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Abstract

This article describes measures of abdominal
obesity—waist circumference, waist-to-hip ratio,
and waist-to-height ratio—within body mass index
(BMI) categories, using data from two population-
based health surveys. Among normal-weight
men, the percentages at increased/high health
risk based on these three measures were not
statistically different in 2007-2009 than in 1981.
By contrast, among normal-weight women,
increases were observed in the percentage at
increased/high health risk based on each of the
three measures. The percentage of overweight
men at increased/high risk based on waist
circumference rose from 49% in 1981 to 62%

in 2007-2009, and among overweight women,
the percentage at increased/high risk rose for
each of the three measures (64% to 93% for
waist circumference, 22% to 51% for waist-to-hip
ratio, and 68% to 87% for waist-to-height ratio).
Although substantial percentages of men and
women in obese class | were at increased/high
health risk based on abdominal obesity measures
in 1981, by 2007-2009, almost everyone in this
BMI category was at increased/high risk.
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ody mass index (BMI), a measure of weight
in relation to height, is the most widely used
indicator of obesity. A BMI-based system*= has long
been employed to classify adults in categories based on

health risk.

In Canada, the prevalence of overweight
and obesity is monitored according to this
system (Text Table 1). In recent decades,

Text Table 1
Body mass index (BMI) health risk
classification

Category BMI (kg/m?)  Health risk
Underweight Less than 18.5 Increased
Normal weight 18510249  Least
Overweight 25.0t029.9 Increased
Obese 30.0 or more

Obeseclass|  30.0t034.9  High

Obese class Il 35.0t039.9  Very high

Obese class Il 40.0 or more  Extremely high

the percentage of Canadian adults
classified as having excess weight based
on BMI has increased substantially.*
However, criticism of this
classification is that it provides no
information about the distribution of
body fat.! Evidence suggests that within
the normal, overweight and obese class |
categories, health risk rises with the level
of abdominal obesity.>® Consequently,
several organizations, including
Health Canada, have recommended

that a combination of BMI and waist
circumference be used to classify weight-
related health risk.*27

Recent research has found that, on
average, the waist circumference of
Canadian adults with a given BMI
value is now larger than in the past?
similar to findings for the United States.®
Therefore, it is important to measure and
monitor abdominal obesity within BMI
categories.

This article documents changes in
obesity indicators between 1981 and
2007-2009 in Canadians aged 20 to 69
years, based on measured data collected
in two population-based health surveys
(see The data). The primary objective
was to examine changes in abdominal
obesity within BMI categories, based on
waist circumference, waist-to-hip ratio,
and waist-to-height ratio.

Adiposity measures increase

Among men and women, all four
adiposity measures increased
significantly between 1981 and 2007-
2009 (Table 1). However, the pattern of
change differed by BMI category.
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Among men in the normal-weight
category, the means for the four adiposity
measures were not statistically different
at the two time points. By contrast, among
women in the normal-weight category,
mean BMI rose by 0.2 kg/m?, and waist
circumference, by 4 cm. Significant
increases were also observed for waist-
to-hip ratio and waist-to-height ratio.

Among those in the overweight
category, a significant increase in mean
BMI was observed for both sexes.
Increases in means for abdominal
obesity were particularly notable among
overweight women: 7 cm for waist
circumference; 0.05 for waist-to-hip
ratio; and 0.03 for waist-to-height ratio.
Among overweight men, the increases
were 2 cm for waist circumference and
0.01 for waist-to-hip ratio; the increase
for waist-to-height ratio did not attain
statistical significance.

Increases in abdominal obesity
measures tended to be greatest for people

The data

in the obese categories. For instance, the
increase in waist circumference was 11
cm among class 1I/IIl men, and 9 cm
among class 11/111 women.

Health risk categories

Health risk ratings for the obesity
indicators are presented in Table 2.
Ratings for the abdominal obesity
indicators are provided within the BMI
categories for normal weight, overweight
and obese class I. Rating are not presented
for obese class II/lll, because in both
1981 and 2007-2009, nearly all adults in
these categories were at increased/high
risk according to the abdominal obesity
indicators (data not shown).

Among normal-weight men, the
percentages at increased/high health risk
based on their waist circumference, waist-
to-hip ratio and waist-to-height ratio
were not statistically different in 2007-
2009 than in 1981. By contrast, among

normal-weight women, the percentage at
increased/high risk according to each of
these measures was approximately three
times higher in 2007-2009 than in 1981.
Based on their waist circumference, the
percentage of normal-weight women
at increased/high risk rose from 8% to
23%. The corresponding increases were
from 6% to 16% for waist-to-hip ratio,
and from 6% to 18% for waist-to-height
ratio.

In 2007-2009, 62% of overweight
men were at increased/high health risk
based on their waist circumference, up
from 49% in 1981; the percentage at high
risk rose from 8% to 20%. However,
the percentage of overweight men at
increased/high risk based on their waist-
to-hip ratio and waist-to-height ratio
was not different at the two time points.
Based on their waist circumference, 54%
of overweight women were at high risk
in 2007-2009, up from 17% in 1981.

Current estimates are from the 2007-2009 Canadian Health Measures Survey (CHMS),* which collected data at 15 sites across the country from March 2007
through February 2009. The survey covered the household population aged 6 to 79 years. Full-time members of the Canadian Forces and residents of Crown
lands, Indian reserves, institutions and certain remote regions were excluded. The sample represented approximately 96% of the population. In addition to a
questionnaire, the survey involved physical measures (including height, weight, waist circumference, and hip circumference) at a mobile examination centre.
The CHMS estimates in this article are based on 3,074 respondents aged 20 to 69 years. Of the households selected, the response rate was 69.6%. One or
two members of each responding household were chosen to participate: 87.6% of selected 20- to 69-year-olds completed the household questionnaire, and
83.6% of these respondents completed the physical examination. The overall combined response rate was 51.0%.

Historical estimates are based on the 1981 Canada Fitness Survey (CFS),** which collected data from a nationally representative sample of the population
between February and July 1981. The sample consisted of 13,500 households. The overall response rate for the physical measures component of the survey
was 49%. The CFS estimates in this article are based on 10,605 respondents aged 20 to 69 years.

Pregnant women were excluded from both data sources.

Each survey measured weight to the nearest 0.1 kg, and height, to the nearest 0.1 cm. Waist circumference was measured at the end of a normal expiration
to the nearest 0.1 cm at the mid-point between the last floating rib and the top of the iliac crest.'*** Hip circumference was measured at the level of the symphysis
pubis and the greatest gluteal protuberance.*?

Body mass index (BMI) was calculated as weight in kilograms divided by height in metres squared (kg/m?); waist-to-hip ratio as waist circumference in cm
divided by hip circumference in cm; and waist-to-height ratio as waist circumference in cm divided by height in cm.

Based on categories recommended by the World Health Organization,** Health Canada* and Obesity Canada,? respondents were divided into the six BMI-
based health risk categories (underweight, normal weight, overweight, and obese class I, Il and lll) and three categories based on waist circumference: low-risk
(men, 93.9 cm or less; women, 79.9 cm or less), increased-risk (men, 94.0 to 101.9 cm; women, 80.0 to 87.9 cm), and high-risk (men, 102.0 cm or more; women,
88.0 cm or more). In accordance with recommended cut-points, respondents were also classified as being at increased/high risk based on waist-to-hip ratio
(men 0.9 or more; women 0.85 or more)® and waist-to-height ratio (0.5 or more for both sexes).**

All'analyses were weighted to obtain estimates representative of the Canadian population. Estimates based on the CFS were age-standardized to the 2007-
2009 population to account for shifts in Canada’s age distribution during this period.

Statistical analyses were performed using SAS and SUDAAN software. Standard errors, coefficients of variation, and 95% confidence intervals for CHMS
estimates were calculated with the bootstrap technique.’® The number of degrees of freedom was specified as 11 to account for the CHMS sample design.*°
Estimates of sampling error for the CFS estimates were based on formulae for simple random sampling with the incorporation of a design effect of 1.5 to account
for the complex design of the survey. Significant differences between means and prevalence estimates across surveys were assessed using t-tests.
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Means for adiposity measures, by body mass index (BMI) category and sex, household population aged 20 to 69 years,

Canada, 1981 and 2007-2009

Total

Body mass index (kg/m?)
Waist circumference (cm)
Waist-to-hip ratio
Waist-to-height ratio

Normal weight (BMI 18.5 to 24.9 kg/m?)
Body mass index (kg/m?)

Waist circumference (cm)

Waist-to-hip ratio

Waist-to-height ratio

Overweight (BMI 25.0 to 29.9 kg/m?)
Body mass index (kg/m?)

Waist circumference (cm)
Waist-to-hip ratio

Waist-to-height ratio

Obese class | (BMI 30.0 to 34.9 kg/m?)
Body mass index (kg/m?)

Waist circumference (cm)

Waist-to-hip ratio

Waist-to-height ratio

Obese class I/l (BMI 35.0 kg/m? or more)
Body mass index (kg/m?)

Waist circumference (cm)

Waist-to-hip ratio

Waist-to-height ratio

* significantly different from 1981 (p<0.05)

Mean from to

Men
1981 2007-2009
95% 95%
confidence confidence
interval interval

Mean from to

255 253 256 276 272 280
89.4 889 899 959 946 973
090 0.0 0.90 0.93* 092 094
051 051 052 0.55* 0.54 055
227 226 228 229 226 231
822 818 826 825 816 834
087 086 087 087 086 087
047 047 047 047 047 048
2711 2710 272 2715 212 217
93.8 933 942 96.1* 951 971
092 092 093 0.93* 093 094
054 054 054 055 054 055
315 313 317 32.00 317 323
104.2 103.3 105.2 108.0* 106.6 109.4
096 095 097 0.99* 098 1.00
0.60 0.60 0.61 0.62* 0.61 0.63
376 362 391 39.6* 385 407
1159 1123 1195 126.5% 1236 1294
097 095 1.00 1.03* 101 1.04
0.67 0.66 0.69 0.72* 070 074

Note: 1981 estimates were age-standardized to 2007-2009 population.
Sources: 1981 Canada Fitness Survey; 2007-2009 Canadian Health Measures Survey.

The percentage of overweight women at
increased/high risk based on their waist-
to-hip ratio more than doubled from 22%
to 51%, and the percentage at increased/
high risk based on their waist-to-height
ratio rose from 68% to 87%.

In 1981, 62% of men and 82% of
women in obese class | were classified
at high health risk based on their waist
circumference; by 2007-2009, the
percentages had risen to 84% and 94%,
respectively. Based on their waist-to-hip
ratio, the percentage of obese class | men
at increased/high risk rose from 90%
to 96%; among women, the figure rose
from 48% to 75%. At both time points,
virtually all men and women in obese
class | were classified at increased/high
risk based on their waist-to-height ratio.

Shifting distributions

Figure Lillustratesshiftsinthedistribution
of waist circumference measurements
toward the higher risk ranges among
people in the normal-weight, overweight
and obese class | categories. While the
distributions in 1981 and 2007-2009
among normal-weight men were virtually
the same, a shift among normal-weight
women meant that a higher percentage
of them had waist circumferences that
put them in the increased and high-risk
ranges. Among overweight people of
both sexes, there was a shift to larger
waist  circumferences, on average,
particularly among women. For men
and women in obese class I, most of
the waist circumference distribution fell

Women
1981 2007-2009
95% 95%
confidence confidence
interval interval

Mean from to Mean from to

241 239 244 26.8 260 276
76.3 758 76.8 86.9 847 89.1
0.77 0.77 0.78 0.83* 0.82 0.84
048 047 048 0.54* 052 055
219 218 220 22.1* 220 223
714 711 718 75.7% 748 T76.7
075 075 0.76 0.79* 0.78 0.80
044 044 045 0.46* 0.46 047
269 268 27.1 274+ 211 276
825 819 832 89.2¢ 88.1 90.4
080 0.79 0.80 0.85* 0.84 0.86
052 052 052 0.55* 054 0.56
320 318 323 322 319 325
935 920 950 100.7*  99.2 102.2
084 082 0.85 0.89* 0.87 0.90
059 058 0.60 0.62* 0.61 063
385 375 395 395 389 400
104.1 1015 106.7 113.5* 1122 114.8
085 0.80 0.89 089 0.88 089
066 0.64 0.67 0.71* 0.70 0.72

beyond the high-risk cut-point in 1981.
Nonetheless, there was a pronounced
shift to even larger waist circumferences,
on average, by 2007-20009.

Trends in the distributions for waist-
to-hip ratio and waist-to-height ratio
measurements within BMI categories
were similar (data not shown). As well,
the distribution of BMI values within
BMI categories shifted toward higher
values. For example, among normal
weight women, the percentage whose
BMI was at the high end of the category
(24 kg/m? or more) rose from 13% in
1981 to 21% in 2007-2009.
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Table 2
Percentage distribution of adiposity health risk variables, by sex and body mass index (BMI) category, household
population aged 20 to 69 years, Canada, 1981 and 2007-2009

Body mass index category

Total Normal Overweight Obese class 1
1981 2007-2009 1981 2007-2009 1981 2007-2009 1981 2007-2009
95% 95% 95% 95% 95% 95% 95% 95%
confidence confidence confidence confidence confidence confidence confidence confidence
interval interval interval interval interval interval interval interval

% from to % from to % from to % from to % from to % from to % from to % from to

Men

BMI category

Underweight 128 08 18 0.8 04 15

Normal 46.3 439 488 30.5* 25.5 36.0

Overweight 424 39.9 449 441 39.0 493

Obese class | 8.6 7.2 102 17.8* 146 215

Obese class Il or Il 158 10 22 6.9* 59 8.0

Waist circumference

health risk

Low 68.2 657 70.6 46.3* 416 511 970 954 981 937 893 964 515 474555 385% 314 46.0 F F
Increased 218 197 241 230 194 270 308 19 46 6.2% 35107 409 370450 414 355474 356 277 444 16.1* 87 279
High 10.0 85 118 30.7* 25.6 36.3 F F 7.6 57 102 202 153262 621 534702 839 7210913
Increased/High 31.8 294 343 53.7* 48.9 584 308 19 46 6.3% 3.6 10.7 485 445526 615 540686 977 954 989 100.0
Waist-to-hip ratio

health risk

Low 484 459 509 356* 31.7 397 713 677746 718 631791 309 276344 280 235329 104 6.4 166 F
Increased/High 51.6 49.1 541 64.4* 603 683 287 254323 282 209369 691 656724 720 671765 896 834936 96.3* 90.098.7
Waist-to-height ratio

health risk

Low 416 393 440 304* 26.0 352 765 73.079.7 797 752835 117 99 138 122 8.9 16.6 F F
Increased/High 584 56.0 60.7 69.6* 648 740 235 203270 203 165248 833 862901 878 834911 99.7 97.0100.0 100.0
Women

BMI category

Underweight 3.4 28 4.2 2.3 13 40

Normal 62.2 59.7 64.7 447 37.7 51.9

Overweight 248 226 272 28.9* 257 323

Obese class | 7.1 58 86 124* 10.0 154

Obese class Il or Il 24¢ 17 35 116 84 160

Waist circumference

health risk

Low 70.1 67.7 725 39.0 326 458 925 905941 77.2* 69.6 833 356 304 412 75% 42 133 F F

Increased 171 152 192 203 16.8 244 6.9 53 88 19.1* 136261 477 422532 384* 318455 14.0f 89 213 F
High 128 110 147 40.6* 345 470 F 38% 26 56 167 130212 541* 461618 816 732879 943* 852979
Increased/High 29.9 275323 61.0¢ 542 674 75 59 95 228* 167 304 644 588 69.6 925* 86.7 958 957 88.2 985 100.0
Waist-to-hip ratio

health risk

Low 864 844 882 60.4* 551656 945 926 959 84.2* 778 89.0 778 729821 48.9* 425553 522 420622 247 166 351
Increased/High 136 118 156  39.6* 34.4 449 55 41 74 158 110222 222 179271 511* 447575 478 378 580 75.3* 64.9 834
Waist-to-height ratio

health risk

Low 69.8 67.3 723 43.3* 37.6 491 937 917952 823* 775863 321 275372 13.0* 86 193 F F
Increased/High 30.2 27.7 327 56.7* 50.9 624 6.3 48 83 17.7* 137 225 679 628 725 87.0* 80.7 914 978 938992 975 80.0 99.7

* significantly different from 1981 (p<0.05)

E use with caution

F too unreliable to be published

... not applicable

Note: 1981 estimates were age-standardized to 2007-2009 population.

Sources: 1981 Canada Fitness Survey; 2007-2009 Canadian Health Measures Survey.
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Figure 1
Percentage distribution of waist circumference, by body mass index category (BMI), household population aged 20 to 69
years, Canada, 1981 and 2007-2009

Men Women
% BMI category o
8 8
7 Increased High risk 7 Increased High risk
6 6
5 Normal 5
4 (18.5t024.9kgim?) 4
3 3
2 / 2
1 \ 1
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Waist circumference (cm) Waist circumference (cm)
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8 8
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6 6
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3 3
2 2
1 1
0 ~rererrrreeeeee T T T T e e e e 0 - T T T T T T T T e rr T T T T
56 61 66 71 76 81 86 91 96 101 106 111 116 121 126 56 61 66 71 76 81 86 91 96 101 106 111 116 121 126
Waist circumference (cm) Waist circumference (cm)
% %
8 8
7 el High risk 7 Rcieaseg High risk
6 6
5 Obese class | 5
4 (30.0t0 34.9kg/m?) 4
3 3
2 2
1 1
0 - e O -~ e T T T T T T T T T T T e T
56 61 66 71 76 81 86 91 96 101 106 111 116 121 126 56 61 66 71 76 81 86 91 96 101 106 111 116 121 126
Waist circumference (cm) Waist circumference (cm)
— 1081
2007-2009
Note: 1981 estimates were age-standardized to 2007-2009 population.
Sources: 1981 Canada Fitness Survey; 2007-2009 Canadian Health Measures Survey.
Conclusion classification system and the Canadian

Current surveillance of obesity in Canada  clinical practice guidelines recommend
relies almost exclusively on BMI. This  that adults” waist circumference also
study reveals that abdominal obesity =~ De measured to assess obesity-related
within BMI Categories is increasing. As health risks .12 The results of this Study
a result, Canadians with a given BMI underscore the importance of measuring
are, on average, at h|gher risk of Obesity_ and monitoripg abdominal Obesity within
related health conditions than they were ~ BMI categories.

in 1981. The Canadian body weight
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