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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 meta-
bolic 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 respon-
dents aged 18 years and older for whom fast-
ing blood samples were available; pregnant
women were excluded. We calculated weight-
ed estimates of the prevalence of metabolic
syndrome and its components in relation to
age, sex, education level and income.

Results: The estimated prevalence of meta-
bolic 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 ele-
vated fasting glucose level (18.9% v. 13.6%;
p = 0.025) and hypertriglyceridemia (29.0% wv.
20.0%; p = 0.012). The prevalence of metabolic
syndrome was higher among people in house-
holds 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 bur-
den of abdominal obesity, low HDL (high-
density lipoprotein) cholesterol and hypertri-
glyceridemia among young people was
especially of concern, because the risk of car-
diovascular disease increases with age.

hronic disease contributes significantly
‘ to morbidity and mortality in the Cana-
dian population." As such, the economic
costs are substantial. Metabolic syndrome refers
to a constellation of conditions that approxi-
mately doubles a person’s risk of cardiovascular
disease, independently of other risk factors.*”*
The cause of metabolic syndrome has not been
fully elucidated; a summary of the current pro-
posed mechanisms is discussed elsewhere.®
Several sets of criteria have been established for
the detection of metabolic syndrome, many of
which have been continually updated.®® The set of
criteria most commonly used in the past was pub-
lished in the third report of the National Cholesterol
Education Program Expert Panel on Detection,
Evaluation, and Treatment of High Blood Choles-
terol in Adults (Adult Treatment Panel III criteria).’
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."
The Canadian Health Measures Survey, con-
ducted in 2007-2009, was the first cross-sectional
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survey of a representative sample of Canadians
that collected biological samples since the Cana-
dian Heart Health Surveys about 20 years ago."
We used data from the Canadian Health Measures
Survey to describe the prevalence of metabolic
syndrome and its components by age, sex, educa-
tion 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 cri-
teria, we calculated the prevalence according to
several types of criteria to better facilitate compar-
ison 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.”" In brief, this
survey, conducted by Statistics Canada, was com-
pleted by a representative sample covering about
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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 peo-
ple living in remote areas were excluded. Statis-
tics Canada provided weights for each participant
that corresponded to the number of people repre-
sented 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 nonre-
sponse. Additional details about the sampling and
estimations are described elsewhere."

For our analysis, we selected survey respon-
dents 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 syn-
drome 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 repre-
sentativeness at the population level; these weights
were adjusted for nonresponse.

The ethics approval process for the Canadian
Health Measures Survey has been described pre-
viously, and all participants gave their informed
consent.” 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 criteria’). 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); ele-
vated plasma triglyceride level (= 1.7 mmol/L);
decreased high-density lipoprotein (HDL) cho-
lesterol level (< 1.03 mmol/L for men and
< 1.30 mmol/L for women); elevated blood pres-
sure (= 130/85 mm Hg); or elevated fasting glu-
cose 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,"
which are identical to the Adult Treatment Panel
IIT criteria except for abdominal obesity (waist
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circumference > 102 cm for men and > 88 cm for
women) and elevated fasting glucose level
(= 5.6 mmol/L). As recommended by the devel-
opers of the unified criteria, we also report preva-
lence of the syndrome using lower thresholds for
waist circumference (=94 cm for men and
>80 cm for women)."” The reason for reporting
prevalence using these two sets of cut-offs for
waist circumference is because of the limited evi-
dence 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 diagno-
sis 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, 4049, 50-59, 60-69 and 70 years or
older. If low cell numbers were present, we
merged age groups to meet confidentiality re-
quirements 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 gradu-
ation, secondary school graduation, some post-
secondary education and postsecondary gradu-
ation. Income adequacy, as defined by Statistics
Canada on the basis of total household income
and the number of individuals in the household,'
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 esti-
mates and analysis with bootstrapping as per
Statistics Canada recommendations. Participants
who did not have complete data for all compo-
nents of the metabolic syndrome were included
only in analyses conducted to provide prevalence
estimates for individual components. We used
the x” 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 pre-
sented, including percentages and standard
errors, were generated using weighting and boot-
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strapping. Significance was set at a p value of

less than 0.05. Table 1: Weighted estimates of the prevalence of metabolic syndrome
among Canadian adults, according to different criteria

Results : :
Estimated prevalence, weighted, % (SE)
About 1800 participants (rounded to the nearest Criteria* Toal Men Women
10 as per Statistics Canada confidentiality re-
quirements) were included in our study, repre- ,cé;ciit:I;ci;rgreatment Panel IlI 17.7 (1.6) 15.9 (1.8) 19.5 (2.0)
senting about 24 473 500 Canadians. Missing = RTIET S
data for individual components of metabolic syn- Unified criteria™ with high 19107 17820 205@21)
. thresholds for waist circumferencet

drome resulted in less than 1% of the sample — — -

Unified criteria’® with low 23.2(1.3) 23.4(1.7) 22.9(1.8)

being excluded for prevalence estimates of meta-
bolic syndrome.

thresholds for waist circumference+

Table 1 shows the estimated prevalence of Note: SE = standard error.
. . . *See Methods for definitions of criteria.
metabolic syndrome in the Canadian adult popu- tThreshold set at > 102 cm for men and > 88 cm for women.
lation according to the Adult Treatment Panel II1 $Threshold set at > 94 cm for men and > 80 cm for women.

criteria, and the unified criteria with standard and

Table 2: Weighted estimates of the prevalence of metabolic syndrome and its components identified according to the unified
criteria, by age, sex and income
Estimated prevalence, weighted, % (SE)
Abdominal
Metabolic  Elevated blood Elevated Low HDL obesity (high
Characteristic syndrome* pressure fasting glucose cholesterol Hypertriglyceridemia  threshold*)
Overall 19.1 (1.7) 24.3 (1.5) 16.2 (1.0) 33.6 (2.7) 24.5 (2.2) 35.0 (2.2)
Age group, yr
18-39% 6.5 (1.5) 4.9 (1.1) 4.4 (0.7) 34.0 (3.7) 15.6 (2.5) 23.1(2.2)
40-49 17.5 (3.4) 22.1(3.1) 13.3 (3.2) 36.7 (3.5) 26.4 (4.0) 37.3 (3.8)
50-59 27.3 (3.2) 30.0 (5.0) 27.8 (3.6) 26.5 (5.1) 32.3(5.3) 40.5 (4.7)
60-69 39.7 (4.3) 59.2 (2.9) 29.4 (2.7) 36.4 (3.7) 35.6 (2.4) 51.0 (3.0)
70-79 39.0 (5.0) 64.5 (3.5) 429 (7.1) 32.4 (5.0) 29.4 (2.7) 52.7 (4.2)
p valuet < 0.001 < 0.001 < 0.001 0.45 0.001 <0.001
Sex
Male 17.8 (2.0) 25.5 (2.1) 18.9 (1.4) 30.3 (2.1) 29.0 (3.2) 29.1 (2.1)
Female 20.5 (2.1) 23.1(2.0) 13.6 (1.4) 36.8 (4.1) 20.0 (2.1) 40.0 (3.7)
p valuet 0.28 0.39 0.025 0.12 0.012 0.013
Education level
Less than secondary school 40.1 (7.5) 44.5 (5.6) 435 (6.9) 37.9 (8.5) 35.2 (6.3) 63.8 (7.7)
graduation
Secondary school graduation 34.3 (4.5) 34.5 (5.8) 25.8 (5.8) 37.7 (4.2) 34.3 (5.3) 49.5 (4.8)
Some postsecondary 9.4 (2.4) 22.2 (4.5) 6.1 (1.6) 31.0 (7.0) 11.9 (3.8) 35.9 (6.0)
Postsecondary graduation 15.2 (1.6) 20.9 (1.5) 14.1 (0.9) 32.4 (3.2) 23.0 (2.5) 30.0 (2.0)
p valuet 0.002 < 0.001 0.001 0.58 0.015 0.003
Income level
Lowest income 21.3(6.2) 25.0 (6.4) 21.0 (6.4) 42.6 (6.8) 19.7 (4.1) 36.7 (7.4)
Lower-middle income 31.6 (5.4) 31.8 (4.1) 24.0 (3.6) 49.6 (5.8) 27.5(5.4) 46.2 (5.5)
Upper-middle income 20.5 (2.8) 28.4(2.1) 16.4 (1.7) 33.0(3.3) 25.6 (3.4) 34.5 (2.8)
Highest income 15.2 (1.6) 18.4 (1.8) 13.7 (1.7) 30.5(2.9) 24.2 (2.2) 33.4(3.2)
p valuet 0.0498 0.017 0.16 0.034 0.74 0.11
Note: HDL = high-density lipoprotein, SE = standard error.
*Azccording to the unified criteria with high thresholds for waist circumference (> 102 cm for men and > 88 cm for women).™
I')Ic'hze;;e groups 18-29 and 30-39 years were merged to meet privacy standards set by Statistics Canada.
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low thresholds for abdominal obesity. All results
relating to metabolic syndrome are reported
hereafter according to the unified 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 syn-
drome, 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
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Figure 1: Weighted estimates of the prevalence of the components of metabolic syndrome (defined according to recent unified crite-
ria”) 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.
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and low HDL cholesterol did not differ signifi-
cantly 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.

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 distribu-
tion of the different combinations of components
of metabolic syndrome, we observed that im-
paired glucose tolerance without the presence of
any of the other four components occurred in
only 15.8% of people with impaired glucose tol-
erance. Of that 15.8%, the majority were men.

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 hypertriglyc-
eridemia (one-third of those with four criteria).
Education and income level were both signifi-
cant predictors of metabolic syndrome indepen-
dent of age and sex: higher levels of education and
income were associated with a lower prevalence
of metabolic syndrome (Table 4). However, nei-
ther 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 sig-
nificantly associated with metabolic syndrome,
and neither sex-stratified analysis nor interactions
between sex and education or income levels re-
vealed any differential patterns between the sexes.

Interpretation

Using the current unified criteria," we found that
the prevalence of metabolic syndrome in the
Canadian adult population was 19.1%. Although

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
No. of components identified; estimated prevalence, weighted, % (SE)
Characteristic 0 1 2 3 4or5 p value*
Overall 33.3(2.9) 28.7 (1.5) 18.8 (1.3) 11.7 (1.3) 7.4(1.1)
Sex 0.06
Male 33.1(2.6) 28.0 (2.1) 21.1 (1.5) 10.5 (1.5) 7.3(1.0)
Female 33.6 (3.8) 29.4 (1.7) 16.5 (1.7) 13.0 (1.8) 7.5 (1.6)
Age group, yr < 0.001
18-39 47.8 (4.8) 30.6 (3.8) 15.0 (2.3) 5.3(1.2) 1.2 (0.3)
40-49 30.1 (4.6) 30.1 (2.7) 22.3 (4.4) 11.5 (2.3) 6.0 (2.6)
50-59 30.2 (6.3) 26.1 (3.6) 16.4 (3.4) 16.0 (1.8) 11.3 (2.8)
60-69 11.2 (2.0) 26.8 (2.8) 22.3 (4.0) 22.5(3.8) 17.2 (2.2)
70-79 10.4 (2.7) 22.6 (3.9) 28.1(2.1) 18.7 (3.7) 20.3(3.9)
Education levelt < 0.001
Less than secondary school 28.0 (6.4) 28.0 (6.4) 40.1 (7.5)
graduation
Secondary school graduation 50.0 (3.2) 15.7 (3.5) 34.3 (4.5)
Some postsecondary 67.1(7.6) 23.5(6.8) 9.4 (2.4)
Postsecondary graduation 66.3(1.9) 18.5 (1.1) 15.2 (1.6)
Income level 0.010
Lowest income 36.9 (6.4) 22.3(8.3) 19.5 (6.4) 7.5(1.9) 13.8 (5.5)
Lower-middle income 21.5(5.3) 27.7 (3.0) 19.2 (4.7) 18.7 (4.5) 12.9 (3.8)
Upper—-middle income 30.9 (4.9) 30.9 (3.9) 17.7 (2.2) 13.3(2.4) 7.2 (1.3)
Highest income 36.8 (3.3) 28.0 (1.8) 20.0 (1.4) 9.6 (1.2) 5.5 (1.6)
Note: SE = standard error.
*y? test.
tThose with 0 or 1 component were grouped, as were those with 3 or more components, in keeping with Statistics Canada’s confidentiality requirements.
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sex-related differences in prevalence were not sig-
nificant for the syndrome overall, they were sig-
nificant 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 im-
portance 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 sub-
stantial proportion of individuals at risk.

The prevalence of metabolic syndrome re-
ported 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) IIT (1988—
1994) and the NHANES 1999-2000 survey
using the revised Adult Treatment Panel III crite-
ria, which are comparable to the unified criteria."”
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

Table 4: Predictors of metabolic syndrome
identified according to the unified criteria,
as per binary logistic regression analysis*

Variable OR (95% Cl)

Income level
Lowest income 0.68 (0.33-1.38)

Lower middle income 1.00 (ref)

0.49 (0.26-0.93)

0.40 (0.21-0.78)

Upper middle income
Highest income
Education

Less than secondary 0.89 (0.39-2.04)

school graduation

Secondary school 1.00 (ref)

graduation
Some postsecondary 0.30 (0.13-0.70)

Postsecondary graduation 0.45 (0.25-0.81)

Note: Cl = confidence interval, OR = odds ratio.
*Two separate models are presented, both adjusted by age
and sex.
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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." It is difficult to compare the
prevalence to that in the current study and deter-
mine whether it has increased because the Can-
adian Heart Health Survey used body mass index
instead of waist circumference, and diabetes diag-
nosis instead of fasting glucose levels. Neverthe-
less, 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.® 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 obe-
sity,” 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 pop-
ulations have been previously reported."”* Also, in
the 2003-2006 US study, 26.5% of women and
35.6% of men had hypertriglyceridemia, as com-
pared with 20.0% of women and 29.0% of men in
the current study. Neither the NHANES studies
nor the current study showed significant differ-
ences in the overall prevalence of metabolic syn-
drome between sexes.'”"

The burden of abdominal obesity, low HDL
cholesterol and hypertriglyceridemia among
young people in our study is especially of con-
cern, 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 meta-
bolic syndrome is responsive to lifestyle
changes. A French study found that adherence to
nutritional guidelines was inversely and signifi-
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cantly associated with HDL cholesterol and
overall risk of metabolic syndrome among peo-
ple 18-49 years old.”

In the current study, the prevalence of meta-
bolic 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.”” A recent Australian
study reported a worse metabolic profile among
women than among men in relation to socioeco-
nomic profile, which indicates that low socio-
economic status may affect women’s health to a
greater extent.” This sex-related difference was
also noted in the American population.* We did
not, however, observe a sex-related difference in
metabolic syndrome in relation to either income
adequacy or education level in our study. Simi-
lar to our findings, the relation of individual
components of metabolic syndrome to income
and education was not linear in the Australian
sample.” This is an interesting pattern and con-
tradictory to the linear relation of socioeco-
nomic status and cardiovascular-related out-
comes observed by others.?**

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.”*? There is currently no
consensus on the use of ethnic-specific cut-offs
for waist circumference." Also, the sample was
not large enough to determine ethnic patterns of
metabolic syndrome, and Aboriginal people liv-
ing 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, sepa-
rate weights for this group were provided by Statis-
tics 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 educa-
tion and income levels. The burden of abdominal
obesity, low HDL cholesterol and hypertriglyc-
eridemia among young people is of concern,
especially because the risk of cardiovascular dis-
ease 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 dis-
ease 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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