 will, on average, be
16.7 kg heavier at age 41, than women in the 1973–78
cohort. With an average height of 1.66 m this would mean
an average BMI of 33.8. These estimates of weight gain are
based on 4 year data from all the women in each cohort,
including those who attempted to control their weight by
dieting or other means [25, 26].

These data ratify previous reports that the ‘millennials’
(born 1982–99) have higher rates of obesity than ‘Gen
Xers’ (born 1965–81) [2, 27, 28]. However, empirical data
on rates of weight gain in millennial women have not been
previously reported. Average annual weight gain was much
higher in this millennial cohort than in earlier cohorts in
Australia (this study), and in the US3 and UK4. If our
projections are ratified, the health effects for our millennial
cohort will be profound. With average BMI in the obese
category, there will be increases in ‘mainstream’ NCDs
such as CVD, diabetes, cancers, osteo-arthritis and mental
health problems, and in numerous less frequently cited
consequences of obesity such as incontinence, cataracts,

Fig. 1 Average annual percentage weight change over 4 years.
Proportions of women in each category of average annual percentage
weight change (over 4 years) in the 1973–78 (N= 8135) and 1989–95
(N= 7931) cohorts.
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Table 3 Proportion of women in the high weight gain category (>2.5% per annum) and cohort differences in this proportion according to
sociodemographic, behavioural and health characteristics.

% with high weight gain Difference between cohorts

1973–78 %
(95% CI)

1989–95 %
(95% CI)

Absolute (percentage
points)

Relative (%)

Overall 24.0 34.2 10.2 42.5

SOCIODEMOGRAPHIC FACTORS

Age

17–18 26.9 (24.4–29.6) 38.5 (35.6–41.5) 11.6 43.1

19–20 23.8 (22.4–25.3) 35.8 (34.0–37.7) 12.0 50.4

21–22 23.4 (21.9–24.9) 32.3 (30.6–34.0) 8.9 38.0

23–24 23.1 (19.7–26.8) 31.8 (29.4–34.3) 8.7 37.7

Education (highest completed)

High School
(≤Year 11)

26.0 (23.4–28.9) 41.9 (36.9–47.1) 15.9 61.2

High School
(Year 12)

24.3 (23.0–25.5) 34.7 (33.1–36.2) 10.4 42.8

Trade/Certificate/
Diploma

24.4 (22.2–26.7) 40.1 (37.6–42.7) 15.7 64.3

Tertiary (Bachelor’s
Degree)

20.3 (18.0–22.8) 29.5 (27.7–31.4) 9.2 45.3

Area of residence

Major city 23.6 (22.3–24.8) 33.4 (32.2–34.6) 9.8 41.7

Inner regional 24.6 (22.9–26.4) 36.0 (33.4–38.6) 11.4 46.2

Outer regional 23.2 (20.9–25.8) 38.5 (34.4–42.8) 15.3 65.7

Remote or
very remote

29.2 (23.8–35.4) 34.9 (28.1–42.3) 5.7 19.3

Marital status

Single 26.9 (24.8–29.2) 33.8 (31.5–36.1) 6.9 25.7

In relationship 23.3 (22.3–24.3) 34.3 (33.1–35.5) 11.0 47.2

Number of children

0 24.1 (23.2–25.1) 34.0 (32.9–35.0) 9.9 40.8

1 22.1 (18.2–26.5) 42.1 (35.9–48.5) 20.0 90.1

≥2 23.9 (17.1–32.5) 31.7 (21.2–44.4) 7.7 32.3

Hours in paid work (per week)

0 22.7 (21.4–24.1) 33.2 (31.0–35.5) 10.5 46.3

1–15 22.5 (19.9–25.2) 31.1 (29.3–33.0) 8.6 38.5

16–40 26.0 (24.2–27.8) 36.7 (35.0–38.3) 10.7 41.0

41+ 26.0 (23.4–28.7) 35.8 (31.7–40.1) 9.8 37.8

BEHAVIOURAL FACTORS

Alcohol status

Low risk/non-binge 24.0 (22.9–25.1) 34.7 (33.5–35.9) 10.7 44.7

Non-drinker 25.7 (22.5–29.3) 33.6 (29.8–37.6) 7.9 30.6

Low risk/binge 21.4 (19.1–23.9) 30.3 (27.3–33.5) 8.9 41.4

Risky/high risk
drinker

27.0 (23.0–31.5) 35.4 (29.6–41.7) 8.4 31.2

Smoking status

Never 23.4 (22.1–24.6) 32.6 (31.3–33.8) 9.2 39.5

Ex-Smoker 24.7 (22.3–27.3) 37.2 (34.6–39.7) 12.4 50.3

Smoker 25.2 (23.5–27.1) 38.4 (35.6–41.3) 13.2 52.2
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and reproductive health problems [15, 29–32]. This will
mean increased health care costs, as previous analyses of
ALSWH data have already shown that health care costs are
significantly higher for women in the obese BMI category
until at least 78 years of age, and that Australian women
with obesity have almost twice the number of prescriptions
and higher pharmaceutical costs across the lifespan than
women with healthy weight [33].

Understanding the factors associated with the differing
trajectories of weight gain in these two cohorts is critical to
the development of targeted weight gain prevention strate-
gies for the millennial cohort, as most are yet to face the
challenges of healthy weight maintenance during their
reproductive years. Overall, we expected that the socio-
demographic differences between the two cohorts (i.e.
lower education, living outside a major city) would under-
pin a higher overall weight distribution in the 1973–78 than
in the 1989–95 cohort, but this was not the case. Although
there were some similarities in the sociodemographic,
behavioural and health determinants of being in the highest

weight gain category (>2.5% per year) in each cohort, there
were also important differences. High weight gainers were
over-represented among women in the 1989–95 cohort in
some sub-groups, most notably women with Year 11 or
technical education, those living in outer regional areas,
those with one child. High stress levels and depression were
more prevalent, but smoking was less prevalent, in the
1989–95 cohort; all three were associated with high
weight gain.

High scores on our stress scale may reflect some of the
well-known stereotypes of millennial women, in terms of
worry about education, part-time work and future career
progression and earnings [27]. Time pressures due to work
and study may lead to unhealthy eating [34], but as we did
not have dietary measures in the first 4 years of the 1989–95
cohort, we could not confirm this was the case here.
However, psychosocial stress is a known determinant of
weight gain [35] and previous analyses of the ALSWH
1973–78 cohort data have shown that women who reported
the most stress gained an additional 2.3 kg over 9 years,

Table 3 (continued)

% with high weight gain Difference between cohorts

1973–78 %
(95% CI)

1989–95 %
(95% CI)

Absolute (percentage
points)

Relative (%)

Physical activity (MET-min/week)

0–249 28.5 (26.5–30.6) 42.6 (39.9–45.4) 14.1 49.8

250–499 23.6 (21.3–26.0) 38.5 (35.5–41.5) 14.9 63.2

500–749 26.3 (23.4–29.3) 36.1 (32.7–39.6) 9.8 37.3

750–1000 22.5 (20.1–25.2) 35.0 (32.0–38.1) 12.5 55.4

1000–1499 24.1 (21.6–26.8) 31.3 (28.6–34.1) 7.2 29.6

1500+ 20.1 (18.3–22.0) 29.2 (27.5–30.9) 9.1 45.0

HEALTH-RELATED FACTORS

Self-rated health

Excellent 18.6 (16.3–21.0) 22.3 (19.1–25.6) 3.6 19.4

Very good 22.3 (20.9–23.8) 30.4 (28.8–32.1) 8.1 36.3

Good 27.1 (25.5–28.7) 37.6 (35.9–39.3) 10.5 38.8

Fair/poor 26.7 (23.9–29.7) 42.0 (39.2–44.8) 15.3 57.4

Body mass index

Underweight/Normal 23.0 (22.0–24.1) 31.1 (29.9–32.4) 8.1 35.3

Overweight 27.7 (25.3–30.3) 41.1 (38.6–43.6) 13.3 48.1

Obese 27.2 (23.6–31.1) 40.1 (37.0–43.3) 13.0 47.8

Stress score

<1 23.1 (21.8–24.2) 29.2 (27.6–30.9) 6.1 26.9

1–1.99 25.3 (23.7–26.9) 35.7 (34.2–37.1) 10.4 40.9

2+ 27.4 (23.1–32.1) 43.1 (40.0–46.2) 15.7 57.5

Depression

No 23.9 (22.9–24.9) 30.3 (29.0–31.7) 6.5 27.0

Yes 24.3 (21.8–27.2) 39.9 (38.2–41.6) 15.5 63.4
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Table 4 Crude and adjusted associations (prevalence ratios, PR) between sociodemographic, behavioural and health characteristics with high
weight gain in each cohort.

1973–78 cohort 1989–95 cohort

Crude PR
(95% CI)

Adjusted PR
(95% CI)

Crude PR
(95% CI)

Adjusted PR
(95% CI)

SOCIODEMOGRAPHIC FACTORS

Age groups

17–18 1.00 1.00 1.00 1.00

19–20 0.88 (0.79–0.99) 0.88 (0.78–0.99) 0.93 (0.85–1.02) 0.93 (0.85–1.03)

21–22 0.87 (0.77–0.97) 0.86 (0.76–0.98) 0.84 (0.76–0.92) 0.86 (0.78–0.95)

23–24 0.86 (0.72–1.03) 0.84 (0.69–1.02) 0.83 (0.74–0.92) 0.86 (0.77–0.98)

Education (highest completed)

High School
(<Year 11)

1.00 1.00 1.00 1.00

High School
(Year 12)

0.93 (0.83–1.05) 0.96 (0.85–1.09) 0.83 (0.73–0.94) 0.84 (0.73–0.96)

Trade/Certificate/
Diploma

0.94 (0.82–1.08) 0.92 (0.79–1.06) 0.96 (0.83–1.10) 0.97 (0.84–1.11)

Tertiary (>Bachelor’s
Degree)

0.78 (0.66–0.91) 0.80 (0.68–0.95) 0.70 (0.61–0.81) 0.74 (0.64–0.86)

Area of residence

Major city 1.00 1.00 1.00 1.00

Inner regional 1.04 (0.96–1.14) 1.02 (0.93–1.12) 1.08 (0.99–1.17) 1.06 (0.97–1.15)

Outer regional 0.99 (0.88–1.11) 0.96 (0.85–1.08) 1.15 (1.03–1.29) 1.12 (1.00–1.26)

Remote or
very remote

1.24 (1.01–1.52) 1.19 (0.96–1.47) 1.04 (0.85–1.29) 1.05 (0.86–1.30)

Marital status

Single 1.00 1.00 1.00 1.00

In Relationship 0.86 (0.79–0.95) 0.85 (0.77–0.95) 1.02 (0.94–1.10) 1.02 (0.94–1.10)

Number of children

0 1.00 1.00 1.00 1.00

1 0.91 (0.75–1.11) 0.87 (0.70–1.08) 1.24 (1.06–1.44) 1.31 (1.11–1.53)

≥2 0.99 (0.72–1.37) 0.90 (0.64–1.27) 0.93 (0.64–1.35) 1.02 (0.70–1.49)

Hours in paid work (per week)

0 1.00 1.00 1.00 1.00

1–15 0.99 (0.87–1.13) 0.99 (0.87–1.13) 0.94 (0.86–1.02) 0.97 (0.89–1.07)

16–40 1.14 (1.04–1.25) 1.17 (1.06–1.29) 1.10 (1.02–1.20) 1.19 (1.09–1.29)

41+ 1.14 (1.02–1.29) 1.16 (1.02–1.32) 1.08 (0.94–1.23) 1.20 (1.04–1.38)

BEHAVIOURAL FACTORS

Alcohol status

Low risk/non-binge 1.00 1.00 1.00 1.00

Non-drinker 1.07 (0.93–1.23) 1.08 (0.94–1.25) 0.97 (0.86–1.09) 0.97 (0.85–1.09)

Low risk/binge 0.89 (0.79–1.01) 0.89 (0.78–1.01) 0.87 (0.78–0.97) 0.85 (0.76–0.94)

Risky/high risk
drinker

1.13 (0.96–1.33) 1.08 (0.91–1.29) 1.02 (0.86–1.22) 0.97 (0.82–1.16)

Smoking status

Never 1.00 1.00 1.00 1.00

Ex-Smoker 1.06 (0.94–1.19) 1.04 (0.92–1.17) 1.14 (1.05–1.23) 1.11 (1.03–1.21)

Smoker 1.08 (0.99–1.18) 1.06 (0.96–1.17) 1.18 (1.08–1.28) 1.15 (1.05–1.25)

Physical activity (MET-min/week)

0–249 1.00 1.00 1.00 1.00
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relative to those who reported less stress [36]. Given that the
millennial cohort reported greater levels of stress than the
GenX cohort, the complex and likely multi-factorial and

bi-directional relationships [37] between stress, smoking,
depression and weight gain in our millennial cohort clearly
merit further investigation.

The clear inverse dose-response relationship between
physical activity and high weight gain in both cohorts,
suggests that, despite the marked cohort differences in
levels of stress and depression, physical activity may be
critical for the prevention of high weight gain. As physical
activity can also confer benefits that neutralise the adverse
effects of psychosocial stress [38], promotion of higher
levels of physical activity physical activity may be parti-
cularly pertinent for millennial women. Researchers with
the Nurses’ and Health Professionals’ cohorts have also
promoted physical activity as one of the most important
contributors to health and well-being with increasing age
[29, 39, 40]. Moreover, as obesity has emerged as an
important risk factor for hospitalisation during the current
COVID-19 pandemic, it is important to note that regular
moderate intensity physical activity also reduces mor-
bidity and mortality from viral infection and respiratory
illnesses [41].

Table 4 (continued)

1973–78 cohort 1989–95 cohort

Crude PR
(95% CI)

Adjusted PR
(95% CI)

Crude PR
(95% CI)

Adjusted PR
(95% CI)

250–499 0.83 (0.73–0.94) 0.82 (0.72–0.93) 0.90 (0.82–1.00) 0.90 (0.81–1.00)

500–749 0.92 (0.81–1.05) 0.94 (0.82–1.08) 0.85 (0.75–0.95) 0.86 (0.77–0.97)

750–1000 0.79 (0.69–0.91) 0.78 (0.68–0.90) 0.82 (0.74–0.91) 0.83 (0.75–0.93)

1000–1499 0.85 (0.75–0.96) 0.83 (0.72–0.95) 0.73 (0.66–0.82) 0.75 (0.67–0.83)

1500+ 0.71 (0.63–0.79) 0.73 (0.64–0.82) 0.68 (0.63–0.75) 0.69 (0.63–0.75)

HEALTH-RELATED FACTORS

Self-rated health

Excellent 1.00 1.00 1.00 1.00

Very good 1.20 (1.04–1.38) 1.21 (1.04–1.40) 1.37 (1.17–1.60) 1.28 (1.09–1.50)

Good 1.46 (1.27–1.68) 1.35 (1.16–1.57) 1.69 (1.45–1.97) 1.42 (1.21–1.67)

Fair/poor 1.44 (1.22–1.70) 1.29 (1.07–1.55) 1.89 (1.61–2.22) 1.46 (1.22–1.73)

Body mass index

Underweight/Normal 1.00 1.00 1.00 1.00

Overweight 1.20 (1.09–1.33) 1.17 (1.05–1.30) 1.32 (1.23–1.42) 1.21 (1.13–1.31)

Obese 1.18 (1.02–1.37) 1.15 (0.99–1.34) 1.29 (1.18–1.41) 1.08 (0.98–1.19)

Stress score

<1 1.00 1.00 1.00 1.00

1–1.99 1.10 (1.01–1.19) 1.07 (0.98–1.17) 1.22 (1.14–1.31) 1.10 (1.02–1.19)

2+ 1.19 (1.00–1.41) 1.08 (0.89–1.31) 1.48 (1.35–1.62) 1.25 (1.13–1.38)

Depression

No 1.00 1.00 1.00 1.00

Yes 1.02 (0.91–1.15) 0.97 (0.86–1.10) 1.31 (1.24–1.40) 1.17 (1.10–1.25)

Adjusted analyses used a hierarchical model in three blocks with the most distal to the most proximal determinants of obesity: (1)
sociodemographic; (2) behavioural; and (3) health-related variables. Variables from the first block were retained for the next stage if p value ≤ 0.20

Fig. 2 Trajectories of weight gain. Solid line - 1973-78 cohort, N=
8135; Dashed line - 1989-95 cohort, N= 7931. Based on data from
surveys when average age was 21 and 25. Round symbols show actual
average weight of the women in the 1973–78 cohort at each survey
when their average age was 21, 25, 28, 34, 37 and 40 [28].
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In addition to the ‘structured’ physical activity assessed
in our surveys, it is possible that declines in overall energy
expenditure (attributable to decreasing energy expenditure
in occupations, at home, and in transport [42]) might
explain the higher levels of weight gain in the 1989–95
cohort, and in consecutive generations of women around the
world. For example, in the US, daily occupation-related
energy expenditure has decreased by more than 100 calories
over the last 50 years [43]. Decreases in activity at work,
and the higher proportion of millennial women who are in
paid work, could therefore account for a proportion of the
observed difference in rates of weight gain in these two
cohorts. Future research should investigate the role of other
determinants, including diet quality and quantity, food
availability and preparation styles, as well as potential gut
microbiome, genetic and metabolomic factors that may
influence energy balance and weight gain [44].

Strengths and limitations

The strengths of this study are the prospective design and
the inclusion of two large nationwide samples of women in
the emerging adulthood life-stage, born 16 years apart.
Their demographic characteristics are remarkably similar in
terms of age, country of birth, marital status and number of
children, but there are some important differences. The
higher proportion of women living outside major cities in
the 1973–78 cohort reflects the intentional over-sampling of
rural women in that cohort [17], while cohort differences in
other characteristics (such as having a university degree,
being in paid work, and smoking) reflect the socio-cultural
changes which occurred in Australia in the eighties and
nineties Overall, the characteristics of our analysis samples
were similar to those of women in the ‘parent’ cohorts
(established in 1996 and 2013), who were, in turn, rea-
sonably representative of Australian women in the same age
range [5, 16]. There was however, considerable loss-to-
follow up, (see Supplementary Table 1) and over-
representation of University educated women may have
resulted in underestimation of weight and weight gain [45].
Loss-to-follow-up is unlikely to have introduced differential
bias, which would affect the magnitude and direction of the
associations reported here.

In the ALSWH, we have continuously monitored and
improved our survey instruments as new and improved
measures have become available. This means that in some
cases we have changed the way that variables are assessed.
While this may improve the accuracy of measures, it makes
longitudinal analysis challenging. A strength of this study
was that we only used explanatory variables that were
measured using identical (or very similar) questions in both
cohorts, so that associations between the potential deter-
minants and high weight gain could be directly compared.

A consequent limitation of the current analyses was that
we were unable to include some important determinants of
high weight gain (e.g. sitting time, energy intake, dieting and
medication use) because the data were not available in both
cohorts in this age-matched 4 year period. As in most large
cohort studies, another limitation was that all the data were
based on self-report, which may mean that our estimates of
weight and weight gain may be under-reported, especially by
women who are obese [46]. It is therefore possible that
under-reporting was slightly greater in the 1989–95 cohort.

Implications

As more than one quarter of the 1973–78 cohort and one-
third of the 1989–95 cohort were ‘high weight gainers’, and
high weight gain (>2.5% per annum) was evident in women
in every category of all the measured determinants, weight
gain prevention strategies are required for all sub-groups of
women. Among the highly stressed millennial cohort, those
living in outer regional areas, those with technical education,
smokers, and women with young children and with depres-
sion warrant specific attention. The data support the view
that, without action, women’s continued participation in the
workforce may be compromised, with increases in illness-
related absenteeism, and decreased productivity, as well as
increased health costs. [27]

Conclusion

Women in the millennial cohort (1989–95) were sig-
nificantly heavier and gained weight faster over four
years than those in the GenX cohort (1973–78), regard-
less of sociodemographic and behavioural characteristics.
Our projections suggest that, without intervention, mil-
lennial women will have an average BMI of 33.8 at age
41. This will have significant health and economic con-
sequences. Weight gain prevention strategies are urgently
required, especially as these women negotiate their child-
rearing years, when rates of weight gain are likely to be
even higher.
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