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L 1NRODUCTION 

There is worldwide concern that obesity is reaching epidemic proportions. According to the World 

Health Organization (WHO), obesity is on the rise in all developing nations. Particularly troubling is 

the fast rate of growth of obesity among children and adolescents (Ball et al. 2003). The concern for 

obesity stems from the knowledge that an excess of body fat not only has negative effects on the 

health of individuals, but generates social costs by reducing labour productivity and increasing tax-

financed public spending. 

The relationship between obesity and health status is well documented (Gilmore 1999, Birmingham 

1999, Coleman 2001). For example, a study on mortality attributable to obesity and overweight in the 

European Union (EU) shows that 1 in 13 deaths in the EU are caused by excess weight (Benegas et 

al. 2003). Obese individuals are 3.3 times more likely to have high blood pressure and 4 times more 

likely to develop diabetes than individuals or normal weight. These studies have identified ten 

different diseases for which obesity was a known risk factor. Notable among these diseases are type 2 

diabetes, heart disease, endometrial cancer, hypertension and pulmonary embolism because they have 

a much higher incidence rate among the overweight. To measure the relationship between obesity and 

health status, the authors calculated the population attributable fraction (PAF) to measure what 

proportion of those who suffer from these diseases could have been spared from these diseases by 

maintaining a healthy weight. They estimated PAF values of 50.7% for type II diabetes, 31.6% for 

hypertension, 29.8% for pulmonary embolism and 26.6% for endometrial cancer. 

This increased incidence of various diseases attributed to obesity imposes substantial costs on society. 

First, in the publicly-funded health care system that we have in Canada, the obesity-related diseases 

raise the level of government spending on health care. This, in turn, raises the level of taxation and the 

potential distortions that may be generated by higher taxes. Second, individuals incur additional costs 

for the purchase of prescription drugs directly or indirectly through private insurance schemes. 

Finally, the higher incidence of diseases may affect productivity by raising the number of sick days 

claimed by workers and the number of workers on disability and by shortening life-spans. 
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In order to keep track of trends in obesity among the total population or selected groups, researchers 

have evaluated various approaches to its measurement. A widely used measure of obesity is the Body 

Mass Index (BMI), which is derived by dividing a person's weight in kilograms by that person's 

height in metres squared. According to the international standard, which has recently become 

accepted as the standard in Canada, a person is considered to be obese if he/she has a BMI value in 

excess of3O. In this paper, we will estimate the incidence of obesity in New Brunswick and Canada 

by developing measures that include both the rate of obesity and its intensity. 

The paper is organized as follows. Section 2 contains a review of the various approaches used to 

measure obesity. Section III discusses some of the empirical results found in the literature on obesity. 

Section IV describes the methodology and presents our results for New Brunswick and Canada. The 

final section contains some concluding comments. 

IL MEASURES OF OBESITY 

Obesity may be defined as an excess of fat stored in adipose tissue that causes adverse effects on the 

health and well being of an individual. It must be distinguished from "overweight" which identifies 

excess weight that has adverse health effects. While both have adverse effects on the health status of 

an individual, they differ both in terms of causes and effects. Obesity deals with the concentration of 

body fat while being overweight may be caused by a combination of excess body fat or/and an excess 

of non-fatty mass. While excess weight by itself affects primarily the health of the muscular-skeletal 

function, excess fat has a more pervasive negative effect on the health status. 

There is no consensus among experts on what body fat percentage (BF%) indicates obesity. The 

fitness industry often uses 30% body fat by weight as the upper limit of a healthy fat ratio. 

Recognition of gender differences has led to the selection of a cut-off BF% of25 for males and 30 for 

females. Epidemiologists determine these cut-off body fat ratios from population-based studies that 

correlate certain levels of body fat to certain rates of disease. 

3 



A variety of approaches have been used to measure body fat for the purpose of determining the 

incidence of obesity among a selected population. These approaches are separated into two major 

groups: (a) laboratory methods and (b) field methods. The difference between these two types of 

approaches is that field studies tend to involve a larger population and take place outside the 

researcher's laboratory. All these methods make assumptions about the composition of a person's 

body. The laboratory methods when employed alone use a two-compartment model, which assumes 

that the body is made up of a fat mass (FM) and a fat-free mass (FFM). The FFM has a fairly constant 

make-up across the population. The laboratory methods use this property to make estimates of the 

BF%. The field methods of assessing BF% generally employ anthropometric measures of the body 

like weight or skin-fold. 

A. Laboratory Methods 

Laboratory methods generally start with a measure of FFM and then make inferences about the level 

of FM. Three basic methods are used to assess body fat and they are based on the assumptions that 

the concentration of minerals and water in the body and the density of the FFM are fairly constant 

across all members of a population. 

The mineral content of the body is measured is measured by the dual energy X-ray absorptometry 

(DXA), a method that measures the bone mineral density and allows that size of the FFM to be 

calculated using established formulas. This relatively new technique, which was developed in the 

1980s   for the evaluation of esteoporosis, has recently been adapted to the measurement of body 

composition. This measure is the most precise of the two-compartment models, having a technical 

error of 1-3% depending on the manufacturer of the machine and the software used. 

Hydrometry measures total body water (TBW). The usual technique involves measuring an isotope 

marker, generally deuterium oxide, in a sample of blood taken from the subject. The concentration of 

the isotope, which can also be measured in the urine or saliva, allows the researcher to calculate the 
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total amount of water in the body. Since the amount of water in the body is fairly constant across the 

population, this method allows the estimation of FFM based on the general assumption of 73% water 

in the FFM. This method has a technical error in the range of 1-3%. 

Densitometry measures the volume of a subject by water displacement, underwater weighing or air 

replacement. Having measured both the weight and the volume of an individual, it is possible to 

measure the density. Since the density of the FFM and FM are fairly constant, researchers have 

formulated equations that can estimate the percentage of body fat from the body density. Technical 

errors with this method are low, generally not exceeding 1%. Higher errors may arise because this 

method requires assumptions about the air contained in the lungs and gut. Also, adjustments in the 

calculations may have to be made for different groups of people such as obese individuals, who store 

higher amounts of water, and older individuals, who may have lower bone density. 

Combined Techniques. While the above techniques are fairly accurate on their own, even greater 

accuracy can be obtained by combining more than one model into multi-compartment models. These 

more complex models separate the compartments of the two-compartment models discussed above 

into smaller components. This adjustment replaces some assumptions with estimated values. For 

example, using the DXA method requires explicit assumptions about TBW. One can remove this 

assumption, and potential errors associated with it, by replacing it with information derived from 

another measure. In this case, the estimation equation, which is used as the basis for predicting body 

fat, changes from Weight = FM + FFM to Weight = FM + TBW + dry FFM. 

The four-compartment model further removes these assumptions. Protein and minerals are assumed 

to be constant proportions of the FFM. These assumptions are replaced with estimates developed 

from other measures. The four-compartment model removes all assumptions and replaces them with 

estimates obtained from measurements. The degree of accuracy tends to increase as assumptions are 

replaced with estimates, but this again adds to the cost. 



B. Field Methods 

Unlike the laboratory methods, which measure a component of FFM or FM, the field methods 

measure a property of the body such as weight, electrical conductivity or electrical impedance. The 

underlying assumption is that some measurements of the body are highly correlated to the level of 

body fat. The most common of these methods are (a) skin-fold thickness, (b) bioelectrical impedance 

analysis (BIA), (c) waist circumference, and (d) weight to height indices. 

(a) Skin-fold thickness is an indirect method, which measures body fat by evaluating the thickness of 

a fold of skin under pre-determined pressure. The most common sites for this measurement are the 

sub-scapular region, triceps, biceps, and the supra-iliac region. This technique requires the presence of 

a trained and experienced observer to reduce potential measurement errors. Even so, this indirect 

method of measuring body fat is less accurate than the laboratory methods because it makes 

assumptions about the ratio of subcutaneous fat to total fat which do not apply uniformly to all 

members of the population, For example, obese individuals are notoriously difficult to measure 

because of the volume of fat under the skin. Also, the information obtained from different regions of 

the body is not necessarily consistent. Therefore, the predicted fat percentage obtained, for example 

from the triceps, may differ considerably from the predicted percentage from sub-scapular region. To 

correct for these differences, researchers commonly take measurements and combine them into a set 

of prediction equations such as those developed by Durnin and Wormsley (Forbes, 1987) by sex and 

selected age group. 

Bioelectrical impedance analysis (BIA) involves passing a small current through a part of the body 

and measuring the body's resistance. It is known that FFM conducts electricity well compared to FM 

which impedes the current. Different levels of impedance indicate different levels of fat in the body. 

This measure is similar to the two-component laboratory measures because it is based on the 

properties of FFM and FM. However, instead of measuring FFM and FM or some of their 

components, BIA makes inferences about body fat from known properties of FFM and FM. The 



predictive power of BIA can be enhanced by adding anthropometric measures, such as upper arm 

circumference. 

Waist circumference (WC) is another anthropometric measure, like skin-fold thickness, that allows 

an assessment of an individual's risk of morbidity and mortality. The waist is measured at the widest 

part and gives an indication of total body fat and distribution. The distribution of fat deposits is 

important because visceral fat, which is located in the abdomen, has a stronger association with 

disease than does subcutaneous fat. As WC tends to be highly correlated with morbidity and 

mortality because it measures the amount of visceral fat, its measures are often supplemented by other 

anthropometric measures in order to improve prediction power. 

Weight to height indices measure body composition by relating body mass to height. This 

relationship is generally based on a ratio which has weight at the numerator and height, in its actual 

measure or raised to some power, at the denominator. Researchers have found that the measure 

(expressed in metric units) which is best correlated with adiposity while being little correlated with 

height is the ratio of the weight (in kilograms) to the height squared (in metres). This ratio is called 

the Body Mass Index (BMI) and has become the most widely used measure of obesity. According to 

this measure, for example, an individual 1.8 metres tall (approximately 6 feet) weighing 85 kg 

(approximately 190 pounds) would have a BMI of 26.2. 

The popularity of the BMI as a measure of obesity is largely due to the relative ease of measurement. 

The tools for measuring weight and height are relatively inexpensive and the measurement itself 

requires no special training. The ease of measurement allows the collection of large amounts of data 

at minimum cost. The non-intrusive nature of this measurement also encourages participation in 

surveys. Since the BMI is the measure that will be used in this paper to compare obesity trends in 

Canada and New Brunswick, a more detailed discussion of its advantages and shortcomings is left for 

a separate section. The rest of this section discusses briefly the pros and cons of the other measures. 
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C. Evaluation of Various Measures 

All the measurement methods discussed in this section have advantages and disadvantages. These 

methods fall into four major categories: cost, ease of measurement, precision of estimates, and 

palatability to the subject. These pros and cons are briefly discussed below. 

The major limitation of laboratory measures is the requirement that they can be carried out only in a 

laboratory setting. With the exception of hydrometry, all the techniques in the category require large 

pieces of equipment that are costly and not portable. Hydrometry is not portable itself, but the 

collection of the sample is. In addition to the high cost, the lack of portability requires that the subject 

being measured must come to the researcher and undergo intrusive procedure. The intrusive nature of 

the measurement combines with the lack of portability in reducing the willingness of individuals to 

participate in laboratory studies aimed at the measurement of obesity, thus weakening their usefttlness 

for policy purposes. 

The field techniques have the advantage of low cost, portability and, in the case of the BMI, self-

assessment. However, they offer less precision. The major shortcoming of these techniques is that the 

things they measure are not as constant across the population as the things that are measured by the 

laboratory techniques. For example, the measurement of skin-fold thickness may be affected a 

person's muscle structure. An individual may have large arms where you "can't pinch an inch", but 

large amounts of deep cavity fat which cannot be detected by this technique. The classic pear shape 

used to describe a man's body comes from a male's tendency to deposit fat in the midsection. 

However, not all men deposit fat in this manner. A similar situation applies to women. As they reach 

menopause, the level of estrogen falls and the level of testosterone increases, leading to more fat 

being deposited in the midsection. The bioelectric impedance test may be thrown off by things like a 

very large muscle mass or dehydration. 



ifi. THE BODY MASS INDEX (BMI) 

A. Elements of the BMI 

The BMI is the most commonly used measure of obesity primarily because it is not intrusive, requires 

minimum data inputs, and can be self-assessed. The only information required to calculate the BMI is 

a person's weight and height. The formula for calculating BMI simply involves the ratio of weight (in 

kilograms) to the squared value of height (in metres). 

The relationship between weight and height incorporated into the BMI calculation does not provide 

any direct information on obesity. In order to determine whether a person of certain height is obese or 

not, we need to select a cut-off value of the BMI. 

Table Ill-i. BMI Cut-offs 
BMI Range I 	Classification I 	 Implication 

Old Canadian Standard (1988-2002) 
Less than 20 Underweight May be associated with some health 

problems 
20.0 to 24.9 Acceptable Weight Good weight for most people 
25.0 to 27.0 Some Excess Weight May lead to some health problems 
Over 27.0 Overweight Increasing risk of developing health 

problems 
International Standard and New Canadian Standard 

Less than 18.5 Underweight Low risk of co-morbidities 
18.6 to 24.9 Normal Range Average risk of co-morbidities 
25.0 to 29.9 Overweight Increased risk of co-morbidities 
30.0 to 34.9 Obese class I Moderate risk of co-morbidities 
35.0 to 40. Obese class II Severe risk of co-morbidities 
Over 40.0 Obese class III Very severe risk of co-morbidities 

The cut-offs for the BMI are based on epidemiological data that allow an examination of the 

relationship between BMI values and the incidence of selected diseases. Many countries have 

developed their own cut-offs based on country-specific data. In Canada, for example, an expert 

committee formed by Health and Welfare Canada developed a Canadian standard in 1988 based on 

the epidemiological information available at that time. This standard was used up to 2002, but has 
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now been replaced by a new standard based on more recent data. This new standard is very similar to 

that developed by the World Health Organization (WHO) and uses the same cut-offs. The WHO's 

international standard was developed in order to provide a standard for comparisons among different 

countries. Table 111.1 shows both sets of cut-offs. 

B. Measurement Issues 

This particular formula for the indirect measurement of body fat was first proposed by LA. Qetelet in 

1871. This formula has been compared to other competing indices that are based on the same 

measurements (height and weight). The evaluation was based on criteria such as sensitivity, 

specificity, and predictive power. Sensitivity is defined as the probability of categorising positive 

result as positive; in this situation obesity is a positive result. Specificity is defined as the probability 

of categorizing a negative result as negative; in this example being of the non-obese category is a 

negative. Positive predictive power is the rate of subjects who are a positive result and who were 

identified as such, this is also the inverse of the sensitivity equation. A number of studies have 

evaluated the validity of using BMI at various cut-offs to determine "overweight" and obesity. Some 

studies found that the sensitivity of BMI is quite low, especially when compared to that of a 

laboratory measure such as DXA or TBW. For example, Piers et el (2000) found an average 

sensitivity of 50%, meaning that only 50% of obese individuals would be classified as such by the 

BMI standard. However, these authors also found significant correlation between BMII and BF%. 

Some studies found that the BMI tends to do better at identifying male obese individuals than their 

female counterparts (Hortobagyi et al. 1993). This difference in sensitivity may result from 

differences in the composition of the FFM between males and females. The low level of sensitivity at 

the individual level does not necessarily weaken the usefulness of BIvH as a form of diagnostic 

instrument. Some studies (Wellborn et al 2000) have found that BMI is an appropriate measure of 

leanness and obesity based on criteria for predicting disease rather than adiposity. Since the major 

concern with obesity is its link to a number of diseases, the relationship between BMI and morbidity 

may be more important than its relationship to body fat. 
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Despite its popularity as a measure of obesity, BMI is plagued by a variety of measurement problems 

and interpretation issues. The feature of the BMI which makes it the most convenient technique for 

measuring body composition, namely, ease of self-assessment and self-reporting, also introduces 

potential large biases. Studies (Giacchi et at. 1998) have found that in general people tend to under-

report their weight and over-report their height. Moreover, it seems that this bias is not constant 

among countries and, within a given country; it differs by age, sex, socio-economic status and body 

composition. For example, females tend to under-report their weight to a larger degree than males, 

with adolescent females doing the most under-reporting. Males, on the other hand, tend to 

overestimate their height more than females. In the case of adults, under-reporting of weight become 

more likely as individuals become older or more overweight. A related measurement issue is the 

difference in reporting between children and adults. In self-assessment surveys, the required 

information on height and weight is reported by the subject in the case of adults and by somebody 

else, usually a parent, in the case of children. Because in these surveys there is no check on whether 

the reported information is based on actual measurements or just guesses, the tendency seems to be 

for the existence of large biases in the case of children. 

Researchers have tried to develop various options for addressing these problems. One way is to by-

pass the self-reporting approach and collect the necessary data through surveys based on actual 

measurements by the researcher. Although this approach increases the accuracy of the collected 

information, it is more intmsive and more costly. Therefore, such surveys can be carried out only 

occasionally, thus reducing their usefulness for timely policy analysis and formulation. An alternative 

is to start with self-reporting surveys and then make adjustments to the results using correction 

techniques based on known biases. For example, the full self-reporting sample may be supplemented 

by a small sample where the measurement is made by the researcher. The average measured BMI 

divided by the average self-reported BMI for the sub-sample can then be used as the correction factor 

for the whole sample. Unfortunately, it has been found that the bias in the self-reported BMI is not 

highly correlated with the self-reported BMI. This implies that the prediction equations will not 

account fully for the bias in the self-reported data. Plankey et al (1997) tested several prediction 
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equations and found no significant difference between the sensitivity and specificity of the predicted 

and self-reported BMI. 

Another major source of measurement error is the change in body composition for different age 

groups. The BMI is used to make inferences about obesity from a relationship between height and 

weight based on a "standard" body structure, which is representative of the age group between 19 

and 64. It is known, however, that the rate of muscle loss accelerates after the age of 64. As a result, 

the ratio of fat to lean mass rises after that age and the BMI will underestimate the obesity for a given 

weight and height. Similarly, those under the age of 19 do not have the fully developed muscle mass 

of an adult and will have higher fat levels than would be predicted by the BMII. The opposite error 

will occur in the case of individuals with large or athletic body build because their body structure 

contains less fat for a given weight than the "standard" case. The BMI also contains errors based on 

ethnic characteristics. For example, Gallagher (1996) found that the BMI is more accurate in 

predicting the rate of obesity among Caucasians, whose body composition provided the foundation 

for the development of the index, than for the African-American population (overestimation of fat) 

and the Asian population (underestimation). 

The BMI also has some shortcomings as an indicator of potential health risks, partly because the 

effects of obesity on health status are neither immediate nor readily detectable. For example, some 

children may be overweight for a short period of time while they grow and this temporary condition 

may have no effect on their future health. Even children who are normally overweight or obese may 

not show adverse health effects until later in life when they may no longer be overweight. At the other 

end of the age spectrum, older people suffer from illnesses caused by a variety of factors and it may 

be difficult to determine which of these illnesses have been caused or aggravated by excess fat in the 

body. 

This paper focuses on the way the BMI and its cut-offs are used to determine obesity rates. We argue 

in this paper that the obesity rate so measured tends to underestimate the potential health risks from 

obesity because it ignores the information that is contained in the full distribution of those with BMI 
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values in excess of3O. We also argue that this information should be incorporated in our estimation of 

obesity rates and propose a method for doing so. 

C. A Proposed Adjustment 

We propose an adjustment to the rate of obesity that incorporates the increased risk associated with 

increased values of the BMI above the first obesity threshold. We treat obese class I as generating a 

basic risk level measured by the index "one". We then assign different values to this risk level for the 

other two classes of obesity. The adjustment factor is then derived as the weighted average of these 

risk indices where the weights are the shares of the population that fall in each of three categories of 

obesity. The risk adjustment factor R can be expressed as: 

R 	WO1 

Where W1  is the weight associated with obesity class i, and Oi is the corresponding risk index. 

The adjusted obesity rate AOR is simply calculated as: 

AOR = (E WO1) OR 

Where OR is the percentage of the population with BMI in excess of the first threshold. 

It is evident from expressions (1) and (2) that the unadjusted OR is based on the assumption that 

health risks remain constant as BMI values rise above the first obesity threshold because, in this 

Case, R takes the value of one since all Oi also have a value of one. 

The determination of the 0, values requires detailed knowledge of the relationship between 

obesity and morbidity risks. Lacking precise information on this relationship, we confine our 

13 



analysis to two hypothetical cases and we apply it to Canada and New Brunswick to determine 

whether this type of adjustment affects the comparison between the two populations. 

In the first case we assume that the health risk is proportional to the ratio of the lower threshold in the 

top two obesity classes to that of the first class. Specifically, we use the following values for O: 01 

1.00, 02 = 1.17, and 03 = 1.33. In the second case we assumed a non-linear relationship by assigning 

the risk index 1.34 to 02 and 2.00 to 03. The risk indices and the associated adjustment factor are 

shown in Table 111-2. 

Table 111-2. Assumed Health Risk Factors 
Health Risk and Obesity 

Proportional 	Non-Proportional 
01 	 1.00 	 1.00 

02 	 1.17 	 1.34 

03 	 1.33 	 2.00 

IV. DATA AND RESULTS 

The prevalence estimates calculated in this study were obtained from two national surveys. The public 

use version National Population Health Survey (NPHS) was used for the 1994, 1996 and 1998 cycles. 

The public use version of the Canadian Community Health Survey (CCHS) was used for the year 

2000 since it has replaced the NPHS as the national health survey. The public use versions are cross 

sectional in nature and have had the identity of the respondents hidden to protect their privacy, which 

removes the ability to track the individuals from year to year. The 1994 and 1998 cycles include 

17,624 and 17,244 respondents respectively. The 1996 cycle included an additional 66,123 

respondents for a provincial buy-in for a total of 81,804 respondents. The CCHS has a much larger 

sample size of 130,000 and an additional 30,000 for provincial buy-ins. The CCHS also differs from 

the NPHS in that it includes regional breakdowns of the respondents, which will allow more detailed 

study in the future. For New Brunswick, there were 1111, 1032 and 1073 respondents in the 1994, 

1996 and 1998 NPHS cycles respectively and 4996 respondents in the CCHS survey. 
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Before presenting our results it may be useftil to discuss the results of previous studies on the 

incidence of obesity in Canada. 

A. Review of Previous Studies 

Macdonald et al. (1997) used the CHHS to examine the incidence of obesity among Canadians 18-74 

years of age and its relationship to heart disease based on the old Canadian definition of overweight. 

They found a rate of overweight of 35% for males and 27% for females. They also found higher rates 

of abdominal obesity, as measured by waist circumference, among men who participated in the study. 

The results of this study cannot be compared with those of other studies because of the inclusion of 

people older than 64 who have higher BMT values for equal weights than younger individuals. 

Cairney et al. (1997) used self-reported data from the 1994 NHPS to examine the relationship 

between socio-demographic factors and body weight using the old Canadian standard. They also 

examined the change in obesity rates from 1978 to 1994. For 1994, they found rates of overweight of 

3 5.2% for males and 25.8% for females. They did not find a clear trend in overweight rates over the 

1978-94 period. Rates of overweight increased from 1978 and then declined from 1990 on. The 

authors also found that estimates of rates of overweight based on self-reported data were about 10% 

lower than those derived from measured data. 

Gilmore (1999) examined the incidence of obesity in Canada and the associated risk of diseases using 

the 1996-97 NPHS and the international standard. He found that, for the country as a whole and the 

combination of males and females, the incidence of overweight was 34% and the incidence of obesity 

was 12%. He also derived estimates by province. He found that New Brunswick had the highest rate 

of both overweight (60%) and obesity (20%), followed closely by Nova Scotia and Saskatchewan. 

Torrance et al. (2002) examined the trends in obesity and overweight from 1970 to 1992 based on 

data from the NCS, CHS and CHHS for individuals in the age range 20-69 using the international 
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standard. With respect to overweight, they found an increasing trend for males over the entire period, 

with overweight rates rising from 3 8.9% in 1970-72 to 43.6% in 1978-79 and 44.6% in 1986-92; for 

females, the overweight rate was lower than males, it increased from 2 1.2% in 1970-72 to 27.4% in 

1978-79 and then decreased to 25.2% in 1986-92. In the case of obesity, the authors found a steady 

upward trend over the entire sample period for both males and females. Over the above three sub-

periods, the obesity rate for males increased from 8.1% to 12% and finally to 13.4%; for males, the 

obesity rate increased from 12.7%, to 14.9% and finally 15.4%. 

Tremblay et al. (2002) examined the trend in obesity and overweight over the period from 1981 to 

1996 separately for children in the age range 7-13 and adults in the age range 20-64. Their estimates 

are based on data from the CFS for 1981 and from the 1996-97 NPHS and the NLSCY for 1996. 

They used the international standard for adults and for children developed by Cole et al. (2000). 

These authors found that the rate of overweight increased between 1981 and 1996 from 48% to 57% 

for men and from 30% to 35% for women. More dramatic increases were found for the rate of 

obesity: it increased from 9% to 14% for males and from 8% to 12% for females. Even larger 

increases in obesity were found in the case of children as the obesity rate rose from 2% to 10% for 

boys and from 2% to 9% for girls. These trends detected in this study, however, may be difficult to 

interpret because of the use of different databases. For example, the authors found that the CFS for 

1981 had a significantly lower participation of obese participants than surveys from the same period 

that did not have a fitness component. The estimates for 1981, therefore, are likely to have a 

downward bias. Moreover, the CFS used measured data while the NPHS and the NLSCY used self-

reported data. 

Katmarzyk (2002) estimated the time trend in weight, height and obesity in Canada from 1953 to 

1998. The study utilized eight national surveys, not all based on the same coverage and methodology, 

to track the change in height and body mass over thus 45-year period. He found that the median 

height of a Canadian male increased by 1.4cm per decade and the median height of a female increased 

by 1.1cm per decade. During the same period, for each decade the median body mass increased by 

1.9kg per metre squared of height for males and by 0.8kg for females. Using the international 
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standard, Katzmaryk found that the incidence of overweight increased from 40% in 1970-72 to 

50.7% in 1998 while the incidence of obesity increased from 9.7% to 14.9% during the same period. 

In interpreting these trends it should be emphasized that this study suffers from the same 

shortcomings of the Tremblay et al. study because it also contains a comparison of measured and self-

reported data. Table IV-1 summarizes these studies. 

Table IV-1. Summary of Estimates of the Incidence of Overweight and Obesity in Canadian 
Adult Pooulation 

Author Years Survey Results 
Covered  

Macdonald et al. 1992 CHHS Overweight: Males 35%, females 27% 
(1997)*  
Carney (1997)* 1194 NPHS Overweight: Males 35.2%, females 

25.8% 
Gilmore (1999) 1197 NPHS Males and females combined: 

34% Overweight, 12% obese 
Torrance et al. (2002) 1970,1978, CHS, CHHS, Overweight: males 38.9% to 44.6% 

1992 CFS, NPHS Females 2 1.2% to 25.2% 
Obese: Males 8% to 13.4% 
Females 12.7% to 15.4% 

Tremblay et al. (2002) 1981-1996 CFS, NPHS, Overweight: males 48% to 57% 
NLSCY Females 30% to 35% 

Obese: males 9% to 14% 
Females 8% to 12% 

Katzmaryk (2002) 1970, 1978, CHS, CHHS, Males and females combined 
198 1,1992, CFS, NPHS Overweight 40% to 50.7% 
1994, 1996, Obese 9.7% to 14.9% 

1 1998 	1 
Note: * indicates the use of the old Canadian standard; the other studies use the international 
standard. 

B. Our Results 

Our estimates of the adjusted and unadjusted obesity rates for Canada and New Bmnswick are shown 

in table IV-2. The information contained in this table suggests that making an adjustment to the 

obesity rate for the intensity of obesity affects the conclusions about the trends on obesity and the 

comparison between Canada and New Brunswick. 
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Table IV-2. Adjusted and Unadjusted Obesity Rates in Canada and New Brunswick: 1994, 1996, 
1998 and 2000 

Canada   New Brunswick  

1994 1996 1998 2000 1994 1996 11998 2000 
Unadjusted 13.2 12.2 14.5 14.9 18.7 19.8 121.2 20.7 
Change: 1994 
to 2000  

1.7 2.0 

%Change: 
1994 to 2000  

12.9% 10.7% 

N.B. minus 
Canada  

5.5 7.6 6.7 5.8 

N.B./Canada  1.42 1.62 1.46 1.39 
Adjusted 13.8 13.5 15.8 
Proportional  

16.3 19.2 21.8 23.2 24.1 

Change: 1994 
to 2000  

2.5 4.9 

%change: 
1994 to 2000  

18.1 25.5 

N.B. minus 
Canada  

5.4 8.3 7.4 7.8 

N.B./Canada  1.39 1.61 1.47 1.48 
Adjusted non- 14.2 14.2 16.8 
proportionally  

17.3 19.8 23.4 24.6 25.8 

Change: 1994 
to 2000  

3.1 6.0 

%change: 
1994 to 2000  

21.8 30.3 

N.B. minus 
Canada  

5.6 9.2 7.8 9.5 

N.B./Canada  1.39 1.65 1.46 1.49 

Using the unadjusted rates would lead to the following conclusions. First, obesity rates are higher in 

New Brunswick than in Canada. Second, the obesity rate increased from 1994 to 2000 in both 

jurisdictions, steadily in New Brunswick and with a drop in Canada from 1994 to 1996. Third, the 

absolute increase in New Brunswick is higher than the national average in percentage points and 

lower in percent. As a result, the ratio of the unadjusted obesity rate in New Brunswick to that in 
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Canada was slightly lower in 2000 than in 1994. Still, it remains more than one-third higher than the 

national average. 

The adjusted obesity rates are derived by transforming the intensity of obesity into its equivalent 

change in obesity rates. Let us consider, for example the case where the unadjusted rate is 10% and 

the adjusted rate, under some assumptions about the relationship between obesity intensity and health 

risk, is 15%. This means that, for the population as a whole, the health risks associated with the 

people in obesity categories II and III are equivalent to the health risks associated with an increase in 

the proportion of people in obesity category I from 10% to 15%. 

As expected, when the increase in health risks is assumed to be proportional to the increase in the 

intensity of obesity, the adjustment factor is greater than one and the obesity rate increases. Of greater 

interest is the fact that the increase from 1994 to 2000 is higher under the adjusted rates and that the 

increase is much higher in New Brunswick than in Canada. For the former, the percentage change in 

the adjusted obesity rate is more than double that of the unadjusted rate. As a result, the small decline 

in the ratio of the unadjusted obesity in New Brunswick relative to the national average is transformed 

into a small increase. 

The differences between adjusted and unadjusted rates of obesity widen when the change in health 

risk is assumed to be non-proportional to the change in obesity intensity. In our example, there is no 

longer a decline in the Canadian obesity rate in 1996 and the increase in the adjusted obesity rate is 

substantially higher, especially in the case of New Brunswick where it amounts to three times the 

increase for the unadjusted rates. Moreover, the excess of the obesity rate in New Brunswick over the 

national average increases considerably rising from 39% in 1994 to 49% in 2000. 

V. CONCLUSION 

This paper presented a survey of various approaches to the measurement of obesity and a more 

detailed evaluation of the most commonly used approach, the Body Mass Index (BMI). It also 

provided a summary of the most recent study dedicated to the measurement of obesity in Canada. 
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The main contribution of the paper is the presentation of a suggested approach for adjusting the 

obesity rate to take into account the intensity of obesity. Using two examples of the relationship 

between increased obesity intensity and increased health risk, this paper shows that adjusting for 

obesity intensity alters the conclusions about trends in the incidence of obesity in both Canada and 

New Brunswick and the comparison between the two jurisdictions. In particular, it shows that the use 

of unadjusted obesity rates underestimates the increase in the obesity in New Brunswick relative to 

the national average from 1994 to 2000. 

The increase in both the rate and intensity of obesity in Canada, and especially New Brunswick, and 

the associated increase in health risks makes it imperative that more research be devoted to this area. 

In our view, research efforts should be focussed on four major areas. First, given the increased 

incidence of obesity among children and adolescents, it is necessary to understand how obesity at a 

young age affects health status throughout adulthood. Second, additional efforts should be made to 

develop low-cost but accurate measures of obesity. Third, we need a better understanding of the 

relationship between obesity intensity and health risks. Finally, we should use this new information to 

develop indices of obesity that incorporate both its incidence and its intensity. 
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