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Abstract

Background The relationship between liver enzymes and Metabolic Syndrome (MetS) in different populations, including
Canadians, is not consistent and well understood. We used the Canadian Health Measures Survey data (Cycles 3 and 4) to
examine the cross-sectional relationships between select liver biomarkers and MetS in the adult Canadian population. The
biomarkers selected were gamma-glutamyl transferase (GGT), aspartate aminotransferase (AST), and alkaline phosphatase
(ALKP).

Methods Fasting blood samples (FBS) were collected from adults above the age of 20 years for Cycle 3 and Cycle 4
(n=3003). MetS was diagnosed if the subjects had three or more risk determinants according to the Joint Interim Statement
criteria. Primary risk factors included quartile cut-offs for each of the biomarkers ALKP, AST, GGT for males and females
separately. A multivariable logistic regression technique based on a maximum likelihood approach was used to evaluate the
association between quartiles of ALKP, AST, and GGT, other individual and contextual factors, and the prevalence of MetS.
Results MetS was prevalent in 32.3% of subjects. BMI was an effect modifier in the relationship between GGT and MetS
prevalence, while sex was an effect modifier in the relationship between ALKP and MetS prevalence; and age was an effect
modifier in the relationship between AST and MetS prevalence.

Conclusions Since the mechanisms to underpin the associations between the liver enzymes activity and MetS are unknown,
further epidemiologic investigations using longitudinal designs are necessary to understand these associations.

Keywords Metabolic syndrome - Adults - Risk factors - Liver enzymes

Abbreviations CHMSs - Canadian Health Measures Surveys.
GGT - gamma-glutamyltransferase HDL - high-density lipoproteins
ALT - alanine aminotransferase MetS - metabolic syndrome
AST - aspartate aminotransferase BMI - Body Mass Index
ALKP - alkaline phosphatase OR - Odds Ratio
CVD - cardiovascular disease CI - Confidence interval
BRR - Balanced Repeated Replication
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University of Saskatchewan, Saskatoon, Canada Metabolic syndrome (MetS) has become an important

global public health issue [1, 2]. In Canada, data from

School of Biological Sciences, National Institute of Science

Education and Research (NISER), HBNI, PO Jatni, Khurda, the nationally representative survey (the (?anadian Health
Odisha 752050, India Measures Survey-CHMS) reported an increase in the
3 School of Environment & Sustainability & Toxicology MetS prevalence in adults aged 18 years and greater from
Centre, University of Saskatchewan, Saskatoon, Canada 19.1% [3] during Cycle 1 (2007-2009) to 21% [4] during
4 Cycle 3 (2012-2013). MetS is known to be associated with
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chronic diseases such as diabetes, chronic kidney disease
[7, 8]. Recent epidemiologic studies have reported associa-
tions between elevated serum levels of liver enzymes and
increased cardiovascular risk [5, 6]. For example, in pro-
spective studies, elevated alanine aminotransferase (ALT)
and gamma-glutamyl transferase (GGT) have been shown
to predict CVD.

Plasma levels of liver enzymes, including ALT and
Aspartate aminotransferase (AST), GGT, and alkaline phos-
phatase (ALKP), have been widely explored as the indicators
of MetS and its components among different populations
[9-14]. Previous epidemiological studies [9, 11, 12, 14-19]
have suggested that liver enzymes showed high sensitivity to
metabolic disorders, suggesting their potential as novel bio-
markers of MetS. Many large-scale prospective studies have
reported that high levels of GGT is a strong and independent
predictor of increased risk of MetS components [20-22].
Other liver enzymes, including ALT, AST, and ALKP were
also reported to be positively related to an increased risk
of MetS and related disorders [10, 17, 23-26]. However,
inconsistent findings have been shown when examining that
link between liver enzymes and MetS in different popula-
tions. Koskinen et al. [27] found no evidence that increased
enzyme levels (ALT and GGT) would amplify the athero-
genicity of MetS. In contrast, among Thai adults, elevated
liver enzymes were significantly(?) related to MetS risk [11]
and similar trends were found in Korean [13, 28] and Chi-
nese [17] adults. To our best knowledge, no such informa-
tion with regard to this association among Canadian adult
population is available.

Literature also suggested that demographics (age, sex,
family history of disease, etc.), socioeconomic status (house-
hold income and education), lifestyle risk factors (personal
cigarette smoking and alcohol consumption), environmental
exposure (household smoking) are associated with MetS [18,
19]. In Canada, the prevalence of metabolic syndrome was
found to be higher among people in households with lower
education and income levels [3]. Given the inconsistency
in the literature and a scarcity of comparable research in
Canadian population, this study aimed to use the CHMS
data (Cycles 3 and 4) to investigate the association between
elevated GGT, AST, and ALKP and MetS and to examine
the cross-sectional relationships between these biomarkers
and MetS in the adult Canadian population.

Methods and Materials
Study Population and Data Sources
We included data from for Cycle 3 (2012-2013) and Cycle 4

(2014-2015) of the Canadian Health Measures Survey. Pro-
cedures and methods for data collection for the survey have
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been described previously [29, 30]. In brief, the CHMS are
a series of cross-sectional national surveys led by Statistics
Canada, in partnership with Health Canada and the Public
Health Agency of Canada completed by a representative
sample covering about 96.3% of the Canadian population
aged 6-79 years. The survey covered Canadians living at
home in the 10 provinces and 3 territories. People living on
reserves or in institutions, full-time members of the Armed
Forces and people living in remote areas were excluded.

The CHMS consists of an in-home interview and a physi-
cal assessment conducted at a mobile examination center.
Information about demographic, socioeconomic, family his-
tory and general health information was collected from the
interview survey. The physical assessment includes meas-
ures of anthropometry, spirometry, blood pressure, fitness
and oral health and involves collecting biological specimens.

For the purpose of this current study, we included data
only for participants from whom fasting blood samples
were available. The reason for this selection was that fast-
ing glucose and plasma triglycerides were required to meet
the definition of metabolic syndrome. Therefore, adults 20+
years of age who provided fasting blood samples (herein
sub-fasting sample) for Cycle 3 or Cycle 4 were included
as respondents (n=3003). Inclusion criteria included: not
pregnant, not having liver diseases, not having hepatitis, hav-
ing information of valid waist circumference, triglycerides,
HDL, blood pressure, glucose, and liver enzymes. Sample
weights specific to the fasting subgroup were provided by
Statistics Canada to ensure prevalence estimates to be rep-
resentative of Canadian population.

Measures
Outcome Variable

MetS was diagnosed if the subjects had three or more risk
determinants according to the Joint Interim Statement cri-
teria [8]. These included: (1) abdominal obesity, defined
as waist circumference > 90 cm for men and > 85 cm for
women; (2) fasting blood glucose levels >110 mg/dL; (3)
triglycerides >150 mg/dL; (4) high-density lipoprotein
(HDL) cholesterol <40 mg/dL for men, and < 50 mg/dL for
women; and (5) hypertension, defined as systolic blood pres-
sure > 130 mmHg or diastolic blood pressure > 85 mmHg,
and taking antihypertensive medication.

Primary risk factors

Biomarkers, primary risk factors used in this report, were
available from laboratory test values. Biomarkers of interest
were ALKP, ALT, AST, and GGT in units per liter (U/L).
Since ALT was not available for both Cycle 3 and 4 of the
CHMS cycles, it was excluded from our analysis. Quartile
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cut-offs were obtained for males and females separately for
each of the biomarkers ALKP, AST, GGT to be used in the
analysis (Table 1).

Covariates The prevalence of MetS involves an interplay
among several factors, such as demographic, traditional risk
factors (socioeconomic and environmental), and recently
researched biomarkers, and the interaction between them.
Covariates of interest used in this report were obtained
from household questionnaires: demographics (age, sex,
etc.), socioeconomic status (household income and educa-
tion), lifestyle factors (personal cigarette smoking and alco-
hol consumption, total number of hours per week spent in
sedentary activities), environmental exposure (household
smoking), and ethnicity (white, Aboriginal, and other). Spe-
cifically, each variable was defined as: Age (20-39 years,
40-59 years, and > 60 years), marital status (single/not sin-
gle), sedentarity (sedentary for <= 14 hours, 15-29 hours,
or > 30 hours), Body Mass Index (BMI) measured by kg/
m? (neither overweight nor obese, overweight, and obese),
personal smoking status (never a smoker, ex-smoker, and
current smoker), drinking status (never, ex-, and current),
education (post-secondary and less or equal secondary),
income (low income, middle income, and high income),
environmental smoking (Yes/No), ethnicity (White, Abo-
riginal, and others), and immigrant status (Yes/No).

Statistical analyses

Statistical analysis was conducted using SPSS version 24
and STATA version 15 (Stata Corp, USA). For descrip-
tive analyses, chi-square tests were conducted to compare
GGT, AST, and ALKP levels, individual (e.g. Body Mass
Index [BMI]) and contextual (e.g. socioeconomic) factors,
and other population characteristics between the two groups
(presence or absence of MetS). Results were presented in
terms of weighted percentages by using the clinical weight
for sub-fasting samples (the combination of weights for
Cycle 3 and 4). Then, a series of univariable dichotomous
logistic regression was conducted to obtain the unadjusted
odds ratios (OR,;,,4), and 95% confidence intervals (95%
CI) to examine the associations of MetS prevalence with
each risk factors (liver enzymes, individual, and contex-
tual factors). In order to select variables to include in the

multivariable model, we utilized standard model build-
ing techniques. All statistically significant variables (with
p <0.20) and clinically significant variables based on uni-
variable logistic regression were selected. A multivariable
logistic regression technique based on a maximum likeli-
hood approach [31] was used to evaluate the association
between quartiles of ALKP, AST, and GGT, other individual
and contextual factors, and the prevalence of MetS. At this
stage, all statistically significant (p <0.05), biological and
clinical variables were retained. All potential scientifically
important two-way interactions were examined for statistical
significance (p <0.05).

The strength of associations was presented as adjusted
odds ratios (OR,q;) and 95% Cls. Appropriate weight vari-
ables computed by Statistics Canada methodologists were
used to account for unequal probability of selection. In our
analysis, we used the sub-fasting sample weight variable
combining Cycle 3 and 4. Bootstrap weights were used for
the robust variance estimation to account for designs effects,
such as stratification and clustering, inherent in the study
design of the cross-sectional complex survey. To compute
the standard errors of regression coefficients, we used bal-
anced repeated replication method [32]. Two-sided P val-
ues < 0.05 were considered statistically significant.

Results

MetS was prevalent in 32.3% of subjects (Table 2). The
prevalence of MetS components were: 44.4% for abdomi-
nal obesity, 25.9% for high blood pressure, 43.6% for high
triglycerides, 44.9% for low HDL-cholesterol, and 21.5%
for high blood glucose. Women tend to have lower MetS
prevalence compared to men (31.5% v. 33.1%; p <0.001).
The characteristics (in terms of weighted proportions)
of adult Canadian population were stratified according to
presence/absence of MetS (Table 3). Study participants with
MetS tended to have higher level of liver enzyme compared
to those without MetS. Also, MetS prevalence was greater in
older age, male gender, and higher income, greater sedentary
activities, overweight/obese, ex-smokers, and ex-drinkers.
Based on univariable logistic regression, single asso-
ciations of each predictor variable with the presence/
absence of MetS reveal that GGT, AST (with a dose-
response relation), ALKP (with a dose-response relation),

Table 1 Quartiles of ALKP

. Males Females
Alkaline phosphatase (U/L),
AST Asparate aminotransferase ALKP AST GGT ALKP AST GGT
(AST) (U/L), and Gamma-
glutamyltransferase (GGT) Lower quartile, Q, 61.00 23.00 19.00 60.00 20.00 15.00
(U/L) stratified by sex Middle quartile, Q, 73.00 27.00 26.00 72.00 23.00 19.00
(V=3003) Upper quartile, Q, 86.00 33.00 37.50 86.00 28.00 26.00
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Table2 Prevalence of MetS and its components stratified by sex
(N=3003)

Males Females Total p value*

% % % <0.001
Metabolic syndrome 33.1 315 323  <0.001
Abdominal obesity 366 524 444 <0.001
High triglyceride 25.6  18.0 43.6 <0.001
Low HDL-cholesterol 44.1 457 449 <0.001
High blood pressure 275 244 259 <0.001
High fasting blood glucose levels 28.1  14.9 21.5 <0.001

*P values were calculated using weighted Xz test to compare the pro-
portions between males and females

age (with a dose-response relation), BMI (with a dose-
response relation), education, income, ethnicity (White,
Aboriginal, and others), marital status, sedentary life-
style, and smoking were significant predictors of MetS
prevalence in the Canadian population cross-section ana-
lyzed by this study.

Based on multivariable logistic regression, we observe
that education (OR =2.14 (1.23-3.73); referent category
(RC): Post-secondary graduate) was significantly associ-
ated with MetS prevalence. BMI was found to be an effect
modifier in the relationship between GGT and MetS preva-
lence, while gender was an effect modifier in the relation-
ship between ALKP and MetS prevalence; and age was an
effect modifier in the relationship between AST and MetS
prevalence (Figs. 1, 2 and 3).

Discussion

In this study, we explored the relationship between liver
enzymes (GGT, AST, and ALKP), individual (age, sex,
obesity, etc.) and contextual (income, education, etc.)
factors, and MetS. We found that the overall prevalence
of MetS — defined as the Joint Interim Statement cri-
teria - was 32.3%. We also observed the pattern of the
associations between elevated liver enzymes and MetS,
with BMI, age, and sex to be significant effect modifiers
Table 4.

Our findings based on the cross-section of the Cana-
dian population analyzed in this study suggested that
there is an increasing trend in MetS prevalence in adults.
Data from Cycle 1 of the Canadian Health Measures
Survey (2007-2009) showed that the estimated preva-
lence of MetS was 19.1% overall [3]. Another report
using the same dataset in 2012-2013 [4] indicated that
approximately 21% of adults aged 18 to 79 had meta-
bolic syndrome, which is comparable to the observations
reported in our study. Furthermore, our findings were
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also comparable to one US study that used data from
the 2001-2012 Health and Nutrition Examination Survey
(NHANES). This study revealed MeS prevalence among
33,035 adults aged 18 years and older was 32.1% [33].

A higher prevalence of MetS (41.9%) [17] was found
in a multicenter, cross-sectional study conducted in
rural areas of China between 2012 and 2013 as part of
the Northeast China Rural Cardiovascular Health Study
(NCRCHS) that considered 11,573 adults (5357 men and
6216 women) aged >35 years. However, in another study
from Korea [13] conducted from 2013 to 2015 in a group
of 11,587 adults >30 years of age, MetS was prevalent in
26.9% of subjects, which is higher than that of our cur-
rent finding. A cross-sectional study (2006-2007) com-
prised of 1391 Thai participants receiving annual health
check-ups reported that the prevalence of MetS was 13.5%
[11]. These studies showed that it is challenging to com-
pare results among studies in different populations with
a slight difference in MetS definition.

Literature has suggested that high levels of GGT,
even within the normal range, are an important pre-
dictor of increased risk of cardiovascular diseases and
may reflect the development of MetS [15, 16, 22, 28,
34, 35]. Baseline data from a current large population-
based study (N=211,725) in 2019 in Korea showed
that GGT level was significantly higher in subjects with
MetS compared to normal subjects (37.92 +48.20 mg/
dL vs. 25.62 +33.56 mg/dL) [28]. Compared to the low-
est GGT quartile, the odds ratio increased with increas-
ing GGT quartile. A high level of GGT was found to
be positively associated with clustered components of
MetS in another population-based study in Beijing, China
in 2012 that considered10,553 adults aged 20-65 years
[15]. Our results, based on univariate analysis, support
these published findings. However, in the multivariable
analysis, BMI was found to be an effect modifier in the
relationship between GGT and MetS prevalence (Fig. 1).
Furthermore, overweight and obese people had a signifi-
cantly higher prevalence of MetS compared to neither
overweight nor obese people for the first through the
fourth quartiles, except for the overweight group with
inconsistent trend through the quartiles.

Several studies have demonstrated the association of
MetS with elevated AST levels [36—38], while others did
not find a statistically significant relationship [11, 17].
The inconsistency in findings may partially be explained
to be the characteristics of AST. AST is a less specific
marker of liver injury because it also exists in other
organs and cells, such as the heart, kidneys, and lungs
[25, 39]. In our analyses, despite the observation that AST
levels were found to be associated with MetS risk, the
multivariate analyses demonstrated that age was an effect
modifier in this relationship. In the multivariate analyses,
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Table 3 Characteristics (in terms of weighted proportions) of adult Canadian population stratified according to presence/absence of MetS
(N=3003)

Metabolic syndrome p value
No Yes
Weighted % Weighted %
AST <Q, 27.0 15.7 <0.001
Q,-Q, 24.0 21.7
Q,-Q; 24.8 32.7
>Q; 242 29.9
GGT <Q 30.2 11.6 <0.001
Q,-Q, 28.5 22.0
Q,-Q; 232 30.6
>Q; 18.0 35.8
ALKP <Q 26.7 13.6 <0.001
Q;-Q, 28.5 25.1
Q,-Q; 27.2 30.4
>Q; 17.7 30.9
Age groups 20-39 years 48.3 14.1 <0.001
40-59 years 36.4 43.9
60+ years 15.3 42.1
Sex Male 49.8 51.6 <0.001
Female 50.2 48.4
Household income Low income 52 4.5 <0.001
Middle income 39.7 39.5
High income 55.2 56
Total number of hours per week spentin  <=14 hours 20.8 15.7 <0.001
sedentary activities 15-29 hours 43.8 36.6
> =30 hours 354 47.7
Body Mass Index (BMI)-kg/m2 Neither overweight nor obese 47.4 11.1 <0.001
Overweight 35.8 37.9
Obese 16.8 51.1
Environmental tobacco smoking (ETS)  No 67.3 69.6 <0.001
€xposures Yes 327 30.4
Educational attainment Less than secondary 59 18.6 <0.001
Secondary grad/other post-secondary 23.7 234
post-secondary graduate 70.4 58.1
Immigrant Yes 22.1 24.8 <0.001
No 71.9 75.2
Marital status Not single 68.8 88.5 <0.001
Single 31.2 11.5
Ethnicity While 74.5 85.2 <0.001
Aboriginal 1.7 3
Others 23.8 11.8
Smoking status Current smokers 21.6 17.4 <0.001
Ex-smokers 24.4 39
Non-smokers 54 43.6
Drinking status Current drinkers 83.3 81.1 <0.001
Ex-drinkers 9.9 13.2
Non-drinkers 6.8 5.7

Aspartate aminotransferase (AST); Gamma-glutamyl transferase (GGT); Alkaline phosphatase (ALKP)
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Fig. 1 Interaction between BMI
and GGT based on the logistic
regression of the MetS preva-
lence in the Canadian popula- B r
tion age 20 and older
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there was a trend of higher probabilities of being diag-
nosed with MetS with increasing quartiles of AST among
individuals in the older groups (40+ years old). How-
ever, this trend did not occur in the youngest age group
(20-39 years old). It is unclear what the reasons for this
phenomenon are, and a more in depth investigation on the
effect of age in the association between elevated AST and
MetS in adults is required.

With regard to the relationships between serum ALKP
activity and MetS, inconsistent and conflicting results
have been reported previously. Several observational
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studies [26, 40, 41] have suggested that serum ALKP
activity may be higher in individuals with MetS versus
in those without MetS, while others [42] did not find any
statistically significant relationship. Hanley et al. reported
that subjects in the upper quartile of ALKP had a 2.88-
fold increased risk of incident metabolic syndrome com-
pared with those in the lowest quartile (95%CI 1.24-4.20)
[26]. In our current study, we reported similar results in
the univariate analyses. Multivariate analyses revealed
that sex was an effect modifier in the relationship between
ALKP levels and Mets, with males being more likely to
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Fig. 3 Interaction between age
and AST based on the logistic
regression of the MetS preva-
lence in the Canadian popula- w0
tion age 20 and older —
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have MetS compared to females in the first, the third,
and the fourth ALKP quartile, but not in the second
quartile (Fig. 3). Our findings are in contrast to those
of a Korean National Health and Nutrition Examination
Survey conducted in Korea between 2008 and 2011, and
which involved 7101 men and 8873 women aged 19 to
75 years [41]. In that cross-sectional study [41], Kim
et al. reported that in comparison with those of individu-
als in the lowest quartile, the OR (95% CI) for MetS in
the highest quartile was 1.32 (1.05-1.64) in men and 1.99
(1.42-3.81) in women. The authors concluded that serum
ALKP level was positively and independently associated
with MetS in men and women. While exact causes for the
inconsistency in results between our current study and
that by Kim et al. [41] are not known, it has been sug-
gested that sex differences in the distribution of total body
adipose tissue and sex hormones may play a role [43].
Regardless of interaction effects, our findings are
consistent with that of current studies. A study among
men and women aged >19 years participating in the
sixth examination of Tehran Lipid and Glucose study
(TLGS) in 2020 found similar trend that we observed
in our current study. The TLGS study found that sub-
jects in the third tertile of ALT, AST were found with a
3.8-, 1.52-, and 3.08-fold increased risk for MetS com-
pared with those with concentrations in the first tertile
(OR=3.80,95% CI=2.46-5.87 for ALT, OR=1.52,95%
CI=1.04-2.23 for AST). The OR of MetS was 2.71 (95%
CI=1.80-4.09) in subjects with elevated levels of GGT
compared with the subjects in the first tertile. Also, the
OR of MetS was 1.64 (95% CI=1.12-2.38) in elevated
ALKP levels compared with the subjects in the first tertile

[44]. Data from the baseline phase of the Ravansar non-
communicable disease (RaNCD) cohort among residents
of Ravansar aged 35-65 years in Iran (2021) showed that
all enzymes were positively associated with MetS. Sub-
jects in the fourth quartile for GGT, ALT, ALKP, and
AST had 3.29-, 2.45-, 2.00-, and 1.19-fold increased risk
for MetS compared with subjects in the first quartile [45].
We observed the similar trend in our current study.
While our study provides novel insights as to the pos-
sible contribution of certain liver enzyme activities to
MetS and associated CVD risk, several limitations need
to be acknowledged. First, our study design was cross-
sectional; therefore, causal relationship between liver
enzymes and MetS could not be elucidated. However,
evidence from the literature has suggested the direc-
tion of elevated liver enzymes and an increased risk of
MetS as discussed above. Also, several prospective stud-
ies have confirmed that longitudinal increases in liver
enzymes are positively associated with MetS [46, 47].
Further studies are required, however, to confirm the
hypothesis postulated by this study that liver enzyme
activity patterns are indicative of MetS risk. Second, the
sample size we used for the current paper was smaller
than the overall survey samples from Cycle 1 to Cycle
5, because we included only those with available infor-
mation on fasting blood samples. However, we applied
separate weights that were provided by Statistics Canada
to ensure the generalizability of the findings.
Regardless of these remaining limitations, to our best
knowledge, this is the first national study to examine the
association between liver enzymes and MetS in Canadian
adults. This study was conducted using Statistics Canada
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Table 4 Unadjusted (ORunadj) and adjusted odds ratios (OR,,) and their robust (BRR) 95% confidence interval (95% CI) based on logistic

regression of the prevalence of MetS

adj

OR, i (BRR 95% CI) OR,;; (BRR 95% CI) p value*
AST <Q ref ref
Q,-Q, 1.56 (1.03-2.37) 3.63 (1.23-10.63) 0.019
Q,-Q; 2.27(1.55-3.32) 7.05 (1.64-30.27) 0.009
>Q; 2.12(1.40-3.21) 2.03 (0.47-8.79) 0.339
GGT <Q, ref ref
Q,-Q, 2.00 (1.31-3.06) 1.73 (0.56-5.39) 0.338
Q,-Q; 3.43 (2.39-4.92) 3.64 (1.36-9.72) 0.01
>Q; 5.17 (3.98-6.72) 2.33(0.71-7.61) 0.158
ALKP <Q ref ref
Q,-Q, 1.72 (1.10-2.69) 0.43 (0.23-0.80) 0.008
Q,-Q; 2.19 (1.28-3.73) 1.07 (0.60-1.91) 0.816
>Q; 3.42(2.35-4.97) 1.00 (0.58-1.72) 0.99
Sex Male ref ref
Female 0.93 (0.75-1.14) 0.40 (0.15-1.07) 0.07
Age groups 20-39 years ref ref
40-59 years 4.14 (2.59-6.61) 7.59 (1.76-32.73) 0.007
60+ years 9.45 (5.98-14.92) 38.23 (8.83-165.58) <0.001
Education Less than secondary 3.80 (2.70-5.34) 2.14 (1.23-3.73) 0.007
Secondary grad/other post-secondary 1.19 (0.81-1.75) 1.03 (0.66-1.63) 0.865
Post-secondary graduate ref ref
Ethnicity White 2.30 (1.54-3.44) 1.43 (0.85-2.40) 0.171
Aboriginal 3.62 (1.28-10.22) 1.72 (0.48-6.09) 0.397
Others ref ref
Total number of hours per week spent in <=14 hours ref ref
sedentary activities 15-29 hours 1.10 (0.66-1.84) 1.12 (0.60-2.09) 0.712
> =30 hours 1.78 (1.14-2.78) 1.72 (0.98-3.01) 0.059
Body Mass Index (BMI)-kg/m2 Neither overweight nor obese ref ref
Overweight 4.53 (3.20-6.41) 6.00 (2.54-14.15) <0.001
Obese 13.08 (9.30-18.39) 9.83 (2.98-32.42) <0.001
Immigrant Yes ref
No 0.86 (0.64-1.16)
Marital status Not single ref -
Single 0.28 (0.17-0.46)
Smoking status Current smokers 0.99 (0.64-1.53) -
Ex-smokers 1.98 (1.28-3.05)
Non-smokers ref
Drinking status Current drinkers 1.16 (0.70-1.91) -
Ex-drinkers 1.58 (0.85-2.94)
Non-drinkers ref
Household Income Low income ref -
Middle income 1.13 (0.52-2.43)
High income 1.15 (0.62-2.15)
Environmental tobacco smoking (ETS) No ref -
exposures Yes 0.90 (0.60-1.34)
Interaction (See Figs. 1, 2 and 3) p value
ALKP quartiles*Sex <0.05
AST quartiles*Age groups <0.05
GGT quartiles*BMI <0.05

*based on multivariate analyses

“
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not included in the multivariate analyses
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survey data that is both high quality and representative of
96% of Canadians. Therefore, the current findings may be
generalized to the adult’s Canadian population.

Conclusions

These representative data of the Canadian general population
suggested that elevated levels of GGT, AST, and ALKP
were significantly associated with an increased prevalence
of MetS. Gender, age, and BMI acted as effect modifiers in
these associations. Further epidemiologic investigations
using longitudinal designs are necessary to understand these
associations.
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