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    Abstract
Background: Metabolic syndrome refers to a constellation of conditions that increases a person’s risk of diabetes and cardiovascular disease. We describe the prevalence of metabolic syndrome and its components in relation to sociodemographic factors in the Canadian adult population.

Methods: We used data from cycle 1 of the Canadian Health Measures Survey, a cross-sectional survey of a representative sample of the population. We included data for respondents aged 18 years and older for whom fasting blood samples were available; pregnant women were excluded. We calculated weighted estimates of the prevalence of metabolic syndrome and its components in relation to age, sex, education level and income.

Results: The estimated prevalence of metabolic syndrome was 19.1%. Age was the strongest predictor of the syndrome: 6.5% of participants 18–39 years old had metabolic syndrome, as compared with 39.0% of those 70–79 years. Abdominal obesity was the most common component of the syndrome (35.0%) and was more prevalent among women than among men (40.0% v. 29.1%; p = 0.013). Men were more likely than women to have an elevated fasting glucose level (18.9% v. 13.6%; p = 0.025) and hypertriglyceridemia (29.0% v. 20.0%; p = 0.012). The prevalence of metabolic syndrome was higher among people in households with lower education and income levels.

Interpretation: About one in five Canadian adults had metabolic syndrome. People at increased risk were those in households with lower education and income levels. The burden of abdominal obesity, low HDL (high-density lipoprotein) cholesterol and hypertriglyceridemia among young people was especially of concern, because the risk of cardiovascular disease increases with age.


Chronic disease contributes significantly to morbidity and mortality in the Canadian population.1 As such, the economic costs are substantial. Metabolic syndrome refers to a constellation of conditions that approximately doubles a person’s risk of cardiovascular disease, independently of other risk factors.2–5 The cause of metabolic syndrome has not been fully elucidated; a summary of the current proposed mechanisms is discussed elsewhere.6
Several sets of criteria have been established for the detection of metabolic syndrome, many of which have been continually updated.6–8 The set of criteria most commonly used in the past was published in the third report of the National Cholesterol Education Program Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III criteria).9 Recently, the International Diabetes Federation, the American Heart Association, the National Heart, Lung, and Blood Institute, and other organizations collaborated to release a unified set of criteria.10
The Canadian Health Measures Survey, conducted in 2007–2009, was the first cross-sectional survey of a representative sample of Canadians that collected biological samples since the Canadian Heart Health Surveys about 20 years ago.11 We used data from the Canadian Health Measures Survey to describe the prevalence of metabolic syndrome and its components by age, sex, education level and income adequacy in a sample of the Canadian adult population. Because different studies have used various criteria in the past to define metabolic syndrome, and because there is continuing controversy as to the appropriate criteria, we calculated the prevalence according to several types of criteria to better facilitate comparison to findings from past and future studies.
Methods
Study population
We included data from cycle 1 (2007–2009) of the Canadian Health Measures Survey. Procedures and methods for data collection for the survey have been described previously.12,13 In brief, this survey, conducted by Statistics Canada, was completed by a representative sample covering about 96.3% of the Canadian population aged 6–79 years. People living on reserves or in institutions, full-time members of the Armed Forces and people living in remote areas were excluded. Statistics Canada provided weights for each participant that corresponded to the number of people represented by that person in the Canadian population. In brief, participant weights were calculated by multiplying the weight for the collection site by the selection weights for household, and adjusted for nonresponse. The weights for collection site and households were based on the 2006 census. The household weights were then converted to individual weights and further adjusted for nonresponse. Additional details about the sampling and estimations are described elsewhere.14
For our analysis, we selected survey respondents aged 18 years and older regardless of their history of chronic diseases or medication use. We excluded pregnant women. We included data only for participants from whom fasting blood samples were taken, because the criteria for metabolic syndrome require measurements of fasting glucose and plasma triglycerides. As part of the national survey, fasting blood samples were collected from randomly selected participants, who constituted 46.6% of the total adult sample excluding pregnant women. Statistics Canada provided separate weights for this group to ensure appropriate representativeness at the population level; these weights were adjusted for nonresponse.
The ethics approval process for the Canadian Health Measures Survey has been described previously, and all participants gave their informed consent.15 Ethical approval for this project was obtained from the University of Manitoba Health Research Ethics Board and Statistics Canada.

Criteria for metabolic syndrome
We report the prevalence of metabolic syndrome using the original criteria for the syndrome (the Adult Treatment Panel III criteria9). According to these criteria, metabolic syndrome is present if three or more of the following criteria are met: abdominal obesity (waist circumference > 102 cm for men and > 88 cm for women); elevated plasma triglyceride level (≥ 1.7 mmol/L); decreased high-density lipoprotein (HDL) cholesterol level (< 1.03 mmol/L for men and < 1.30 mmol/L for women); elevated blood pressure (≥ 130/85 mm Hg); or elevated fasting glucose level (≥ 6.1 mmol/L). We used this set of criteria to facilitate comparisons with findings from previous studies.
We also report the prevalence of metabolic syndrome using the most recent unified criteria,10 which are identical to the Adult Treatment Panel III criteria except for abdominal obesity (waist circumference ≥ 102 cm for men and ≥ 88 cm for women) and elevated fasting glucose level (≥ 5.6 mmol/L). As recommended by the developers of the unified criteria, we also report prevalence of the syndrome using lower thresholds for waist circumference (≥ 94 cm for men and ≥ 80 cm for women).10 The reason for reporting prevalence using these two sets of cut-offs for waist circumference is because of the limited evidence supporting either cut-off.
Participants who reported taking medication to control blood pressure were considered positive for meeting the elevated blood pressure criterion because biological markers would not accurately reflect risk. Those who had a previous diagnosis of type 2 diabetes were considered to have impaired glucose tolerance. This previous diagnosis was used as a surrogate marker, because data regarding use of diabetes medication may have incorrectly identified people with type 1 diabetes as having impaired glucose tolerance. Data on use of lipid-lowering medications were not available.

Demographic variables
We grouped participants by age as follows: 18–29, 30–39, 40–49, 50–59, 60–69 and 70 years or older. If low cell numbers were present, we merged age groups to meet confidentiality requirements set by Statistics Canada. Education level, determined on the basis of the highest level achieved in the household, was classified into four categories: less than secondary school graduation, secondary school graduation, some postsecondary education and postsecondary graduation. Income adequacy, as defined by Statistics Canada on the basis of total household income and the number of individuals in the household,16 was classified into four categories: lowest income group, lower–middle income group, upper–middle income group and highest income group.

Statistical analysis
Statistical analysis was conducted using SPSS version 18 for data manipulation and weighted analysis (without bootstrapping). We used SUDAAN version 10.0.1 for prevalence estimates and analysis with bootstrapping as per Statistics Canada recommendations. Participants who did not have complete data for all components of the metabolic syndrome were included only in analyses conducted to provide prevalence estimates for individual components. We used the χ2 test to determine differences in prevalence by age group, education level and income level. Binary logistic regression was used to determine predictors of metabolic syndrome. Data presented, including percentages and standard errors, were generated using weighting and bootstrapping. Significance was set at a p value of less than 0.05.


Results
About 1800 participants (rounded to the nearest 10 as per Statistics Canada confidentiality requirements) were included in our study, representing about 24 473 500 Canadians. Missing data for individual components of metabolic syndrome resulted in less than 1% of the sample being excluded for prevalence estimates of metabolic syndrome.
Table 1 shows the estimated prevalence of metabolic syndrome in the Canadian adult population according to the Adult Treatment Panel III criteria, and the unified criteria with standard and low thresholds for abdominal obesity. All results relating to metabolic syndrome are reported hereafter according to the unified criteria.
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Table 1: Weighted estimates of the prevalence of metabolic syndrome among Canadian adults, according to different criteria



The estimated prevalence was 19.1% overall. The prevalence was higher among women than among men (20.5% v. 17.8%), but this difference was not significant (p = 0.28). Abdominal obesity was the most common component of the syndrome, with 35.0% of the population meeting this criterion (Table 2); it was more prevalent among women than among men (40.0% v. 29.1%; p = 0.013). The prevalence of high blood pressure and low HDL cholesterol did not differ significantly between men and women (Table 2). When the data were stratified by age and sex (Figure 1), we observed that 26.6% of young women (aged 18–39 years) had abdominal obesity and 39.4% had low HDL cholesterol. Among young men, 21.6% had hypertriglyceridemia.
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Table 2: Weighted estimates of the prevalence of metabolic syndrome and its components identified according to the unified criteria, by age, sex and income
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Figure 1: Weighted estimates of the prevalence of the components of metabolic syndrome (defined according to recent unified criteria10) by age and sex. Abdominal obesity = waist circumference ≥ 102 cm for men and ≥ 88 cm for women. Low level of high-density lipoprotein (HDL) cholesterol = < 1.03 mmol/L for men and < 1.30 mmol/L for women. Hypertriglyceridemia = plasma triglyceride level ≥ 1.7 mmol/L. Elevated fasting glucose level = ≥ 5.6 mmol/L. Elevated blood pressure = ≥ 130/85 mm Hg. For blood pressure, the two youngest groups were collapsed to 18–49 years owing to low prevalence, which compromised confidentiality.



The distribution of prevalence estimates by number of components of metabolic syndrome is summarized in Table 3. Low HDL cholesterol was the most common component that was found on its own, such that 36.1% of those with only one component had low HDL cholesterol (data not shown). When looking at the distribution of the different combinations of components of metabolic syndrome, we observed that impaired glucose tolerance without the presence of any of the other four components occurred in only 15.8% of people with impaired glucose tolerance. Of that 15.8%, the majority were men.
View this table:	View inline
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Table 3: Weighted estimates of the prevalence by number of components of metabolic syndrome identified according to the unified criteria, by age, sex, education level and income



The most common combination of components among participants who met three of the criteria for metabolic syndrome were abdominal obesity, low HDL cholesterol and hypertriglyceridemia (30.4% of those meeting three criteria). Among participants with four criteria, the most common combination was high blood pressure, abdominal obesity, low HDL cholesterol and hypertriglyceridemia (one-third of those with four criteria).
Education and income level were both significant predictors of metabolic syndrome independent of age and sex: higher levels of education and income were associated with a lower prevalence of metabolic syndrome (Table 4). However, neither education nor income had a linear relation with metabolic syndrome. Income level was not a significant predictor when education was included in the model, probably because education and income level were multicolinear. Sex was not significantly associated with metabolic syndrome, and neither sex-stratified analysis nor interactions between sex and education or income levels revealed any differential patterns between the sexes.
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Table 4: Predictors of metabolic syndrome identified according to the unified criteria, as per binary logistic regression analysis*




Interpretation
Using the current unified criteria,10 we found that the prevalence of metabolic syndrome in the Canadian adult population was 19.1%. Although sex-related differences in prevalence were not significant for the syndrome overall, they were significant for the components of impaired glucose tolerance, hypertriglyceridemia and abdominal obesity. In general, there was a significantly higher prevalence of metabolic syndrome and increased number of components associated with lower income level and lower level of household education.
The public health implications of these results are substantial. Greater efforts are needed to address poor lifestyle habits, particularly among younger adults and those of low socioeconomic status. Clinically, these results reiterate the importance of screening for other cardiovascular risk factors among those who meet any of the criteria for metabolic syndrome, but especially among those with impaired glucose tolerance, because it is rarely observed alone. Having health care professionals focus only on impaired glucose tolerance would result in missing a substantial proportion of individuals at risk.
The prevalence of metabolic syndrome reported in our study based on the unified criteria is lower than the prevalence reported in the American adult population 20 years and older included in the National Health and Nutrition Examination Survey (NHANES) III (1988–1994) and the NHANES 1999–2000 survey using the revised Adult Treatment Panel III criteria, which are comparable to the unified criteria.17 The age-adjusted prevalence in the American adult population was 32.3% in 1999–2000, as compared with 19.1% among Canadians in the present sample. A portion of the difference in prevalence between the two populations may be accounted for by the exclusion of people 18–19 years old in the NHANES data, because this age group has low rates of risk factors for chronic diseases.
The Canadian Heart Health Survey, which was conducted from 1986 to 1992 and used an adapted version of the Adult Treatment Panel III criteria, reported a prevalence of 14.4% among Canadians 18–64 years old.11 It is difficult to compare the prevalence to that in the current study and determine whether it has increased because the Canadian Heart Health Survey used body mass index instead of waist circumference, and diabetes diagnosis instead of fasting glucose levels. Nevertheless, the prevalence appears to have increased, particularly in the younger groups. In Australia, 19.5% and 17.2% of men and women more than 24 years old had metabolic syndrome according to the Adult Treatment Panel III criteria.6 Although the Canadian rates of metabolic syndrome are high at 19.1%, the rates are no worse than those in Australia and are lower than those in the United States. Minor differences in the criteria used to identify metabolic syndrome may influence estimates and complicate comparisons.
In another American study based on NHANES data (2003–2006), differences between women and men in the prevalence of the components of metabolic syndrome were similar to those seen in the current study. In the US study, 60.7% of women and 44.8% of men had abdominal obesity,18 as compared with 40.0% of women and 29.1% of men in the Canadian study. Higher rates of abdominal obesity among women in other populations have been previously reported.19,20 Also, in the 2003–2006 US study, 26.5% of women and 35.6% of men had hypertriglyceridemia,18 as compared with 20.0% of women and 29.0% of men in the current study. Neither the NHANES studies nor the current study showed significant differences in the overall prevalence of metabolic syndrome between sexes.17,18
The burden of abdominal obesity, low HDL cholesterol and hypertriglyceridemia among young people in our study is especially of concern, because the risk of cardiovascular disease increases with age. These results are cause for intervention and public health measures to reduce the burden of risk for chronic diseases among young adults. Each component of metabolic syndrome is responsive to lifestyle changes. A French study found that adherence to nutritional guidelines was inversely and significantly associated with HDL cholesterol and overall risk of metabolic syndrome among people 18–49 years old.21
In the current study, the prevalence of metabolic syndrome was higher among participants with lower levels of household education and lower income adequacy. Socioeconomic status has long been known to predict higher rates of many chronic diseases.22 A recent Australian study reported a worse metabolic profile among women than among men in relation to socioeconomic profile, which indicates that low socioeconomic status may affect women’s health to a greater extent.23 This sex-related difference was also noted in the American population.24 We did not, however, observe a sex-related difference in metabolic syndrome in relation to either income adequacy or education level in our study. Similar to our findings, the relation of individual components of metabolic syndrome to income and education was not linear in the Australian sample.23 This is an interesting pattern and contradictory to the linear relation of socioeconomic status and cardiovascular-related outcomes observed by others.22,24,25
Limitations
Our study has several limitations. First, we did not apply ethnic-specific cut-offs to the criteria for metabolic syndrome, as has been suggested in previous research.26,27 There is currently no consensus on the use of ethnic-specific cut-offs for waist circumference.10 Also, the sample was not large enough to determine ethnic patterns of metabolic syndrome, and Aboriginal people living on reserve were excluded from the sample.
Second, the sample we used for analysis was smaller than the overall survey sample, because we could include data only for participants from whom fasting blood samples were taken. However, separate weights for this group were provided by Statistics Canada to account for the smaller sample.

Conclusion
We found that about one in five Canadian adults had metabolic syndrome. People at increased risk were those in households with lower education and income levels. The burden of abdominal obesity, low HDL cholesterol and hypertriglyceridemia among young people is of concern, especially because the risk of cardiovascular disease increases with age. Public health initiatives to improve dietary habits and physical activity are needed to address these health issues.
The prevalence data from our study can be used as benchmarks for comparison with findings from smaller population-specific studies and to track risk factors for chronic diseases over time. Public health efforts to address these important risk factors for diabetes and cardiovascular disease in populations of low socioeconomic status are imperative. For health care professionals, our findings reiterate the importance of screening for other risk factors among patients in whom any component of metabolic syndrome is identified.
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