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ARTICLEINFO ABSTRACT

Article history: The objective was to explore the clinical utility of triglyceride (TG) to high-density
Received 4 June 2011 lipoprotein cholesterol (HDL-C) ratio in predicting insulin resistance (IR) in 4 ethnic groups
Accepted 20 September 2011 and the relationship between IR and TG/HDL-C in comparison to that with other lipid

measures. Apparently healthy Aboriginals, Chinese, Europeans, and South Asians (N = 784)
were assessed for sociodemographics, lifestyle, anthropometry, lipids, glucose, and insulin.
The homeostasis model assessment of IR was used as a measure of IR. Compared with other
lipid parameters, TG/HDL-C was the highest correlate of the homeostasis model assessment
of IR (age and sex adjusted) in Aboriginals (r = 0.499, P < .001), Chinese (r = 0.432, P < .001),
Europeans (r = 0.597, P < .001), and South Asians (0.372, P < .001). For a 1-unit increase in TG/
HDL-C, the odds of being insulin resistant increased about 4 times (odds ratio [OR], 3.95; 95%
confidence interval [CI], 1.86-8.42; P <.001) in Aboriginals, 3.4 times in Chinese (OR, 3.44; 95%
CI, 1.79-6.62; P < .001), 1.9 times in Europeans (OR, 1.94; 95% CI, 1.00-3.75; P = .049), and 1.8
times in South Asians (OR, 1.77; 95% CI, 0.91-3.45; P = .094) (age, sex, smoking, physical
activity, body mass index, and waist circumference adjusted). Receiver operating
characteristic curve analyses revealed areas under the curve (95% CI) of 0.777 (0.707-0.847)
in Aboriginals, 0.723 (0.647-0.798) in Chinese, 0.752 (0.675-0.828) in Europeans, and 0.676
(0.590-0.762) in South Asians. Optimal cutoffs (sensitivity, specificity) of TG/HDL-C for
identifying individuals with IR were 0.9 (93.0%, 51.9%), 1.1 (71.7%, 61.5%), 1.1 (73.5%, 70.9%),
and 1.8 (52.0%, 77.9%) in Aboriginal, Chinese, European, and South Asian individuals,
respectively. The TG/HDL-C ratio may be a good marker to identify insulin-resistant
individuals of Aboriginal, Chinese, and European, but not South Asian, origin.
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1. Introduction

Insulin resistance (IR) is considered one of the major risk
factors for the development of type 2 diabetes mellitus [1].
Thus, early identification of insulin-resistant individuals,
preferably by using simple and inexpensive diagnostic tools,
is essential for preventing the occurrence of type 2 diabetes
mellitus. One such simple tool, the “hypertriglyceridemic
waist” (the combination of an increased waist circumference
and hypertriglyceridemia,) has already been established in the
literature as an inexpensive tool to identify individuals at
elevated risk of type 2 diabetes mellitus [2]. Another marker,
triglyceride (TG) to high-density lipoprotein cholesterol (HDL-
C) ratio, has recently been proposed as a simple marker of IR
[3-7]. The potential clinical utility of TG/HDL-C to identify
individuals with IR was first reported by McLaughlin et al [3]
among 258 overweight and obese adults predominantly of
white ancestry. Their results have been replicated in other
studies involving predominantly white population [4,6], as
well as in studies featuring other racial/ethnic groups such as
Korean [7], African [8], non-Hispanic Black, and Mexican
American [5]. However, the utility of TG/HDL-C in predicting
IR has not been explored among North American Aboriginal,
South Asian, or Chinese populations.

Chinese and South Asian populations represent more than
two fifths of the world’s population and are experiencing
rapidly increasing rates of obesity. With greater amounts of
visceral adipose tissue, these 2 groups are also at greater risk
for IR when compared with European populations [9]. In
addition, South Asians appear to develop IR during early
stages of overweight, which leads to premature occurrence of
type 2 diabetes mellitus in this ethnic group [10]. Similarly,
Aboriginal people are very vulnerable to type 2 diabetes
mellitus [11]. Consequently, early identification and treat-
ment of IR in these high-risk groups are essential in the
prevention of type 2 diabetes mellitus.

The TG/HDL-C ratio has been consistently shown to have
higher correlations with IR compared with other lipid measures
such as TG, total cholesterol (TC), HDL-C, TC/HDL-C ratio, or
low-density lipoprotein cholesterol (LDL-C) [4,6,12]; and this
relationship was consistent across studies using a variety of IR
measures (including use of glucose clamp [13,14], modified
insulin suppression test [4], or the homeostasis model assess-
ment of IR [HOMA-IR] [6,13]). However, whether TG/HDL-C is a
better correlate of IR compared with other lipid measures has
not been explored among Aboriginal, Chinese, or South Asian
populations. Thus, the purpose of our study was to explore the
clinical utility of TG/HDL-Cin predicting IR among individuals of
Aboriginal, Chinese, European, and South Asian origin, as well
as to explore the relationship between IR and TG/HDL-C in
comparison to that of other lipid measures.

2. Methods

Apparently healthy individuals of Aboriginal, Chinese, Euro-
pean, and South Asian origin were recruited as part of the
Multi-Cultural Health Assessment Trial (M-CHAT), a study
designed to explore the relationship between ethnicity and

body composition, and the way these relate to diabetes and
cardiovascular disease (CVD) risk [15]. Details on recruitment
of study participants have been published elsewhere [15].
Briefly, eligibility criteria included participants from Vancou-
ver, Canada, who were between 30 and 65 years of age and did
not experience a weight change of more than 2.5 kg in the 3
months before assessment date. Participants were recruited
across body mass index (BMI) ranges (18.5-24.9, 25.0-29.9, and
>30.0). Individuals diagnosed with CVD or on medications to
treat CVD-related risk factors were not eligible to participate in
the study. Ethnicity was self-reported. The study was approved
by the Simon Fraser University Research Ethics Board.

After providing written informed consent, study partici-
pants were assessed for sociodemographics, health-related
behaviors, anthropometry, and risk factors. Body mass index
was calculated as weight in kilograms divided by height in
meters squared. Leisure-time physical activity was assessed
by the Modifiable Activity Questionnaire [16], presenting
average minutes per week of activity over the previous year.
Following the standard protocol for blood collection and
shipment, blood samples were collected at the study site
from fasting participants and then shipped to St Paul’s
Hospital, Vancouver, for analysis. Glucose levels were deter-
mined by a glucose hexokinase II method using an ADVIA
1650 analyzer (Bayer Health Care, Morristown, NJ). Insulin was
measured by a solid-phase, enzyme-labeled chemilumines-
cent immunometric assay using Immulite 2500 analyzer
(Diagnostic Products, Los Angeles, CA). Coefficients of varia-
tions for within- and interassay precision for serum insulin
were less than 7.4%. The HOMA-IR, which has been shown to
correlate well with the euglycemic-hyperinsulinemic clamp
[17], was used as a surrogate of IR (insulin [microunits per
milliliter] x glucose [millimoles per liter]/22.5). Total choles-
terol, TG, and HDL-C were determined using standard pro-
tocols by the ADVIA 1650 analyzer (Bayer Health Care). Low-
density lipoprotein cholesterol was calculated using Friede-
wald formula (TC - [HDL-C + TG/2.2]) [18]. Non-high-density
lipoprotein cholesterol was calculated by subtracting HDL-C
from TC.

Out of 822 participants initially recruited for the M-CHAT
study, 38 participants were missing data for fasting insulin
and consequently for HOMA-IR. These individuals were
excluded from the study, leaving a final sample of 784
participants. Continuous variables are presented as means
(95% confidence interval [CI]) or as geometric means (95% CI) if
data are not normally distributed. Categorical variables are
given in counts and percentages. Distributions of physical
activity, glucose, insulin, HOMA-IR, TG, and TG/HDL-C devi-
ated from normality; so the variables were log transformed
using the natural logarithm (In). The interethnic differences in
risk factors expressed in continuous variables were deter-
mined using analysis of covariance while controlling for age
and sex. Interethnic differences in categorical sociodemo-
graphic variables were explored using the y° test. Partial
correlation coefficients were calculated for each ethnic group
to explore the relationship between various lipid parameters
and HOMA-IR after holding the effects of age and sex constant.

Logistic regression, performed for each group separately, was
used to explore the association between TG/HDL-C and IR. For
each ethnic group, IR was defined by HOMA-IR as greater than the
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Table 1 - Distribution of risk factors among individuals of Aboriginal, Chinese, European, and South Asian origin

Aboriginal n = 174 Chinese n = 214 European n = 197

South Asian n = 199 Overall P value

Female 95 (54.6%)

Age 45.5 (44.2-46.7)
Current smoker 51 (29.3%)
Physical activity (min/wk)®® 260 (221-306)

BMI (kg/m?)? 29.0 (28.3-29.7)
Fasting glucose (mmol/L)*  5.25 (5.16-5.34)
Fasting insulin (uU/mL)*° 72.53 (66.49-79.20)
HOMA-IR®P 2.44 (2.21-2.68)

116 (54.2%)
48.0 (46.8-49.1)
7 (3.3%)

170 (146-197)
25.8 (25.2-26.5)
5.25 (5.17-5.33)

2.03 (1.86-2.21)

TC (mmol/L)? 5.09 (4.95-5.24) 5.32 (5.19-5.45)
HDL-C (mmol/L)? 1.33 (1.28-1.38) 1.32 (1.28-1.36)
TC/HDL-G? 4.11 (3.91-4.31) 4.32 (4.14-4.50)
LDL-C (mmol/L)? 3.03 (2.90-3.16) 3.27 (3.16-3.39)
LDL-G/HDL-C? 2.45 (2.31-2.59) 2.64 (2.51-2.77)
Non-HDL-C (mmol/L)? 3.77 (3.62-3.91) 4.00 (3.87-4.14)
TG (mmol/L) *P 1.39 (1.28-1.51) 1.33 (1.23-1.43)
TG/HDL-C P 1.08 (0.97-1.21) 1.05 (0.95-1.15)

60.34 (55.81-65.30)

98 (49.7%) 100 (50.3%) 677
50.4 (49.2-51.6) 44.8 (43.6-46.0) <.001 HS1
15 (7.6%) 6 (3.0%) <.001

272 (233-317) 143 (123-167) <.001 "#1
27.8 (27.1-28.4) 27.8 (27.1-28.4) <.001°%!
5.13 (5.05-5.22) 5.33 (5.25-5.42) 0151
59.26 (54.54-64.39) 77.01 (70.95-83.60) <.001 101
1.95 (1.78-2.13) 2.63 (2.40-2.88) <.001 101
5.20 (5.06-5.34) 5.34 (5.21-5.48) 044

1.31 (1.27-1.36) 1.19 (1.14-1.23) <.001*"1
4.30 (4.11-4.50) 4.73 (4.55-4.92) <.001+"1
3.22 (3.10-3.35) 3.39 (3.27-3.51) 001 5%
2.68 (2.54-2.81) 3.01 (2.87-3.14) <.001#"1
3.89 (3.75-4.03) 4.16 (4.02-4.30) .001*
1.19 (1.10-1.29) 1.47 (1.36-1.59) .0031
0.95 (0.85-1.05) 1.27 (1.15-1.41) .001 "1

Data are means (95% CI) or n (%).

& Means are adjusted for age and sex.
® Geometric means (95% CI).

* P < .05, Aboriginal vs Chinese.

T P < .05, Aboriginal vs European.

* P < .05, Aboriginal vs South Asian.

$ P < .05, Chinese vs European.

" P < .05, Chinese vs South Asian.

1 P < .05, European vs South Asian.

75th percentile [19]. We constructed 2 models: model 1 contained
age, sex, smoking, physical activity, BMI, and waist circumfer-
ence; and model 2 was composed of variables from model 1 and
TG/HDL-C. The improvement of the predictive power of model 2
compared with model 1 was explored using a step statistic as well
as a receiver operating characteristic (ROC) curve analysis where
the area under the ROC curve (AUC) corresponded to the c statistic
from logistic regression models. Furthermore, ROC curve analysis
was used to explore how accurately TG/HDL-C can identify
individuals with IR in each ethnic group. As a measure of
discrimination, AUCof0.5,0.7 <AUC<0.8,0.8<AUC<0.9,and >0.9
represent no, acceptable, excellent, and outstanding discrimina-
tion, respectively [20]. A maximum value of the Youden index
was calculated as sensitivity + specificity — 1 and used as the
optimal TG/HDL-C cutoff point to identify individuals with IR [21].
All analyses were performed using Statistical Package for Social
Sciences version 19 (SPSS, Chicago, IL). P values < .05 were
considered statistically significant.

3. Results

There were significant ethnic differences across risk factors
(Table 1). The highest prevalence of current smoking was
among Aboriginals, and the lowest was among South Asians
(P < .001). Body mass index was highest among Aboriginal and
lowest among Chinese participants (P < .05). Fasting insulin and
HOMA-IR levels were higher among individuals of Aboriginal
and South Asian origin compared with their Chinese and
European counterparts (P < .05). Levels of HDL-C were lowest,
whereas those of TG, TG/HDL-C, LDL-C, LDL-C/HDL-C, non-
HDL-C, and TC/HDL-C were highest, among South Asian
participants (P < .05).

Age- and sex-adjusted correlation coefficients were calcu-
lated to explore the relationship between lipid parameters and
HOMA-IR. As expected, all lipid parameters, except for HDL-C
(which had a negative relationship), showed a positive
relationship with HOMA-IR (Table 2). More importantly,
compared with the rest of the lipid parameters, correlations
with HOMA-IR were highest for TG/HDL-C in all 4 ethnic
groups. A correlation coefficient expressing the linear rela-
tionship between TG/HDL-C and HOMA-IR was highest for
European (r = 0.597, P < .001) followed by Aboriginal (r = 0.499,
P <.001) and Chinese (r = 0.432, P < .001) participants and was
lowest for South Asian individuals (r = 0.372, P < .001).

Table 2-Results of age- and sex-adjusted correlation

analyses between InHOMA-IR and lipid measures in 4
ethnic groups

Lipid Aboriginal Chinese European South Asian
measure () (9} (r (r)
InTG/HDL-C 0.499% 0.432% 0.597% 0.372%
InTG 0.454* 0.378% 0.583% 0.333%
TC/HDL-C 0.362% 0.377% 0.517% 0.340%
HDL-C -0.414% -0.396%  -0.455* -0.278*%
LDL-C/HDL-C 0.2491 0.305% 0.409% 0.273%
Non-HDL-C 0.183" 0.2107 0.363% 0.199T
TC 0.057 0.074 0.23271 0.112
LDL-C 0.001 0.076 0.151" 0.081
* P<.05.

T p<.01.

¥ P <.001.
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Table 3 - The association between TG/HDL-C and IR in 4 ethnic groups

Model 1 discrimination overall Model 2 discrimination overall
C (95% CI)®

C (95% CI)®

Step
statistic ®

Significance of the change from
model 1 to model 2

Aboriginal 0.828 (0.758-0.898) 0.864 (0.806-0.922
Chinese 0.816 (0.744-0.887) 0.854 (0.787-0.920
European 0.836 (0.765-0.906) (

South 0.834 (0.765-0.902) 0.841 (0.776-0.907
Asian

)
)

0.857 (0.796-0.918) 4.013 045
)

14.791
16.729

<.001
<.001

2.863 .091

Model 1: age, sex, smoking, physical activity, BMI, and waist circumference. Model 2: model 1 + TG/HDL-C.
@ The difference in the log-likelihood between model 1 and model 2, that is, the improvement in the predictive power model 2 with TG/HDL-C

since model 1.

P Results of ROC curve analysis where the AUC corresponded to the c statistic from logistic regression models.

After adjusting for age, sex, smoking, physical activity, BMI,
and waist circumference, TG/HDL-C was found to be signifi-
cantly associated with IR in Aboriginals, Chinese, and
Europeans, but not in South Asians. Namely, for a 1-unit
increase in TG/HDL-C, the odds of being insulin resistant
increased about 4 times (odds ratio [OR], 3.95; 95% CI, 1.86-8.42;
P <.001) in Aboriginals, 3.4 times in Chinese (OR, 3.44; 95% CI,
1.79-6.62; P < .001), 1.9 times in Europeans (OR, 1.94; 95% CI,
1.00-3.75; P = .049), and 1.8 times in South Asians (OR, 1.77; 95%
CI, 0.91-3.45; P = .094). In the Aboriginals, Chinese, and
Europeans, the addition of TG/HDL-C to model 1 improved
the power of model 2’'s predicted values to discriminate
between people with and without IR (Table 3).

By constructing ROC curves (Fig. 1), we identified the TG/
HDL-C thresholds to discriminate between individuals with
and without IR. Seventy-fifth percentile cutoffs for HOMA-IR
were 3.81, 3.16, 2.88, and 3.61 in Aboriginal, Chinese, European,
and South Asian individuals, respectively. According to the
AUC, TG/HDL-C was shown to be a good marker for identifying
individuals with IR for Aboriginals (AUC = 0.777; 95% CI, 0.707-
0.847), Chinese (AUC = 0.723; 95% CI, 0.647-0.798), and
Europeans (AUC = 0.752; 95% CI, 0.675-0.828), but not in
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South Asians (AUC = 0.676; 95% CI, 0.590-0.762). Maximum
values of Youden indices (with respective sensitivities and
specificities) that corresponded to optimal cutoffs of TG/
HDL-C for identifying individuals with IR were 0.9 (93.0%,
51.9%), 1.1 (71.7%, 61.5%), 1.1 (73.5%, 70.9%), and 1.8 (52.0%,
77.9%) in Aboriginal, Chinese, European, and South Asian
individuals, respectively.

4, Discussion

The results of our study indicate that TG/HDL-C is a better
correlate of IR than other lipid measures tested across ethnic
groups. In Aboriginals, Chinese, and Europeans, but not in
South Asians, TG/HDL-C was significantly associated with
HOMA-IR independent of age, sex, smoking, physical activity,
BMI, and waist circumference. In addition, TG/HDL-C was
shown to be a good clinical marker to identify individuals
with IR in Aboriginals, Chinese, and Europeans, but not in
South Asians.

Previous studies in other ethnic populations have reported
significant correlations between TG/HDL-C and IR that were
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Fig. 1 - Receiver operating characteristic curves of the TG/HDL-C ratio for prediction of IR in Aboriginals (A), Chinese (B),

Europeans (C), and South Asians (D).
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higher than those of other lipid parameters [4,6,12-14].
McLaughlin and colleagues [4] showed that TG/HDL-C had
the strongest correlation with IR when compared with TG, TC/
HDL-C, HDL-C, non-HDL-C, and LDL-C. Likewise, TG/HDL-C
was a better correlate of HOMA-IR compared with TG, HDL-C,
TC, LDL-C, and TC/HDL-C among white people from the
Framingham Offspring Cohort [12]. In addition, correlation
coefficients for TG/HDL-C and IR were higher than those for IR
with HDL-C, TG, and TC/HDL-C among overweight and obese
nondiabetic postmenopausal women [13]. In our multiethnic
sample consisting of individuals of Aboriginal, Chinese,
European, and South Asian origin, TG/HDL-C was shown to
be a better correlate of HOMA-IR compared with TC, LDL/HDL-C,
and all the other above-mentioned lipid parameters, regardless
of age and sex.

With regard to clinical applicability, we found TG/HDL-C to
be a good marker for identifying individuals with IR among
apparently healthy individuals of Aboriginal, Chinese, and
European origin. This is consistent with other studies that
have found TG/HDL-C to also be an independent predictor of
future diabetes mellitus [22] and of retinopathy and chronic
kidney disease incidence in people with type 2 diabetes
mellitus without prior CVD [23]. The hypertriglyceridemic
waist has also been identified as a potential clinical marker of
the diabetogenic profile. [2] However, the hypertriglyceri-
demic waist is limited by the fact that the waist circumference
is not routinely measured in clinical practice; this therefore
limits the wider utilization of this otherwise good marker for
identification of at-risk individuals. It has also been shown
that another method, the total integrated insulin response,
has a stronger correlation with IR than TG/HDL-C [24].
However, the authors themselves concluded that this method
is limited by the lack of a standard assay for insulin
measurement and the complexity of assessing insulin action
directly and further suggested that lipid-based indices such as
TG/HDL-C can help to more consistently identify insulin-
resistant individuals at increased risk for CVD and diabetes
[24]. Therefore, given that TG and HDL-C are routinely
measured in clinical practice as part of a lipid panel, TG/
HDL-C can be readily calculated (or even provided by the
laboratory) and used to identify individuals with IR at risk for
type 2 diabetes mellitus.

Unlike with the other 3 ethnic groups, TG/HDL-C was not a
good indicator of IR in South Asians (AUC = 0.665). This was
unexpected given that South Asians have a high propensity to
develop type 2 diabetes mellitus at a younger age and at a
lower BMI and waist circumference than other ethnicities [25].
Our knowledge to date suggests that South Asians have a
unique body composition phenotype (increased abdominal
adiposity with greater levels of visceral and deep subcutane-
ous adipose tissues while at lower levels of BMI). As a result, it
has been postulated that the way excess energy is stored
within adipose tissue depots plays a significant role [26].
Indeed, studies have shown that, compared with Europeans,
South Asians have greater amounts of visceral adipose tissue
for the same total body fat [9]. They also possess a greater
amount of deep subcutaneous adipose tissue [27,28], which
has been reported to have a stronger relationship with IR than
superficial subcutaneous adipose tissue [29,30]. It has been
suggested that the higher lipolytic activity of deep subcuta-

neous adipose tissue may account for its stronger association
with IR [31], but findings with regard to differences in the
tissues’ lipolytic activity are somewhat contrasting in the
literature [32]. Although the exact mechanism for the ob-
served ethnic differences is still unclear, the unique body
phenotype of South Asians may be a factor that drives IR [26].
Longitudinal studies are needed to make causative conclu-
sions on the relationship between TG/HDL-C and IR in
South Asians.

Certain limitations to our study should be acknowledged.
Firstly, as our study participants were purposely recruited
across a range of BMI values, our sample may not be
representative of the general population. Nonetheless, we
believe this recruitment method served as an advantage to be
able to investigate these relationships across a range of body
sizes; and we indeed found that TG/HDL-C was significantly
associated with IR in all ethnic groups regardless of BMI. A
second limitation is that HOMA-IR was used as a surrogate of
IR; but this was based on the findings that HOMA-IR correlates
well with measurements obtained by euglycemic-hyperinsu-
linemic clamp, a criterion standard for evaluating insulin
sensitivity [17]. Especially given the invasiveness and the
complexity of the clamp method, the HOMA-IR method is
considered a more feasible option in large population health
studies [33]. An additional limitation is that although we did
adjust our analyses for age, sex, and physical activity—all
factors affecting plasma TG levels—we did not adjust for diet.
Finally, given the cross-sectional design of this study,
prospective studies are needed to explore whether the
independent association between TG/HDL-C and IR persists
or changes over time.

Despite its limitations, this is among the first studies to
explore the clinical utility of TG/HDL-C in identifying insulin-
resistant individuals among Aboriginals, Chinese, and South
Asians. Furthermore, given that our study population was
composed of people without CVD and who were not on CVD-
related medications, our results suggest that TG/HDL-C would
be a very useful marker in primary care to identify insulin-
resistant individuals with increased risk for CVD and diabetes.
As part of this study, we also identified ethnic-specific optimal
cutoffs of TG/HDL-C for identifying individuals with IR.
Namely, when examining Chinese and Europeans, a finding
of TG/HDL-C of 1.1 should alert a physician that individuals
could be insulin resistant. In Aboriginals, an even lower TG/
HDL-C of 0.9is suggestive of individuals being at increased risk
for CVD and diabetes. This simple measure may allow
physicians to get at-risk individuals started early in lifestyle
intervention programs.

In summary, our study explored the association between
TG/HDL-C and IR among individuals of Aboriginal, Chinese,
South Asian, and European origin. The TG/HDL-C ratio
outperformed other lipid parameters in their association
with IR and was independently associated with IR over and
above age, sex, smoking, physical activity, BMI, and waist
circumference. The TG/HDL-C ratio has the advantage in that
it is a simple, inexpensive biomarker and is easily calculated
from the TG and HDL-C values that are routinely measured in
clinical practice as part of a lipid panel. The TG/HDL-C ratio
could potentially allow for an early discovery of insulin-
resistant individuals, leading to early implementation of
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lifestyle intervention programs that could significantly
decrease incidence of type 2 diabetes mellitus. The results
of our study suggest that TG/HDL-C may be a good marker
for early identification of insulin-resistant individuals at
increased risk for type 2 diabetes mellitus among apparently
healthy Aboriginal, Chinese, and European, but not South
Asian, populations.
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