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ABSTRACT 23 

OBJECTIVE: Research studying population-level body mass index (BMI) trends document 24 

increases in mean or prevalence of overweight/obese but less consideration has been given to 25 

describing the changing distribution of BMI. The objective of this research was to perform a 26 

detailed analysis of changes in the BMI distribution in Canada. 27 

DESIGN: Using data from the CCHS (2000-2014), we analyzed distributional parameters of 28 

BMI for 492,886 adults aged 25–64 y. We further stratified these analyses for women and men, 29 

education level, and region of residence. 30 

RESULTS: Mean BMI has increased for most subgroups of the Canadian population. Mean BMI 31 

values were higher for men, while SD of the BMI distribution was systematically higher in 32 

women. Increases in mean BMI were accompanied with increases in standard deviation (SD) of 33 

BMI across cycles. Across survey cycles, the 95th percentile increased by more than 10-times the 34 

5th percentile, showing a very unequal change between extreme values in the BMI distribution 35 

over time. There was a relationship between SD with BMI, but these relations were generally not 36 

different between educational categories and regions. This suggests that the growing inter-37 

individual inequalities (i.e. dispersion) in BMI were not solely attributable to socioeconomic and 38 

demographic factors. 39 

CONCLUSIONS: This study supports the hypothesis that the simultaneous increase in mean 40 

BMI and SD of the BMI distribution are occurring and suggests the need to move beyond the 41 

mean-centric paradigm when studying a complex public health phenomena such as population 42 

change in BMI. 43 

Keywords: Body mass index, trends, education, sex, Canada  44 
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INTRODUCTION 45 

The worldwide increase in obesity and related chronic diseases is recognized to be driven in part 46 

by global trade liberalization, economic growth and rapid urbanization.1-3 These factors continue 47 

to influence important changes in living environments, diets and lifestyles in ways that promote 48 

positive energy balance.4 The rise in body mass index (BMI=kg/m2) is often reported in the 49 

research literature and in public health reporting as prevalence of specific BMI categories (e.g. 50 

overweight or obese) or as mean change5. For example, the increase of the average BMI has been 51 

0.5 kg/m2 per decade globally; this rate was shown to be faster in wealthier countries such as 52 

USA and Canada where the rate of increase in BMI was over 1 kg/m2 per decade.6 53 

Research studying BMI trends in developed countries suggest that along with increase in overall 54 

mean BMI, differential increases have occurred within sub-populations grouped by sex, race and 55 

socioeconomic status (SES).7 Some studies revealed a slight negative inflection of the BMI 56 

growth curve potentially due to a leveling-off of the rise in mean BMI within countries.8-10 57 

However, most of these studies do not take account of the changing shape of the BMI distribution 58 

with time, and assume that BMI increases at a proportional rate within all categories5. Few 59 

studies have examined whether inequalities in weight gain are occurring within social groups or 60 

specific segments of the population, which is a measure of inter-individual inequalities rather 61 

than between-group inequalities.11 An increasing body of work suggests that bringing a 62 

distributional perspective to BMI changes may reveal important information about population 63 

health12, 13 and may contribute to the discussion on the relative merits of the population strategy 64 

compared with the high-risk strategy.14 65 
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Motivated by this concern, Krishna et al.13 showed that increase in mean BMI in the US was 66 

correlated to the increase in the spread of the BMI distribution, suggesting that mean BMI cannot 67 

fully describe population changes in BMI. Moreover, they showed a similar increase in 68 

dispersion within socioeconomic and demographic groups, suggesting that growing inequalities 69 

in BMI at the population level are not driven solely by individual factors. A recent analysis came 70 

to similar conclusion in England.12 In Canada, weight categories were observed to evolve at 71 

different rate in the general adult population without taking into account individual determinants 72 

of obesity.10 Other Canadian studies showed significant geographic variations in BMI above 73 

individual determinants of obesity such as age, sex, education level and lifestyle indicators.15 74 

Detailed sociospatial description of the BMI distributional changes in Canada over time may 75 

contribute to prior reporting which often focused on point estimates (mean or prevalence), 76 

geographic variation, or a specific period, and for which the dispersion is rarely the focus.10, 15, 16 77 

This work will also allow comparison to BMI distributional changes observed in Canada versus 78 

other high income countries and among sub-groups of the population commonly associated with 79 

BMI.12, 13 80 

The objective of this research was to perform a detailed analysis in the BMI distribution changes 81 

in Canada by sex, education level and region of residence.  82 

METHODS  83 

Data sources 84 

Data were retrieved from the Canadian Community Health Survey (CCHS), a multiple cross-85 

sectional health survey performed by Statistics Canada since the year 2000. The CCHS provides 86 

self-reported information for a nationally representative sample of the non-institutionalized 87 
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civilian population 12 years and older in the 10 Canadian provinces, thereby excluding 88 

territories.17 Data collection for the first three cycles was every two years: cycle1.1(2000-2001), 89 

cycle 2.1(2003), cycle 3.1(2005). Samples were approximately 130,000 Canadian individuals per 90 

cycle. From the 4th cycle, the data collection was performed annually and included about 65,000 91 

individuals per year. To standardize data collection, the annual investigations have been grouped 92 

as follows: 2007-2008(cycle 4); 2009-2010(cycle 5); 2011-2012(cycle 6); 2013-2014(cycle 7). 93 

Study population and sample size 94 

We restricted the analyses on 25 to 64 years old in order to be consistent with previous work 95 

using distributional change in BMI12, 13. Moreover, because an artificial increase of BMI due to 96 

shrinkage in stature in older adults,18 the use of BMI may not be appropriate to compare older 97 

individuals with younger ones.19 We also excluded pregnant women, and individuals with 98 

missing data on key variables of interest such as sex, BMI value, those living in households 99 

where the highest education levels was not reported. We also excluded extreme BMI values that 100 

are often considered to be as extreme outliers or reporting errors (12<BMI>70= less than 1% 101 

observations)20. The 25-64y subsample represents 59% of the CCHS sample for all cycles. 102 

Exclusion criteria represent 8% of the subsample. CCHS sample weights were normalized to take 103 

account of the sample plan and the exclusion criteria21. The final sample included 492,886 104 

individuals (Table 1). 105 

Outcome 106 

The distribution of BMI was the outcome of interest. BMI is measured as a ratio of weight (kg) to 107 

the square of height (m). The 5th and 95th percentiles, and the standard deviation (SD) of the BMI 108 
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distribution were used as outcomes to study changes in the shape of the distribution over time 109 

relative to the median and the mean of BMI. 110 

Key independent variables 111 

Sex, age stratified into 5-y groups, and education level stratified into 4 categories based on 112 

number of years at school and diploma attainment.20 The “No diploma” category includes those 113 

who had been less than 12 years at school or more than 12 years at school but had no diploma. 114 

The ‘‘High school’’ category includes only those who successfully finished high school 115 

(secondary-5 diploma or 13th year completed). The ‘‘College’’ category includes all those who 116 

did some post-secondary, with or without a college diploma, including those who received a 117 

university certificate (e.g. one year at the university). Finally the ‘‘Graduate studies’’ category 118 

includes those with a baccalaureate diploma or higher. 119 

The BMI and SD distributions trends were also disaggregated by province. Since Canadian 120 

provinces greatly vary by population size, some of them were grouped into regions comparable to 121 

other Canadian studies describing spatial dispersion of BMI:15, 16 Saskatchewan and Manitoba 122 

was named the Prairie region, and Newfoundland, Prince-Edward-Island, New-Brunswick and 123 

Nova-Scotia are known as the Atlantic provinces. 124 

Graphical analysis of patterns in BMI distributional changes in time 125 

We used quantile-quantile (QQ) plots to examine patterns of distributional change in BMI.13, 22 A 126 

QQ plot was constructed by plotting percentiles of BMI from the most-recent survey (2013-2014) 127 

against percentiles of BMI from the baseline survey (2000-2001). If there was no change in 128 

distributions between the two survey cycles the points would lie on the line of the equality (y = 129 

x). Points above the line represented increases in BMI at the same percentile in the most recent 130 
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year from baseline. QQ plots are particularly effective in presenting changes at the tails of 131 

distributions.23 We constructed QQ plots separately for women and men. 132 

Analysis of BMI distribution trends 133 

CCHS data from 2000 to 2014 were pooled to allow for the comparison of distributional changes 134 

over time. We conducted analyses by sex, educational level and region of residence to 135 

disaggregate distributional changes within subgroups of the population. Stratifying by sex, we 136 

had two subgroups; stratifying by educational level and sex, we had eight subgroups; for the 137 

stratification by region and sex, we had 12 subgroups. 138 

To estimate the BMI distribution trends, ordinary least square (OLS) regressions were used for 139 

modelling the mean, the SD, and the BMI value at the 5th and 95th percentiles. For analyses on the 140 

entire sample, we adjusted BMI for age, sex and educational level. When stratifying by sex, by 141 

sex and educational level, or by sex and region, we adjusted only for age. CCHS sample weights 142 

were normalized for each subgroup analyses. Thus, each analysis was weighted according to the 143 

subsample population size. 144 

Analysis of the relation of distributional parameters of BMI 145 

To fully characterize the distributions trends, we further analyzed the relationship between 146 

centrality indicators of the BMI distributions (mean and median) predicting their dispersion 147 

indicators (SD, and 5th and 95th percentiles). Changes in mean BMI were related to the SD of 148 

BMI (spread of the distribution) and changes at the 5th and 95th percentiles of BMI (extremities or 149 

tails of the distribution) were related to the median (50th percentile). 150 
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In this study, we utilized standard deviation (SD) and percentiles of the BMI distribution as 151 

measures of inequality to assess the population level dispersion across individuals within groups. 152 

The theoretical framework of our study is based on what Murray and Gakidou defined as “health 153 

inequality”, which is variation in health status across individuals in a population24, 25. This 154 

approach aims to complete the measurement of social group inequalities by differences in mean 155 

values or the prevalence of health outcomes between social groups more frequently used11. 156 

Fitted OLS regression lines for changes in these distributional parameters over time were plotted 157 

for women and men as well as subgroups disaggregated by educational levels and the six 158 

Canadian regions. For all models, units of analysis were survey cycles (two-year groups; n= 7 159 

cycles). Model significance tests were conducted using t-tests; differences in changes between 160 

categories were tested using Wald tests. All analyses were performed using SAS 9.4. 161 

RESULTS 162 

Table 1 shows a distribution of the CCHS pooled sample for 2000–2014 surveys. The final 163 

sample comprised 492,886 Canadian adults proportionally distributed across age groups, 164 

education level categories and regions. 165 

 166 

  167 
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 168 

Table 1.  Distribution of pooled CCHS sample of adults aged 25-64 years old, 2000-2014  169 

Variable Women Men 
Sample size 242201,3 250684,7 
Proportion 49,1% 50,9% 
Age group 

  25-29 11,6% 12,2% 
30-34 11,4% 12,1% 
35-39 13,1% 13,1% 
40-44 14,6% 14,8% 
45-49 14,1% 13,7% 
50-54 13,7% 13,1% 
55-59 11,8% 11,7% 
60-64 9,7% 9,4% 
Education 

  No high school 11,3% 12,7% 
High school 18,0% 16,9% 
College 44,7% 44,6% 
Graduate studies 26,0% 25,7% 
Region 

  Atlantic 7,5% 7,2% 
Quebec 24,0% 24,0% 
Ontario 38,9% 38,4% 
Prairies 6,0% 6,2% 
Alberta 10,2% 10,9% 
British-Columbia 13,4% 13,2% 
Cycle 

  1 (2001-2002) 49,1% 50,9% 
2 (2003-2004) 48,9% 51,1% 
3 (2005-2006) 49,0% 51,0% 
4 (2007-2008) 49,5% 50,5% 
5 (2009-2010) 49,3% 50,7% 
6 (2011-2012) 48,9% 51,1% 
7 (2013-2014) 49,3% 50,7% 
 170 

 171 

 172 
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Graphical analysis of patterns of BMI distributional changes in Canada 173 

Comparing the BMI mean at multiple points in the distribution revealed that lower BMI 174 

subgroups of the population had very little change in the mean BMI, while the higher BMI 175 

subgroups showed a substantial increase (Figure 1). For both, women and men, we observed a 176 

similar pattern indicating a progressive augmentation in the mean BMI for subgroups of the 177 

population having a higher mean BMI at base-line. 178 
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 179 

Figure 1 - Evolution of the distribution of BMI for women and men in Canada, 2000-2014 180 

Analysis of BMI distribution trends in Canada 181 

Figure 2 shows the evolution of four distributional parameters of the BMI distribution for women 182 

and men: the mean BMI, its standard deviation (SD), the value at 5th and 95th percentile. These 183 

parameters were stratified by sex, by sex and education level, and by sex and the region of 184 

residence. Detailed results of the OLS parameter estimations are available in Supplement Table 1. 185 
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The mean, the SD and the value at 95th percentile significantly increased between 2000 and 2014 186 

(p<0.05), while the value at 5th percentile increased very slightly (p<0.10). The 95th percentile 187 

increased by 0.33 BMI/cycle which is more than 10 times than for the 5th percentile (0.029 188 

BMI/cycle). 189 

Stratification by sex – Mean BMI and SD increased significantly for women and men during the 190 

15 year period. The increase in the 5th percentile was significant only for men. The 95th percentile 191 

significantly increased for both, the increase was slightly higher for women (0.35 kg/m2 per cycle 192 

in women; 0.30 kg/m2 per cycle in men), but no significant differences was observed between 193 

women and men in the evolution of all four parameters. 194 

Stratification by sex and education level- We observed a significant increase in mean, SD and 195 

95th percentile of BMI for women in all education level categories. There was a marked and 196 

significant difference in the mean and the 95th percentile between educational levels, suggesting 197 

the BMI distribution evolves differently for women according to their education level. The 198 

increase in the 95th percentile was substantially less for women with graduate degrees versus all 199 

other groups. 200 

For men, although mean, SD and 95th percentile of the BMI distribution raised significantly for 201 

all educational groups, no statistical difference was observed between them. At the 5th percentile, 202 

the value of the SD tend to increase faster for men without high school degree than other 203 

educational categories (p-value < 0.10) and increased at the same pace than the mean (0.14 204 

BMI/cycle). 205 

Stratification by sex and region of residence- All four BMI distributional parameters increased 206 

significantly for all Canadian regions in women, except for British-Columbia (BC) where no 207 
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increase was observed on any of the distributional parameters over 15 years, and in Alberta 208 

where the value of the 5th percentile stayed about the same. Taken globally, the increase of the 209 

mean, 5th and 95th percentile were statistically different between regions. This regional variation 210 

was particularly spread for the mean and the 95th percentile suggesting that the change in the BMI 211 

distribution among women varies according to the region of residence. 212 

The mean, SD and 95th percentile also increased significantly for men in all Canadian regions. 213 

The increase at the 5th percentile was also significant for most regions, and only Ontario and 214 

Quebec showed a relative stable value during the study period. Although the between-region 215 

variation was less pronounced than for women, the increase of all the four distributional 216 

parameters was significantly different between the six Canadian regions. 217 

Taken globally, Figure 2 shows that BMI was consistently higher for men over the 15-year 218 

period, while the SD was systematically higher for women. The mean, SD and 95th percentile 219 

increased for all educational levels for both sexes. Changes in these three parameters were also 220 

observed in all Canadian regions, and where the increase in the 95th percentile was especially 221 

pronounced for both sexes.  222 
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Figure 2. Evolution of BMI distributional parameters in CCHS from 2000 to 2014 for women 223 

and men and by education level and region of residence. 224 

Relative changes in distributional variables of BMI 225 

Figure 3 shows the relation between dispersion indicators and centrality indicators of the BMI 226 

distribution, the relation between the SD and the mean BMI, and the relation between the 5th and 227 
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95th percentiles and the median BMI. Detailed results of the OLS parameter estimations are 228 

available in Supplement Table 2. 229 

Stratification by sex – An increase in mean BMI was significantly associated with an increase 230 

with the SD for both women and men. The value at the 5th percentile did not increase 231 

significantly in women. However, the 95th percentile was estimated to rise by 3.27 kg/m2 for an 232 

increase of 1 kg/m2 in the median. This is suggesting that an increase in the BMI median value is 233 

driving an increase over three times more important at the 95th percentile of the distribution. 234 

Since the BMI value at the 5th percentile did not change significantly, these observations 235 

demonstrate that this subgroup of the population saw a flattening of its BMI distribution. 236 

In men, there was a significant increase in the 5th percentile (0.52 kg/m2) as well as for the 95th 237 

percentile (2.75 kg/m2), suggesting that the distribution curve is simultaneously flattening and 238 

moving toward higher BMI values. 239 

Stratification by sex and education level- An increase in women’s mean BMI was associated in 240 

an increase of the SD in all educational categories, but no significant differences were observed 241 

between education levels. 242 

For men, we also observed that an increase of the mean BMI was associated with an increase in 243 

SD in all educational categories, but without significant difference between them. No significant 244 

relationship was observed between the 5th percentile and the median of the distribution except for 245 

to most educated men. This subgroup showed an increase of the 5th percentile that almost match 246 

the increase of the median (0.99 kg/m2), suggesting that the educated men BMI distribution is not 247 

flattening and is globally moving toward higher BMI values. 248 



15 
 

Stratification by sex and regions- The increase of the women’s mean BMI significantly resulted 249 

in an augmentation of the SD in all Canadian regions. The increase of the BMI dispersion was 250 

particularly important among BC women (1.11 kg/m2) as compare to other regions such as 251 

Quebec (0.48 kg/m2) or the Atlantic (0.65 kg/m2), resulting in a statistically significant difference 252 

in the SD-BMI relationship between regions (p=0.041). Most regions showed a positive 253 

relationship with an increase in the median BMI for the 95th percentiles, but no significant 254 

difference was observed between regions. 255 

For men, all associations with the SD with mean BMI showed a positive and significant 256 

relationship, but no significant difference was observed between regions. A similar relationship 257 

was observed between the 95th percentiles and the median, but again no significant difference 258 

was observed between regions. 259 
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Figure 3. BMI distributional variables association with centrality indicators for men and women, 260 

by education level and region of residence. 261 

DISCUSSION 262 

This study presents a detailed analysis of trends in BMI variation in Canada by sex, education 263 

level and province of residence, and has two main findings. First, the mean BMI increased over 264 

time at different pace according to the education level or the geographic location, and was 265 
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generally accompanied by an increase in dispersion (SD, 5th and 95th percentiles range). Second, 266 

most dispersion indicators were positively and significantly associated with centrality measures, 267 

but taken globally, these relationships were not statistically different between women and men, 268 

between education levels, and between Canadian regions. Finding an increase of the mean BMI 269 

during the last 15 years was expected. However, the fact that this BMI increase goes along with 270 

an increased dispersion which can actually predict the BMI increase, independently of sex, 271 

education and the geographical context, has never been clearly demonstrated in Canada. 272 

Previous population research linking individuals’ BMI with socioeconomic status (SES) in high-273 

income countries showed that individuals with lower SES, those with lower educational 274 

attainment or working in lower grade occupation, are more likely to have higher BMIs than 275 

individuals in higher-SES groups.7, 26, 27 Longitudinal studies showed that both adults and 276 

children of low SES are more likely to become obese than those in higher-SES groups, with 277 

more-pronounced differences in women.28, 29 Our findings are in concordance with those 278 

observations, but went slightly further by demonstrating that increase in BMI dispersion occurs in 279 

most sub-groups of the population independently of SES. 280 

Our results also support other studies suggesting the context where one lives could also have an 281 

influence on obesity indicators.10, 15, 16, 30 In effect, the evolution of all four distributional 282 

parameters, including the 5th percentile, vary significantly when the analyses are stratified by sex 283 

and regions. These differences are partly driven by the observations in BC where no significant 284 

trend was observed for women, and a much lower increase of the mean, SD and 95th percentile 285 

for men. Paradoxically, the BMI of BC men in the 5th percentile increased more importantly than 286 

other regions such as in Quebec or in Ontario. Underlying these specific sex-context trends 287 

scenarios, we further observed there was about no significant differences between subgroups of 288 
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the population in the relationship between distributional parameters and the centrality measures 289 

(mean and median). This is suggesting that the growing inter-individual inequalities (i.e. 290 

dispersion) in BMI were not solely attributable to demographic, socioeconomic and geographic 291 

factors in Canada. Said differently, the increasing BMI dispersion occurs in a similar way within 292 

all sub-groups of the population and everywhere in Canada. 293 

These observations confirm that the Canadian population is experiencing a similar phenomenon 294 

that what was recently observed in the USA31 and the UK.12 This systematic increase in 295 

dispersion suggests that other causes such as unmeasured genetic, physiologic, or social 296 

characteristics might be at work. The biological mechanism of fat distribution in the body differ 297 

between women and men and may partly explain why the BMI distribution is more variable in 298 

women.32 However, it is not clear if only the biological differences are involved in this variation 299 

since social perception concerning weight status may also vary by gender (i.e. social roles), and 300 

thus provide different daily opportunities and constraint regarding weight related behaviors. 301 

Other theories have been proposed and discussed to explain increasing dispersion at the 302 

individual level,33-35 and many suggest this may be the result of the interaction between the 303 

individuals’ genetic susceptibility and environment factors.36, 37 These new findings put forward 304 

several unanswered questions. Why the mean BMI evolves sometimes differently between men 305 

and women in the same region?38 Could this be linked to provincial policies, social norms, or 306 

local urban planning practices?39 Which underlying mechanisms are at play in the increasing 307 

dispersion we observed in all the population?40 Are there unmeasured genetic characteristics 308 

which make some individuals more vulnerable to some specific contextual characteristics?41 309 

Beside presenting trends in BMI change and variation, this study contributes to an increasing 310 

body of evidence that supports researchers and policy makers in moving away from a mean-311 
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centric paradigm40 when investigating important public health issues such as the obesity 312 

epidemic. A better understanding of the underlying variability mechanisms in space and time 313 

need to be considered in order to propose adapted interventions, rather than narrowing the 314 

observations on point estimates such as mean or prevalence14. 315 

The detailed analysis of trends in BMI variation in Canada had to deal with several challenges 316 

and comprises some limitations. The self-reported BMI increased the uncertainty of 317 

measurements, which may also differ between women and men. The correlation between 318 

measured and self-reported BMI in Canada was estimated at 0.8942, we assumed this bias was 319 

constant through the CCHS cycles, and we stratified analyses by sex to control for the gender 320 

effect. Merging many survey cycles may bring some systematic biases due to a modification in 321 

the sampling strategy or in the questionnaire. The large and consistent sample by cycle of the 322 

CCHS is a strength of this research and reduces potential biases that could be induces by 323 

methodological changes in time. We verified the BMI related questions were the same for all 324 

cycles and we make sure the educational level we comparable in time and between regions by 325 

creating the categories on the reported number of years at school and diploma attainment. The 326 

number of subgroups that were analysed and compared may have induced some ambiguity in the 327 

results. Nevertheless, we are confident the overall results strongly support our interpretation. 328 

 329 

CONCLUSION 330 

This study shows that the increase in mean BMI was associated with increased group and inter-331 

individual inequalities in weight gain in different social and demographic groups in. It 332 

contributed to the understanding of this complex causal web behind rising BMI, by highlighting 333 
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the evolution of the BMI distribution and variation between sex, education level and the region of 334 

residence. In turn, this leads to new relevant research questions that may help to address 335 

underlying social forces that drive the obesity epidemic in high-income countries. 336 

Although great effort were deployed to enhance healthy lifestyle and lower obesity rate in 337 

Canada, limited success was achieved during the last decade.16 Beside presenting trends in BMI 338 

change and variation, this study contributes to an increasing body of evidence that supports 339 

researchers and policy makers in moving away from a mean-centric paradigm when investigating 340 

important public health issues such as the obesity epidemic, and to also consider the variability of 341 

the phenomena in order to propose adapted intervention.  342 
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