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Objective: This study aimed to describe the changes in weight and waist circumference (WC), examine

the incidence of obesity as defined by body mass index (BMI) and WC, and describe the changes in the

prevalence of obesity over 12 years.

Methods: In 1999/2000, 11,247 adults aged �25 years were recruited from 42 randomly selected areas

across Australia. In total, 44.6% of eligible participants completed follow-up in 2011/12. Height, weight,

and WC were measured at both surveys.

Results: People who were 25–34 years of age at baseline gained an average of 6.7 kg weight and 6.6

cm WC, whereas those aged �75 years lost an average of 4.5 kg and gained an average of 0.8 cm.

Women had a greater increase in WC than men, but did not differ in terms of weight gain. The 12-year

incidence of obesity was 15.0% when defined by BMI and 31.8% when defined by WC. According to

BMI and WC combined, the percentage of the cohort that was normal weight decreased from 33 to 21%

and the percentage that was obese increased from 32 to 49% between baseline and 2012.

Conclusions: In addition to BMI, assessment of WC should be incorporated more frequently when

assessing population trends of obesity and the burden of disease associated with excess adiposity.
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Introduction
Obesity is estimated to be the third largest contributor to the overall

burden of disease in Australia (1). It has been shown to increase the

risk of a range of health conditions including diabetes, cardiovascu-

lar disease, musculoskeletal disease, disability, sleep apnoea, and

mortality (2-4). The Australian Health Survey in 2011/12 found that

overweight and obesity is still on the rise in adults, with a preva-

lence of 62.8% in 2011/12 compared to 61.2% in 2007/08 (5). How-

ever, little is known about the rates of weight change in the Austra-

lian adult population, or how they vary across the population. Such

information can indicate how the prevalence of obesity and associ-

ated health burden will develop into the future.

Assessment of obesity in the population has commonly relied on the

measures of body mass index (BMI). Waist circumference (WC)

provides a complementary measure of excess bodyweight. Less

attention, however, has been paid to how the WC of the population

has tracked over time. In US adults, the population increases in WC

have been greater than one would expect from the observed

increases in BMI (6). Similar findings have been reported in Swed-

ish, Finnish, German, and Scottish studies (7-10). This likely repre-

sents an increase in the proportion of obesity that is abdominal.

Abdominal adiposity is strongly associated with obesity-related com-

plications. It has been found to be associated with accelerated ather-

osclerosis independent of BMI in men with no prior atherosclerotic

disease (11). It has been suggested to be more strongly associated
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with metabolic and cardiovascular problems compared to total adi-

posity (12,13), even in people within the normal range of BMI (14).

Consequently, current estimates of population trends in BMI may

underestimate the burden of disease by not taking into account those

who are obese according to WC.

The Australian Diabetes, Obesity, and Lifestyle (AusDiab) study pro-

vides an opportunity for contemporary analysis of recent weight and

WC change for Australian adults. Using this cohort, we aimed to: (i)

describe the changes in the prevalence of overweight and obesity, and

absolute and percent changes in weight and WC over a period of 12

years between 1999/2000 and 2011/12; and (ii) examine the incidence

of obesity in an Australian adult population as determined by BMI

and WC over a period of 12 years between 1999/2000 and 2011/12.

Methods
The Australian Diabetes, Obesity, and Lifestyle (AusDiab) study meth-

ods and response rates have been described elsewhere (15). In brief, a

stratified cluster sample of 11,247 adults aged �25 years was drawn

from 42 randomly selected census collector districts across Australia in

1999/2000. More than 85% of this population-based sample was from

an Australian, New Zealand, or British background. Information was

collected using a household interview, followed by a biomedical exam-

ination (15). Among those who completed a biomedical examination,

4,614 participants (44.6%) completed follow-up in 2011/12. Ten par-

ticipants were missing anthropometric measures and were therefore

excluded from the analysis. Compared to those who completed follow-

up, those who did not were older, had a higher BMI and larger WC at

baseline, were less likely to live in a major city, more likely to live in a

socioeconomically disadvantaged area, and less likely to have a high

level of education (Appendix, Supporting Information).

Height was measured to the nearest 0.5 cm without shoes using a sta-

diometer. Weight was measured without shoes and excess clothing to

the nearest 0.1 kg using a digital weighing scale. BMI (kg/m2) was

calculated and categorized as: (i) normal BMI: 18.5–24.9 kg/m2; (ii)

overweight BMI: 25–29.9 kg/m2; and (iii) obese BMI: �30 kg/m2. In

all, 34 participants were classified as underweight (BMI, <18.5 kg/

m2). Owing to the small number (<1%), underweight participants

were combined with the normal BMI group. WC was measured at the

point midway between the iliac crest and the costal margin and the

mean of two measures was calculated. WC was categorized as: (i) low

risk: <94 cm for men, <80 cm for women; (ii) moderate risk: 94–

101.9 cm for men, 80–87.9 cm for women; and (iii) high risk: waist

�102 cm for men, �88 cm for women (16).

Area-level socioeconomic position was measured using an aggregate

measure of individual level data known as the Index of Relative

Socioeconomic Disadvantage (IRSD). The IRSD is a component of

the Socioeconomic Indexes for Areas (SEIFA) which characterizes

the general socioeconomic position of census collection districts in

Australia (17). It was developed by the Australian Bureau of Statis-

tics to create a summary measure from a group of 20 variables

(related to education, income, employment, family composition,

housing benefits, car ownership, ethnicity, English language profi-

ciency, and residential overcrowding) that display dimensions of

social disadvantage (17). For these analyses, IRSD scores were

based on the 2001 census, and the data were divided into population

quintiles with the lowest quintile (1st) representing the most socioe-

conomically disadvantaged and the highest quintile (5th) representing

the most socioeconomically advantaged.

The Accessibility/Remoteness Index of Australia (ARIA) was devel-

oped in 1999 as a method to define a remoteness or accessibility

value for every location in Australia. It is calculated based on the

road distance measurements from more than 12,000 populated local-

ities to the nearest Service Centres in five size categories (major

cities, inner regional, outer regional, remote, and very remote) based

on the population size.

Educational attainment was obtained through interviewer administered

questionnaire and categorized as: (i) low: secondary school qualifica-

tion or lower; (ii) middle: attained trade or technician’s certificate,

associate or undergraduate diploma, or nursing or teaching qualifica-

tion; (iii) high: attained a bachelor degree or postgraduate diploma.

Statistical analysis
All statistical analyses were based on the 4,457 participants who

returned to follow-up in 2011/12 and had complete data available.

Analyses were stratified by age, sex, baseline BMI, baseline WC,

ARIA, IRSD, and level of education. Obesity was defined in three

ways: (i) based on BMI �30 kg/m2; (ii) based on WC (�102 cm for

men and �88 cm for women); and (iii) based on BMI or WC com-

bined (BMI �30 kg/m2 or waist �102 cm for men and �88 cm for

women). Incident cases of obesity were defined as participants who

were not obese at baseline but were obese at follow-up in 2011/12.

Age- and sex-adjusted proportion of incident obesity for each stra-

tum was estimated using logistic regression.

Change in weight was calculated as weight in 2011/12 minus weight

at baseline. Similarly, change in WC was calculated as WC in 2011/

12 minus WC at baseline. Percent change in weight was calculated

as change in weight divided by weight at baseline, and similarly for

WC. Age- and sex-adjusted mean 12-year change in weight or WC

and mean percent change in weight or WC over 12 years were esti-

mated for each stratum using linear regression.

Change in the prevalence of normal weight, overweight, and obese

between baseline and follow-up in 2011/12 was described by 10-

year age groups and stratified by sex. Bodyweight categories were

defined by BMI and WC combined as summarized in Table 1.

Results
The mean baseline age of those who attended follow-up was 49 years.

In total, 45.1% were men and around 40% of attendees were in the

normal weight category both according to BMI and WC (Table 2).

TABLE 1 Bodyweight categories according to both BMI and
WC

BMI category WC category

Normal Normal and Low risk

Overweight Overweight and Low or moderate risk

Normal or overweight and Moderate risk

Obese Obese or High risk

BMI categories: normal, 18.5–24.9 kg/m2; overweight, 25–29.9 kg/m2; obese: �30
kg/m2

WC categories: low risk:, <94 cm for men, <80 for women; moderate risk: 94–
101.9 for men, 80–87.9 for women; high risk: �102 for men, �88 for women.
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When using BMI or WC to define obesity, the prevalence of obesity

at baseline was 32.0% (Table 3). The mean change in weight over

12 years was 2.7 kg and the mean change in WC was 5.3 cm.

Change in weight and change in WC both decreased with age. How-

ever, although people aged 65 years and over typically lost, rather

than gained, weight over 12 years, they still gained WC. Change in

weight was similar for men and women though change in waist was

higher in women. Change in waist was similar across each baseline

BMI category, whereas change in weight was highest for those who

were normal weight at baseline and lowest for those who were

obese. In general, weight gain was greater for those with a lower

socioeconomic position (live in more remote and more socioeco-

nomically disadvantaged areas, and have a lower level of education).

A similar pattern was observed with change in WC although some

inconsistencies were observed according to the individual measures

of socioeconomic position. Percent change in weight and waist gen-

erally showed a similar pattern to absolute change in weight and

waist, with the exception of percentage change in weight by sex

where women had a higher percent increase in weight than men

(Table 3).

The incidence of obesity over 12 years was 15.0% when defined by

BMI, 31.8% when defined by WC, and 32.1% when defined by

BMI or WC (Table 4). Incidence of obesity by BMI decreased with

age and higher educational attainment, and was higher for those

who live further away from regional cities and for those who reside

in more disadvantaged areas. There was no difference in incidence

by sex. When defining incident obesity by WC, some different pat-

terns were observed. Incidence of obesity by WC increased with age

up to the age of 54–65 years when incidence declined. Incidence

was higher for women than for men and for those with a lower edu-

cational attainment. Incidence was generally higher for those from a

lower socioeconomic position (Table 4). The pattern for incidence

of obesity was similar when obesity was defined by WC only and

by WC and BMI combined.

Owing to the substantial proportion of individuals who had a high risk

WC but were not obese according to BMI, we examined the implica-

tion of the 12-year changes on prevalence of weight status based on a

combination of WC and BMI (Figures 1 and 2). At baseline, 33% of

the total population was normal weight according to both their BMI

and WC. By 2012, <22% were normal weight. Over 12 years, the per-

centage of the population that was obese according to their BMI or

WC increased from 32 to 49% (data not shown).

Discussion
In this 12-year follow-up of a national population-based cohort of

Australian adults, incidence of obesity was 15% when measured by

BMI and almost one-third when measured by WC. Consequently,

less than a quarter of the cohort remained in the normal bodyweight

category according to both their BMI and their WC by 2012. The

pattern of incidence of obesity across subgroups in the population

varied depending on the method used to define obesity. Incidence of

obesity was higher in women than in men when defined by WC, but

did not differ by sex when defined by BMI. The pattern of change

in weight and WC over 12 years also differed, such that people

aged 65 years and over tended to lose weight but gain WC. Higher

incidence of obesity was observed with increasing level of remote-

ness (defined by ARIA) and increasing area-level socioeconomic

disadvantage (defined by IRSD) when obesity was defined by BMI,

but not when obesity was defined by WC.

The average annual weight gain in this cohort over a 12-year period

was 0.20 kg for men and 0.24 kg for women, and the average

annual increase in WC was 0.36 and 0.52 cm for men and women,

respectively. In two select populations of Australian adults, the aver-

age weight was previously reported to increase by 0.4–0.9 kg per

year (18-20). The discrepancy with our findings may be attributable

to several factors. Neither of the previous studies were contemporary

Australian general populations, with one examining a cohort of

women with young children, a population known to be at particular

TABLE 2 Characteristics of the study population at baseline

Men Women Total

N 2,009 2,448 4,457

Age (years) 49.5 6 11.4 48.5 6 11.2 49.0 6 11.3

Weight (kg) 82.6 (75.0--92.0) 67.4 (60.0--77.3) 75.1 (64.8--85.8)

BMI (kg/m2) 26.6 (24.3--29.1) 25.2 (22.5--29.0) 26.0 (23.4--29.1)

WC (cm) 95.8 (89.3--103.4) 82.3 (74.3--91.1) 89.2 (79.5--98.5)

BMI categoriesa

Normal 619 (30.8) 1,175 (48.0) 1,794 (40.3)

Overweight 1,001 (49.8) 778 (31.8) 1,779 (39.9)

Obese 389 (19.4) 495 (20.2) 884 (19.8)

WC categoriesb

Low risk 844 (42.0) 1,061 (43.3) 1,905 (42.7)

Moderate risk 587 (29.2) 605 (24.7) 1,192 (26.7)

High risk 578 (28.8) 782 (31.9) 1,360 (30.5)

ARIA
Major cities 925 (45.9) 1,108 (45.3) 2,031 (45.6)

Inner regional 534 (26.6) 645 (26.4) 1,179 (26.5)

Outer regional 501 (24.9) 624 (25.5) 1,125 (25.2)

Remote/Very
remote

51 (2.5) 71 (2.9) 122 (2.7)

Quintiles of IRSD
1st (most
disadvantaged)

255 (12.7) 304 (12.4) 559 (12.5)

2nd 369 (18.4) 465 (19.0) 834 (18.7)

3rd 303 (15.1) 384 (15.7) 687 (15.4)

4th 447 (22.3) 523 (21.4) 970 (21.8)

5th (least
disadvantaged)

635 (31.6) 772 (31.5) 1,407 (31.6)

Educationc

Low 505 (25.1) 972 (39.7) 1,477 (33.1)

Middle 985 (49.0) 976 (39.9) 1,961 (44.0)

High 519 (25.8) 500 (20.4) 1,019 (22.9)

Data are n (%), mean 6 SD, or median (Iinterquartile range).
aBMI categories: normal, 18.5--24.9 kg/m2; overweight, 25--29.9 kg/m2; obese:
�30 kg/m2.
bWC categories: low risk:, <94 cm for men, <80 for women; moderate risk:
94–101.9 for men, 80–87.9 for women; high risk: �102 for men, �88 for women.
cEducation: (i) low: secondary school qualification or lower; (ii) middle: attained
trade or technician’s certificate, associate or undergraduate diploma, or nursing or
teaching qualification; (iii) high: attained a bachelor degree or post-graduate
diploma.
Abbreviations: ARIA, Accessibility/Remoteness Index of Australia; IRSD, Index of
Relative Socioeconomic Disadvantage.
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risk of weight gain (19), and the other examining participants of the

Melbourne Collaborative Cohort Study (MCCS) (18), a cohort study

beginning in the early 1990s which purposely over-sampled southern

European migrants. Furthermore, the age profile of the AusDiab popu-

lation differed from MCCS, with a baseline age range of 25–85 and

40–69 years, respectively. This may impact the overall amount of

TABLE 3 Change in weight and WC over 12 years

Obesea at

baseline (%)

Change in weight

(kg) mean (95% CI)

Change in weight

(%) mean (95% CI)

Change in waist

(cm) mean (95% CI)

Change in waist (%)

mean (95% CI)

All 32.0 2.7 (2.4, 2.9) 3.7 (3.5, 4.0) 5.3 (5.1, 5.6) 6.4 (6.1, 6.6)

Age (years)
25–34 20.1 6.7 (6.1, 7.4) 9.4 (8.6, 10.2) 6.6 (5.9, 7.3) 8.1 (7.3, 8.9)

35–44 24.5 4.7 (4.3, 5.1) 6.5 (6.0, 7.0) 6.4 (6.0, 6.8) 7.7 (7.2, 8.2)

45–54 33.0 2.7 (2.3, 3.0) 3.7 (3.2, 4.1) 5.7 (5.3, 6.1) 6.7 (6.2, 7.1)

55–64 40.5 0.4 (20.1, 0.8) 0.7 (0.1, 1.2) 4.1 (3.6, 4.6) 4.8 (4.2, 5.3)

65–74 43.5 22.0 (22.7, 21.3) 22.4 (23.3, 21.5) 2.8 (2.1, 3.6) 3.4 (2.5, 4.3)

�75 43.9 24.5 (26.3, 22.7) 26.0 (28.3, 23.7) 0.8 (21.2, 2.7) 1.1 (21.2, 3.3)

P < 0.001

Sex
Men 30.6 2.4 (2.1, 2.7) 2.9 (2.6, 3.3) 4.3 (4.0, 4.7) 4.6 (4.2, 5.0)

Women 33.2 2.9 (2.6, 3.1) 4.4 (4.0, 4.7) 6.2 (5.9, 6.5) 7.8 (7.4, 8.1)

P 5 0.07

BMI at baselineb

Normal 1.8 2.9 (2.6, 3.2) 4.7 (4.3, 5.1) 5.2 (4.9, 5.6) 6.9 (6.5, 7.3)

Overweight 28.7 2.6 (2.3, 2.9) 3.4 (3.0, 3.8) 5.5 (5.1, 5.8) 6.3 (5.9, 6.7)

Obese 100.0 2.2 (1.8, 2.7) 2.4 (1.8, 3.0) 5.4 (4.9, 5.9) 5.3 (4.8, 5.9)

P < 0.001

WC at baselinec

Low risk 0.3 2.9 (2.6, 3.2) 4.6 (4.2, 5.0) 6.1 (5.8, 6.4) 8.0 (7.6, 8.4)

Moderate risk 5.2 2.6 (2.2, 3.0) 3.4 (2.9, 3.9) 5.1 (4.7, 5.6) 5.9 (5.4, 6.3)

High risk 100.0 2.4 (2.0, 2.8) 2.7 (2.3, 3.2) 4.5 (4.1, 4.9) 4.5 (4.0, 4.9)

P < 0.001

ARIA
Major cities 29.1 2.5 (2.2, 2.8) 3.6 (3.2, 4.0) 5.7 (5.4, 6.1) 6.9 (6.5, 7.3)

Inner regional 32.5 2.5 (2.1, 2.9) 3.5 (3.0, 4.0) 5.2 (4.8, 5.7) 6.2 (5.7, 6.7)

Outer regional 36.4 3.0 (2.6, 3.4) 4.2 (3.6, 4.7) 4.6 (4.1, 5.0) 5.4 (4.9, 6.0)

Remote/Vvery remote 36.1 3.0 (1.8, 4.2) 4.0 (2.5, 5.6) 6.8 (5.5, 8.2) 7.8 (6.2, 9.3)

P < 0.001

IRSD
1st Quintile 39.2 3.0 (2.4, 3.6) 4.1 (3.4, 4.9) 5.6 (5.0, 6.2) 6.4 (5.7, 7.2)

2nd Quintile 36.6 2.9 (2.5, 3.4) 4.0 (3.4, 4.6) 5.1 (4.6, 5.6) 6.0 (5.4, 6.6)

3rd Quintile 35.2 2.3 (1.8, 2.8) 3.3 (2.6, 3.9) 5.0 (4.4, 5.6) 5.9 (5.3, 6.6)

4th Quintile 31.2 2.9 (2.5, 3.3) 4.2 (3.6,4.7) 4.9 (4.4, 5.4) 5.8 (5.3, 6.4)

5th Quintile 25.4 2.3 (2.0, 2.7) 3.3 (2.9, 3.8) 5.8 (5.5, 6.2) 7.1 (6.6, 7.6)

P < 0.001

Education
Low 36.0 2.9 (2.5, 3.2) 4.0 (3.5, 4.4) 5.5 (5.1, 5.9) 6.5 (6.0, 6.9)

Middle 32.4 2.9 (2.6, 3.2) 4.0 (3.6, 4.4) 5.6 (5.3, 6.0) 6.7 (6.3, 7.0)

High 25.5 1.9 (1.5, 2.4) 2.8 (2.3, 3.4) 4.5 (4.1, 5.0) 5.6 (5.1, 6.1)

P < 0.001

aObesity defined by: BMI �30 kg/m2 or WC �102 for men and �88 for women.
bBMI categories: normal, 18.5–24.9 kg/m2; overweight, 25–29.9 kg/m2; obese: �30 kg/m2.
cWC categories: low risk:, <94cm for men, <80 for women; moderate risk: 94–101.9 for men, 80–87.9 for women; high risk: �102 for men, �88 for women.
Analyses according to age group were sex adjusted and analyses according to sex were age adjusted. All other analyses were age and sex adjusted.
Abbreviations: ARIA, Accessibility/Remoteness Index of Australia; CI, confidence interval; IRSD, Index of Relative Socioeconomic Disadvantage. P-value was calculated
using v2-test.
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weight gain observed as older people tend to lose weight rather than

gain weight. To the best of our knowledge, there has been no previous

examination of the average annual increase in WC in Australia.

Similar patterns for weight gain by age, sex, and baseline BMI

have been reported by other studies (18,21). In AusDiab, ARIA,

IRSD, and education level were used as surrogate markers of socio-

economic positioning. Although we found no clear dose–response

relationship with any of these markers, weight gain tended to be

greater for those with a lower socioeconomic position. Change in

WC over time according to socio-demographic factors has not been

previously examined in Australia though a similar trend in WC by

age and level of education has been reported in the United States

(22).

The incidence of obesity in this study was double when defined by

WC compared to when defined by BMI. This may be explained by

differences in the patterns of weight and WC change. Older people

tended to lose weight while still gaining WC. This suggests that in

this age group, there was loss in muscle mass (23) (driving weight

TABLE 4 Incidence of obesity over 12 years

Incidence of obesity by BMI

(95% CI)

Incidence of obesity by WC

(95% CI)

Incidence of obesity by BMI or

WC (95% CI)

All 15.0 (13.8, 16.2) 31.8 (30.2, 33.5) 32.1 (30.5, 33.8)

Age (years)
25–34 19.8 (15.8, 23.8) 27.2 (22.7, 31.8) 29.5 (24.8, 34.3)

35–44 15.6 (13.3, 17.9) 30.3 (27.3, 33.2) 30.1 (27.1, 33.1)

45–54 15.2 (13.2, 17.3) 33.5 (30.6, 36.3) 33.8 (30.8, 36.7)

55–64 13.4 (10.9, 16.0) 34.6 (30.6, 38.5) 34.5 (30.5, 38.5)

65–74 11.2 (7.6, 14.8) 33.0 (26.7, 39.3) 32.5 (26.2, 38.8)

�75 6.1 (20.6, 12.8) 23.6 (9.3, 37.8) 22.1 (7.7, 36.5)

Sex
Men 14.9 (13.2, 16.6) 27.7 (25.4, 30.0) 28.1 (25.8, 30.5)

Women 15.1 (13.5, 16.7) 35.4 (33.1, 37.7) 35.1 (33.1, 37.8)

BMI at baselinea

Normal 1.5 (1.0, 2.0) 15.2 (13.6, 16.8) 15.3 (13.7, 16.9)

Overweight 31.2 (28.9, 33.4) 54.5 (51.8, 57.2) 57.4 (54.7, 60.1)

Obese N/A 79.0 (69.6, 88.3) N/A

WC at baselineb

Low risk 3.9 (3.0, 4.7) 14.6 (13.0, 16.1) 15.3 (13.7, 16.9)

Moderate risk 22.3 (19.9, 24.8) 59.9 (57.1, 62.7) 60.9 (58.1, 63.8)

High risk 45.6 (41.4, 49.8) N/A N/A

ARIA
Major cities 14.0 (12.3, 15.7) 31.7 (29.3, 34.0) 32.0 (29.6, 34.4)

Inner regional 15.9 (13.6, 18.2) 33.7 (30.5, 37.0) 34.6 (31.3, 37.9)

Outer regional 15.6 (13.2, 18.0) 29.7 (26.3, 33.0) 29.3 (26.0, 32.6)

Remote/very remote 18.2 (10.4, 25.9) 35.9 (25.5, 46.4) 34.4 (23.9, 44.8)

IRSD
1st Quintile 19.0 (15.2, 22.7) 31.9 (27.0, 36.8) 32.6 (27.6, 37.6)

2nd Quintile 17.3 (14.4, 20.2) 33.6 (29.7, 37.6) 33.2 (29.2, 37.2)

3rd Quintile 13.8 (10.8, 16.7) 33.2 (28.9, 37.5) 32.5 (28.1, 36.8)

4th Quintile 15.9 (13.3, 18.4) 32.1 (28.6, 35.6) 32.9 (29.3, 36.5)

5th Quintile 12.3 (10.4, 14.1) 30.2 (27.4, 32.9) 30.7 (28.0, 33.5)

Education
Low 16.5 (14.3, 18.7) 35.2 (32.1, 38.2) 35.6 (32.5, 38.7)

Middle 15.8 (14.0, 17.6) 32.6 (30.1, 35.1) 33.1 (30.5, 35.6)

High 11.8 (9.7, 13.9) 26.2 (23.1, 29.3) 26.0 (22.8, 29.1)

Incidence presented as percentage over a 12-year period
aBMI categories: normal, 18.5–24.9 kg/m2; overweight, 25–29.9 kg/m2; obese: �30 kg/m2.
bWC categories: low risk:, <94 cm for men, <80 for women; moderate risk: 94–101.9 for men, 80–87.9 for women; high risk: �102 for men, �88 for women.
Analyses according to age group were sex adjusted and analyses according to sex were age adjusted. All other analyses were age and sex adjusted.
Abbreviations: ARIA, Accessibility/Remoteness Index of Australia; CI, confidence interval; IRSD, Index of Relative Socioeconomic Disadvantage; N/A, not applicable.

Obesity Weight and Waist Change, and Incident Obesity Tanamas et al.

1542 Obesity | VOLUME 22 | NUMBER 6 | JUNE 2014 www.obesityjournal.org



loss), accompanied by an increase in fat mass (driving WC

increase). Furthermore, women gained more WC than men although

no difference in absolute weight gain was observed. This may be

linked to a change in fat distribution that commonly occurs after

menopause in women (24), which may not necessarily be accompa-

nied by an increase in bodyweight. We found that the magnitude of

the incidence of obesity was largely similar when obesity was

defined by a combination of BMI and WC and when it was defined

by WC only. This is not surprising as the majority of participants

with a BMI in the obese range also had a high risk WC although a

significant proportion with a high risk WC had BMI in the normal

and overweight range (Appendix, Supporting Information). This dis-

cordance between WC and BMI has been poorly described by others

in the literature (25-27). One Australian study found that 6.5% of

men and 22% of women aged 18–65 years with acceptable BMI

(<25 kg/m2) had excessive WC (�94 cm for men and �80 cm for

women) (25). Data from the China Health and Nutrition Survey

reported 7.6 and 13.5% of individuals with BMI <23 kg/m2 had

central obesity (WC �90 cm for men and �80 cm for women) in

1993 and 2009, respectively (27).

There is some evidence to suggest that BMI and WC have been

tracking differently over the past few decades. WC in a few popula-

tions has been described as continuing to increase despite an appa-

rent plateau in BMI trends. In US adults, population WC has

increased between 1988–1994 and 2005–2006 above and beyond the

increases observed in BMI (22). Similar findings were reported in

Scottish adults between 1998 and 2008 (7). In Finnish adults,

increases in BMI had slowed in men and remained stable in women,

whereas increases in WC continued between 1987 and 2002 (8).

Thus, if population monitoring of obesity was done using BMI

alone, it would appear that the burden of obesity is improving

Figure 1 Prevalence of normal weight, overweight, and obese at baseline and 2011/12 categorized by BMI and
WC according to baseline age in men.

Figure 2 Prevalence of normal weight, overweight, and obese at baseline and 2011/12 categorized by BMI and
WC according to baseline age in women.
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despite a continuing upward trend in abdominal obesity (as indicated

by WC). The findings that incidence of obesity was greatly

increased when defined by WC compared to when defined by BMI

may also have implications for estimates of the burden of obesity.

WC cut-points were originally derived from a regression curve that

identified WC values associated with BMI of �25 kg/m2 and �30

kg/m2 in 1995 (16). These cut-points were designed to be used as

an alternative to BMI to identify those in need of weight manage-

ment. Often, health reports focus on those with a BMI of �30 kg/

m2, which may represent only a subset of individuals who are obese.

In AusDiab, as many as 40% of individuals at baseline with a BMI

of <30 kg/m2 had a high-risk WC. The Australian Health Survey in

2011/12 reported that 35.5% of adults aged 18 years and over were

normal weight, 35.3% were overweight, and 27.5% were obese

according to their BMI (5). Similar numbers with obesity according

to BMI were observed in AusDiab in 2011/12 (27.3%). By compari-

son, according to BMI and WC combined, the proportion of the

AusDiab population in 2011/12 who were normal, overweight, and

obese was 21.1, 30.1, and 48.8%, respectively. It is uncertain

whether the health risk profile differs for individuals with a non-

obese BMI but a high-risk WC, those with an obese BMI but a

non–high-risk WC, and those with both an obese BMI and a high-

risk WC. One study found higher risk of incident hypertension in

people with a high WC but a normal BMI (27), whereas another

showed an increased risk of mortality with increasing WC within all

BMI categories (28). To the best of our knowledge, no study has

examined individuals with an obese BMI but low-risk WC, which

may be owing to a low prevalence of people who fall within this

category.

It is widely recognized that BMI as a measure of obesity has its limita-

tions as it makes no differentiation between the contribution of fat and

the muscle mass to overall bodyweight. WC, although harder to mea-

sure accurately, is accepted as a better indicator of adiposity, particu-

larly central adiposity which is associated with a higher risk of meta-

bolic diseases (29,30). Clinical guidelines released by the National

Heart, Lung, and Blood Institute in the United States in 1998 recog-

nized that WC should be measured in conjunction with BMI, particu-

larly in those with a BMI of <35 kg/m2, as there will be a number of

people with BMI of <25 kg/m2 who, despite their low BMI, will have

disproportional abdominal fat which increases their cardiovascular

risk (31). Similar recommendations were made in 2006, 2010, and

2013 by the Canadian Clinical Practice Guidelines, the Scottish Inter-

collegiate Guidelines Network, and the National Health and Medical

Research Council in Australia, respectively (32-34). Thus, at least in

clinical practice for the management of overweight and obesity, the

value of measuring WC in addition to BMI appears to be well

accepted. These recommendations should be extended for use in the

assessments of trends of obesity in the population and the burden of

disease associated with excess adiposity.

A potential limitation to our study is its generalizability owing to

modest response rates. At baseline, 55.3% of eligible individuals

participated in the physical examination. In 2011/12, 44.6% of eligi-

ble participants completed the follow-up. Respondents to the 2011/

12 follow-up were younger and had lower baseline BMI and WC.

Our findings suggest that these were the individuals who gained

more weight and WC. This may have led to an overestimation of

the average change in weight and WC of the population, and poten-

tially influenced our total population estimates of the incidence of

obesity. Nevertheless, the obesity prevalence estimate derived from

the cohort in 2012 was very similar to that reported by the Austra-

lian Health Survey in 2012 (5). Our study population was also pre-

dominantly Anglo-Celtic, thus it is uncertain whether our findings

would hold in other ethnic populations. The strengths of our study

include a long follow-up period and a contemporary, population-

based cohort, with objective measures for height, weight, and WC.

The AusDiab study provided an opportunity to assess the changes in

weight and WC in a contemporary Australian adult cohort over a

period of 12 years. Overall, we found an average annual weight gain

of 0.20 kg for men and 0.24 kg for women. Although these increases

may appear small, over time they accumulate to a significant amount

of weight gain. We additionally found that the incidence of obesity

was twice as high when determined by WC compared to BMI. Less

than 22% of the cohort remained in the normal bodyweight category

according to both BMI and WC by 2012. Often reports on trends and

burden of obesity focus on BMI measures. Our findings indicate that

this may lead to an underestimation of the problem and we suggest

that the measures of WC should be incorporated more frequently as a

complementary assessment of obesity.O
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