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Aim: To evaluate the association between high triglyceride/HDL-cholesterol (TG/HDL-C) ratio and insulin
resistance (IR) or hyperinsulinemia after oral glucose tolerance test (OGTT) in normal-weight healthy
adults.
Methods: We carried out an analytical cross-sectional study in euthyroid non-diabetic adults, who
attended the outpatient service of a private clinic in Lima-Peru from 2012 to 2016. Participants were
divided in two groups according to the presence or absence of high TG/HDL-C ratio, IR or hyper-
insulinemia after OGTT. TG/HDL-C ratio values� 3 were considered as high. IR was defined as a Ho-
meostasis Model Assessment (HOMA-IR) value� 2.28 and hyperinsulinemia after OGTT as a serum
insulin value� 80mU/mL after 120min of 75-g glucose intake. We elaborated crude and adjusted Poisson
generalized linear models to evaluate the association between high TG/HDL-C ratio and IR or hyper-
insulinemia after OGTT and reported the prevalence ratio (PR) with their respective 95% confidence
intervals (95%CI).
Results: We analyzed the data of 118 individuals. Prevalence of high TG/HDL-C ratio was 17.8% (n¼ 21)
while the prevalence of IR and hyperinsulinemia after OGTT was 24.6% (n¼ 29) and 17.0% (n¼ 20),
respectively. TG/HDL-C-ratio values were positively correlated with HOMA-IR (r¼ 0.498; p < 0.01) and
serum insulin after OGTT (r¼ 0.326; p< 0.001). In the adjusted model, high TG/HDL-C ratio was asso-
ciated with both IR (aPR¼ 3.16; 95%CI: 1.80e5.77) and hyperinsulinemia after OGTT (aPR¼ 2.36; 95%CI:
1.20e4.63).
Conclusions: High TG/HDL-C ratio was associated with both IR markers used in our study, appearing to be
a clinically useful tool to assess IR in euthyroid normal-weight adults without type 2 diabetes mellitus.

© 2018 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

Insulin resistance (IR) is considered a complex metabolic dis-
order [1,2] defined as the inability of insulin to properly ensure the
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glucose uptake and utilization [3]. IR represents an important
clinical condition, as it is strongly associated with different types of
cancer [4e7] and several cardiovascular [8e10], metabolic [11e13]
and brain disorders [14e16].

To date, the hyperinsulinemic-euglycemic clamp remains as the
gold standard for IR [17] and HOMA-IR is the most widely used
alternative [18,19]. However, both have some limitations, mainly
related to cost, accessibility, reproducibility and replicability
[17,19e22]. Thus, in recent years, different studies worldwide have
tried to develop and assess new markers for IR [23].

It is known that hypertriglyceridemia and low levels of high
density lipoprotein cholesterol (HDL-C) play an important role in
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the pathogenesis of IR and metabolic syndrome [24e28]. In addi-
tion, current literaturementions that it is not uncommon for people
with a normal body mass index (BMI) to present metabolic disor-
ders [29e32]. In this sense, the use of lipid markers could be useful
for an early and accurate diagnosis of IR, when the two previously
mentioned measures are not available.

In Latin America, two studies conducted in adult populations in
Mexico [33] and Argentina [34] aimed to assess the performance of
the Triglycerides (TG)/HDL-C ratio for IR diagnosis, showing some
favourable results. Peru is a country that has been through a
nutritional transition during the last years, with an increase in the
prevalence of non-communicable diseases [35]. Nevertheless, few
studies have been conducted in order to evaluate the performance
of surrogate biomarkers for IR [36,37], and this TG/HDL-C ratio still
remains unassessed.

For the above mentioned, the objective of the study was to
assess the association between high TG/HDL-C ratio and IR or
hyperinsulinemia after oral glucose tolerance test (OGTT) in a
sample of normal-weight adults.

2. Methods

2.1. Study design and population

We conducted an analytical cross-sectional study in euthyroid
adults of both sexes with a normal BMI and no medical history of
type 2 diabetes mellitus (T2DM), who attended the outpatient
service of a private clinic in Lima-Peru through 2012e2016.

2.2. Sample type and analysis unit

We performed a non-probabilistic sampling. We included all
patients who attended the outpatient service of the private clinic
between January 2012 and December 2016 and met the eligibility
criteria of the study.

2.3. Procedures

We reviewed all the medical records of the patients treated
during the study period and collected all the data of interest. The
laboratory values were only collected if the patient laboratory tests
were performed with a maximum of 30 days after they were
attended in the outpatient service of the private clinic. All partici-
pants had a minimum fasting period of eight hours for laboratory
tests, according to the protocols established by the medical centre.

2.4. Eligibility criteria

We included participants aged �18 with a BMI between 18.50
and 24.99 kg/m2 and no medical history of T2DM, hypothyroidism,
subclinical hypothyroidism, hyperthyroidism, polycystic ovary
syndrome or metabolic syndrome. Besides, we excluded patients
aged �60, with fasting glucose values� 126mg/dL, OGTT
�200mg/dL, thyroid hormones values outside the following
ranges: free triiodothyronine (FT3): 2.3e4.2 pg/mL, free thyroxine
(FT4): 0.89e1.76 ng/dL, thyroid stimulating hormone (TSH):
0.40e5.0 mU/mL [36]; and pregnant women.

2.5. Variables definition

2.5.1. Exposure: TG/HDL-C ratio
We defined the TG/HDL-C ratio using the following calculation:

TG (mg/dL)/HDL-C (mg/dL). Then, participants were categorized in
two groups: normal TG/HDL-C ratio (TG/HDL-C ratio <3) and high
TG/HDL-C ratio (TG/HDL-C ratio �3) [33].
2.5.2. Outcomes: IR and hyperinsulinemia after OGTT
IR was defined as a HOMA-IR value� 2.28, that correlates with

the 75-percentile. We used this cut-off point based in a previous
study [38]. Mathews et al. (1985) proposed HOMA-IR in a mathe-
matical model to assess hyperinsulinemia. The gold standard to
assess IR is the hyperinsulinemic euglycemic clamp, however
HOMA-IR is well correlated with it and was calculated using the
formula: fasting glucose (mg/dL) x fasting insulin (mU/mL)/405 [18].

Hyperinsulinemia after OGTT was defined as a serum insulin
value� 80mU/mL after 120min of 75-g glucose intake [39]. Partic-
ipants were divided in two groups according to these criteria.

2.5.3. Other variables
The following variables were also included in the analysis: age

(years), sex, BMI, fasting glucose, postprandial blood glucose, gly-
cated haemoglobin A1c, fasting insulin, TG, HDL-C, low-density li-
poprotein cholesterol (LDL-C), total cholesterol, FT3, FT4, FT3/FT4
ratio and TSH.

2.6. Statistical analysis

We used STATA v14.0 (StataCorp, TX, USA) for our analysis.
Descriptive results for numeric variables were presented as means
with standard deviation (SD) or medians with interquartile range
(IQR), depending on their distributions. Categorical variables were
expressed as numbers with percentages. The study population
characteristics according to the TG/HDL-C ratio groups, IR or
hyperinsulinemia after OGTT were compared using the student T
test or the Wilcoxon rank sum test as appropriate for numeric
variables and using the Chi-square test for categorical variables. The
Pearson correlation coefficient (rho) was used to assess the rela-
tionship between numeric variables as TG/HDL-C ratio and HOMA-
IR or serum insulin after OGTT values. For correlations, the numeric
variables were transformed to a normal distribution using a loga-
rithmic transformation.

Two generalized linear models (1 crude and 1 adjusted) from
Poisson family with robust standard errors were constructed to
evaluate the association between high TG/HDL-C ratio and IR or
hyperinsulinemia after OGTT. The reported association measure
was the prevalence ratio (PR) with their respective 95% confidence
intervals (95%CI). The adjusted model included the following con-
founding variables: age, sex, FT3/FT4 ratio and TSH (mU/mL)
[40,41]; and the reported association measure was the adjusted
prevalence ratio (aPR) with their respective 95% CI.

2.7. Ethical considerations

The datawas collected by two researchers from the private clinic
to study epidemiological surveillance. Participant information was
kept confidential and recorded into a Microsoft Excel 2010 file
without biological identifiers.

3. Results

We enrolled a total of 1817 patients during the study period; we
excluded 222 participants because they were 60 or older. Besides,
625 patients were withdrawn due to hyperthyroidism, hypothy-
roidism, subclinical hypothyroidism or T2DM, 695 because their
BMI was not between 18.50 and 24.99 kg/m2 and 157 because they
did not have the variables of interest. Finally, data of 118 partici-
pants was analyzed.

3.1. Characteristics of the study population

The average age of the participants was 37.2± 11.3 (SD) years, 21
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(17.8%) were males and the mean BMI was 22.7± 1.6 (SD) kg/m2.
The prevalence of high TG/HDL-C ratio was 17.8% (n¼ 21) while the
prevalence of IR and hyperinsulinemia after OGTT was 24.6%
(n¼ 29) and 17.0% (n¼ 20), respectively.

We found a TGmedian of 84 (IQR: 62e130) mg/dL and an HDL-C
mean of 56.5± 16.8 (mg/dL). Furthermore, the FT3, FT4, FT3/FT4
ratio and TSH, mean or median values were 3.1± 0.4 pg/mL,
1.2± 0.2 ng/dL, 2.6± 0.4 and 2.3 (IQR: 1.4e3.1) mU/mL, respectively.
In addition, the fasting glucose, fasting insulin and HOMA-IR, mean
or median values were 86.6 ± 8.1mg/dL, 7.7 (IQR: 5.1e10.7) (mU/
mL) and 1.6 (IQR: 1.1e2.3), respectively. The group with normal TG/
HDL-C ratio had a median of 1.3 (IQR: 1.0e1.9), while the high TG/
HDL-C ratio group had a median of 4.3 (IQR: 3.4e5.3), with statis-
tically significant differences (Table 1).

3.2. Characteristics of the study population by TG/HDL-C ratio

We observed higher means of BMI (23.5 vs. 22.5; p¼ 0.014) and
fasting glucose (90.0 vs. 85.8; p¼ 0.031) in participants with high
TG/HDL-C ratio compared with the normal TG/HDL-C ratio group.
Additionally, we found higher medians of fasting insulin (10.2 vs.
7.3; p< 0.001), serum insulin after OGTT (60.3 vs. 33.9; p¼ 0.023)
and HOMA-IR (2.5 vs. 1.5; p< 0.001) in patients with high TG/HDL-
C ratio compared with the group without this condition. Besides,
we found a higher TG median (175 vs. 76; p< 0.001) and a lower
HDL-C mean (39.7 vs. 60.1; p< 0.001) in participants with high TG/
HDL-C ratio compared with the normal TG/HDL-C ratio group
(Table 1).

3.3. Characteristics of the study population based on IR

We found higher means of BMI (23.4 vs. 22.5; p¼ 0.004), fasting
glucose (94.0 vs. 84.2; p< 0.001), postprandial glucose (115.4 vs.
85.1; p< 0.001), glycated haemoglobin A1c (5.5 vs. 5.3; p¼ 0.034),
LDL-C (127.4 vs. 106.2; p¼ 0.010), total cholesterol (208.5 vs. 183.5;
p< 0.001) and FT3/FT4 ratio (2.7 vs. 2.5; p¼ 0.024) in participants
with IR compared with the no IR group.

As well, we observed higher medians of fasting insulin (13.2 vs.
6.8; p< 0.001), serum insulin after OGTT (75.1 vs. 29.8; p< 0.001),
HOMA-IR (3.1 vs. 1.4; p< 0.001) and triglycerides (135 vs. 75;
p< 0.001) in participants with IR comparedwith the no IR group. In
addition, we found a higher triglycerides/HDL-C ratio median (2.8
vs. 1.3; p< 0.001) and a lower FT4 mean (1.2 vs. 1.3; p¼ 0.013) in
participants with IR compared with the no IR group (Table 2).
Table 1
Characteristics of the study population by TG/HDL-C ratio groups (N¼ 118).

Variables N¼ 118

Age (years) 37.2± 11.3
Male 21 (17.8)
BMI (kg/m2) 22.7± 1.6
Fasting glucose (mg/dL) 86.6± 8.1
Postprandial glucose (mg/dL) 92.6± 26.5
Fasting insulin (mU/mL) 7.7 (5.1e10.7)
Serum insulin after OGTT (mU/mL) 37.5 (22.5e68.4)
Glycated haemoglobin A1c (%) 5.4± 0.4
HOMA-IR 1.6 (1.1e2.3)
Triglycerides (mg/dL) 84 (62e130)
HDL-C (mg/dL) 56.5± 16.8
LDL-C (mg/dL) 111.8± 36.6
Total cholesterol (mg/dL) 189.8± 40.9
TG/HDL-C ratio 1.5 (1.1e2.62)
FT3 (pg/mL) 3.1± 0.4
FT4 (ng/dL) 1.2± 0.2
FT3/FT4 ratio 2.6± 0.4
TSH (mU/mL) 2.3 (1.4e3.1)

Data expressed as mean ± standard deviation, median (interquartile range) or number (
3.4. Characteristics of the study population based on
hyperinsulinemia after OGTT

Equally, we found a higher mean of fasting glucose (93.0 vs.
85.3; p< 0.001), postprandial glucose (126.3 vs. 85.7; p< 0.001),
glycated haemoglobin A1c (5.6 vs. 5.3; p¼ 0.004), LDL-C (128.4 vs.
108.3; p¼ 0.039) and FT3/FT4 ratio (2.8 vs. 2.5; p< 0.001) in par-
ticipants with hyperinsulinemia after OGTT compared with the
group without this condition. Moreover, we observed higher me-
dians of fasting insulin (12.1 vs. 7.2; p< 0.001), serum insulin after
OGTT (112.8 vs. 31.1; p< 0.001), HOMA-IR (3.0 vs.1.5; p< 0.001), TG
(130.5 vs. 77.5; p< 0.001) and TG/HDL-C ratio (2.9 vs. 1.3; p< 0.001)
in participants with hyperinsulinemia after OGTT compared with
the normal group (Table 3).
3.5. Correlations between the logarithmic values of TG/HDL-C ratio
and the logarithmic values of HOMA-IR or serum insulin after OGTT

We found a positive correlation between the logarithmic TG/
HDL-C ratio values and the logarithmic HOMA-IR values
(r¼ 0.498; p< 0.01) (Fig. 1). Similarly, we found a positive corre-
lation between the logarithmic TG/HDL-C ratio values and the
logarithmic serum insulin after OGTT values (r¼ 0.326; p< 0.001)
(Fig. 2).
3.6. Generalized linear models from Poisson family to assess the
association between high TG/HDL-C ratio and IR or
hyperinsulinemia after OGTT

In the crude Poisson regression model to calculate the associa-
tion between high TG/HDL-C ratio and IR, compared with the
normal TG/HDL-C ratio group, the prevalence of IR was higher
(PR¼ 3.26; 95% CI: 1.84e5.77). Similarly, the association remained
in the adjusted model for age (years), sex, FT3/FT4 and TSH (mU/mL)
(aPR¼ 3.16; 95% CI: 1.80e5.77) (Table 4).

In the crude Poisson regression model to evaluate the associa-
tion between high TG/HDL-C ratio and hyperinsulinemia after
OGTT, compared with the normal TG/HDL-C ratio group, the prev-
alence of hyperinsulinemia after OGTT was higher (PR¼ 3.08; 95%
CI: 1.44e6.61). Finally, after adjusting for age (years), sex, FT3/FT4
and TSH (mU/mL), the association remained significant (aPR¼ 2.36;
95% CI: 1.20e4.63) (Table 4).
Normal (n¼ 97) High (n¼ 21) P value

36.5± 11.4 40.2± 10.9 0.181
16 (16.5) 5 (23.8) 0.528
22.5± 1.7 23.5± 0.9 0.014
85.8± 7.0 90.0± 11.8 0.031
90.7± 25.0 101.3± 31.8 0.096
7.3 (4.8e10.0) 10.2 (8.4e16.2) <0.001
33.9 (22.3e62.1) 60.3 (36.8e109.5) 0.023
5.4± 0.3 5.5± 0.6 0.183
1.5 (1.1e2.1) 2.5 (1.6e3.8) <0.001
76 (58e97) 175 (140e227) <0.001
60.1± 15.8 39.7± 9.7 <0.001
110.9± 36.8 115.6± 36.2 0.611
188.2± 41.4 196.6± 38.7 0.400
1.3 (1.0e1.9) 4.3 (3.4e5.3) <0.001
3.1± 0.4 3.1± 0.3 0.570
1.3± 0.2 1.2± 0.2 0.033
2.5± 0.4 2.7± 0.4. 0.094
2.2 (1.4e3.1) 2.4 (1.6e3.6) 0.467

percentage).



Table 2
Characteristics of the study population based on IR (N¼ 118).

Variables No IR (n¼ 89) IR (n¼ 29) P value

High TG/HDL-C ratio 9 (42.9) 12 (57.1) <0.001
Age (years) 36.5± 10.9 39.4± 12.5 0.230
Male 20 (95.2) 1 (4.8) 0.020
BMI (kg/m2) 22.5± 1.6 23.4± 1.3 0.004
Fasting glucose (mg/dL) 84.2± 5.7 94.0± 10.0 <0.001
Postprandial glucose (mg/dL) 85.1± 20.9 115.4± 29.0 <0.001
Fasting insulin (mU/mL) 6.8 (4.8e8.4) 13.2 (11.6e16.7) <0.001
Serum insulin after OGTT (mU/mL) 29.8 (20.2e45.3) 75.1 (60.3e109.7) <0.001
Glycated haemoglobin A1c (%) 5.3± 0.3 5.5± 0.5 0.034
HOMA-IR 1.4 (1.0e1.8) 3.1 (2.5e3.8) <0.001
Triglycerides (mg/dL) 75 (56e97) 135 (108.5e171) <0.001
HDL-C (mg/dL) 58.5± 17.5 50.1± 12.7 0.018
LDL-C (mg/dL) 106.2± 33.9 127.4± 39.8 0.010
Total cholesterol (mg/dL) 183.5± 38.5 208.5± 42.6 <0.001
TG/HDL-C ratio 1.3 (0.9e1.9) 2.8 (2.0e3.9) <0.001
FT3 (pg/mL) 3.1± 0.4 3.1± 0.4 0.997
FT4 (ng/dL) 1.3± 0.2 1.2± 0.2 0.013
FT3/FT4 ratio 2.5± 0.4 2.7± 0.3 0.024
TSH (mU/mL) 2.3 (1.4e3.2) 2.3 (1.6e2.8) 0.864

Data expressed as mean± standard deviation, median (interquartile range) or number (percentage).

Table 3
Characteristics of the study population based on hyperinsulinemia after OGTT (N¼ 118).

Variables No hyperinsulinemia after OGTT (n¼ 98) Hyperinsulinemia after OGTT (n¼ 20) P value

High TG/HDL-C ratio 13 (61.9) 8 (38.1) 0.009
Age (years) 36.6± 11.1 40.3± 12.5 0.185
Male 20 (95.2) 2 (4.8) 0.120
BMI (kg/m2) 22.6± 1.6 23.1± 1.5 0.283
Fasting glucose (mg/dL) 85.3± 6.9 93.0± 10.8 <0.001
Postprandial glucose (mg/dL) 85.7± 21.3 126.3± 23.8 <0.001
Fasting insulin (mU/mL) 7.2 (4.8e9.2) 12.1 (10.1e18.5) <0.001
Serum insulin after OGTT (mU/mL) 31.1 (21.1e48.3) 112.8 (103.1e134.1) <0.001
Glycated haemoglobin A1c (%) 5.3± 0.3 5.6± 0.5 0.004
HOMA-IR 1.5 (1.1e2.0) 3.0 (2.1e4.3) <0.001
Triglycerides (mg/dL) 77.5 (59e123) 130.5 (103e195) <0.001
HDL-C (mg/dL) 57.7± 17.2 50.6± 13.7 0.087
LDL-C (mg/dL) 108.3± 33.9 128.4± 44.8 0.039
Total cholesterol (mg/dL) 186.8± 38.9 203.4± 47.6 0.100
TG/HDL-C ratio 1.3 (1.0e2.2) 2.9 (1.9e3.8) <0.001
FT3 (pg/mL) 3.1± 0.4 3.2± 0.4 0.574
FT4 (ng/dL) 1.3± 0.2 1.1± 0.2 0.001
FT3/FT4 ratio 2.5± 0.4 2.8± 0.4 <0.001
TSH (mU/mL) 2.3 (1.4e3.1) 2.4 (1.8e3.5) 0.360

Data expressed as mean± standard deviation, median (interquartile range) or number (percentage).

Fig. 1. Scatter plot for the correlation between the logarithmic TG/HDL-C ratio values
and the logarithmic HOMA-IR values.

Fig. 2. Scatter plot for the correlation between the logarithmic TG/HDL-C ratio values
and the logarithmic serum insulin after OGTT values.
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Table 4
Generalized linear models from Poisson family with robust standard errors to assess the association between High TG/HDL-C ratio and IR or Hyperinsulinemia after OGTT.

Outcomes Variables Crude PR (95% CI) P value Adjusted PR (95% CI)a P value

IR Normal TG/HDL-C ratio Reference e Reference e

High TG/HDL-C ratio 3.26 (1.84e5.77) <0.001 3.16 (1.80e5.57) <0.001
Hyperinsulinemia after OGTT Normal TG/HDL-C ratio Reference e Reference e

High TG/HDL-C ratio 3.08 (1.44e6.61) 0.004 2.36 (1.20e4.63) 0.012

a Adjusted by: age (years), sex, FT3/FT4 ratio and TSH (mU/mL).
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4. Discussion

4.1. Main findings

To our knowledge, only two studies in Latin America have
assessed the performance of the TG/HDL-C ratio for IR [33,34], and
this is the first one conducted in Peru. We found that the high TG/
HDL-C ratio was associatedwith both IR and hyperinsulinemia after
OGTT in a sample of healthy adults. Similarly, we found that TG/
HDL-C ratio was positively correlated with the HOMA-IR and
serum insulin after OGTT.

4.2. Comparison with other studies

Research conducted in adults with different clinical and socio-
demographic conditions have shown favourable results when
compared the TG/HDL-C ratio with the hyperinsulinemic-
euglycemic clamp [42] and other biomarkers [33,34,43e52]. In
this sense, some studies have reported a better performance of TG/
HDL-C for the diagnosis of IR, compared to other lipid measures
[44,47] and liver enzymes [46]. Nevertheless, discrepancies have
been found in some studies that have simultaneously evaluated the
performance of TG/HDL-C and the triglycerides and glucose index
(TGI). For example, Abbasi (2011) did not find differences in their
performance [43], while Du (2014) [44] and Mazidi (2018) [45]
found that TGI was better.

On the other hand, some studies have reported that, although
TG/HDL-C may be a useful surrogate marker for IR, it varies ac-
cording to sex [34,46,50]. This suggests that a single cut-off point
should not necessarily be used for all cases. Furthermore, ethnicity
is a variable that also influences the performance of this ratio. In
this sense, studies in African-Americans have shown that TG/HDL-C
is not a reliable marker for IR [51,53,54]. Nevertheless, as previously
mentioned, its usefulness has been demonstrated for other
populations.

4.3. Results interpretation

It is already known that there is a highly significant relationship
between IR and hypertriglyceridemia [1,24,25,27,55]. More specif-
ically, it has been postulated that increased plasma TG concentra-
tions and decreased of HDL-C are the key metabolic abnormalities
in IR and are usually grouped under the name of “diabetic dysli-
pidaemia” [28,44,55]. Thus, it seems understandable that TG/HDL-C
performs better than other lipid measures not only for IR, but also
to identify increased cardiometabolic risk [44,47,55,56].

On the other hand, it is important to mention that despite the
clinical usefulness of this ratio, discrepancies have been found ac-
cording to sex [34,46,50] and ethnicity [51,53,54]. Likewise, there
are studies that report a variable performance of TG/HDL-C when
compared with other biomarkers [43e45]. First, from a physio-
logical point of view, it is known that sexual [57] and race-ethnic
[58,59] differences in lipid profiles are common. This is why
Consensus Statements for metabolic syndrome use independent
values for each of these two variables [31,32]. Second, TG/HDL-C
performance variability may be due to the existence of different
methods for the measurement of HDL-C, which still require stan-
dardization [34,60,61].

4.4. Relevance and implications

IR is a complex metabolic disorder that is strongly associated
with several non-communicable diseases [4e16]. Since the
hyperinsulinemic-euglycemic clamp and HOMA-IR present some
limitations [17,19e22], it is necessary to have reliable, accessible
and easy-to-measure alternatives [23], and one of them is the TG/
HDL-C ratio.

As previously mentioned, both TG and HDL-C levels are strongly
associated with metabolic syndrome [24e28] and increased car-
diovascular risk [44,47,55,56]. Moreover, nowadays it is not un-
common for non-obese individuals to present metabolic disorders,
such as IR [30,32]. Thus, timely screening would not only be
beneficial for the population at risk, but also for normal-weight
healthy subjects. In this sense, since practically the lipid profile
has now become a routine test [62,63], the use of lipid biomarkers
(e.g. TG/HDL-C) for the early detection of IR would be really useful.

4.5. Limitations

Some limitations must be highlighted. First, we did not assess
causality between the evaluated variables due to the cross-
sectional nature of our study. Second, we used information
collected from medical records, which may have had errors at the
time of being filled; nevertheless, we carried out a rigorous eval-
uation of the data quality to reduce the possibility of information
bias. Third, we used HOMA-IR to measure IR and not the gold
standard (hyperinsulinemic-euglycemic clamp); however, HOMA-
IR is the most widely used alternative and previous studies have
shown a very high correlation between these two measures.
Fourth, this study was conducted in a single private medical centre,
thus our results cannot be generalized to the Hispanic population;
however, given the consistency of our findings with those
described in other similar populations from Latin America, we
believe that they could be extrapolated to populations of this re-
gion, except for African-American descendants.

5. Conclusions

High TG/HDL-C ratio was associated with both IR markers used
in our study, in a sample of euthyroid normal-weight adults
without T2DM. Prospective follow-up studies should corroborate
these results using the gold standard and determine optimal cut-off
points for different age groups and both sexes. Likewise, it is
necessary to standardize a method for the measurement of HDL-C,
in order to avoid biases in the calculation of the ratio.

Funding

This study was self-funded.



B. Pantoja-Torres et al. / Diabetes & Metabolic Syndrome: Clinical Research & Reviews 13 (2019) 382e388 387
Competing interests

The authors have no potential competing interests.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.dsx.2018.10.006.

References

[1] Samuel VT, Shulman GI. Mechanisms for insulin resistance: common threads
and missing links. Cell 2012;148(5):852e71.

[2] Gutch M, Kumar S, Razi SM, Gupta KK, Gupta A. Assessment of insulin
sensitivity/resistance. Indian J Endocrinol Metab 2015;19(1):160e4.

[3] Lebovitz HE. Insulin resistance: definition and consequences. Exp Clin Endo-
crinol Diabetes 2001;109(Suppl 2):S135e48.

[4] Tsugane S, Inoue M. Insulin resistance and cancer: epidemiological evidence.
Cancer Sci 2010;101(5):1073e9.

[5] Hernandez AV, Pasupuleti V, Benites-Zapata VA, Thota P, Deshpande A, Perez-
Lopez FR. Insulin resistance and endometrial cancer risk: a systematic review
and meta-analysis. Eur J Canc 2015;51(18):2747e58.

[6] Argirion I, Weinstein SJ, M€annist€o S, Albanes D, Mondul AM. Serum insulin,
glucose, indices of insulin resistance, and risk of lung cancer. Cancer Epidemiol
Biomark Prev 2017;26(10):1519e24.

[7] Yin D, He H, Yu K, Xie J, Lei M, Ma R, et al. The association between thyroid
cancer and insulin resistance, metabolic syndrome and its components: a
systematic review and meta-analysis. Int J Surg 2018;57:66e75.

[8] Reaven G. Insulin resistance and coronary heart disease in nondiabetic in-
dividuals. Arterioscler Thromb Vasc Biol 2012;32(8):1754e9.

[9] Laakso M, Kuusisto J. Insulin resistance and hyperglycaemia in cardiovascular
disease development. Nat Rev Endocrinol 2014;10(5):293e302.

[10] Wang F, Han L, Hu D. Fasting insulin, insulin resistance and risk of hyper-
tension in the general population: a meta-analysis. Clin Chim Acta 2017;464:
57e63.

[11] Gallagher EJ, Leroith D, Karnieli E. The metabolic syndrome–from insulin
resistance to obesity and diabetes. Med Clin North Am 2011;95(5):855e73.

[12] Asrih M, Jornayvaz FR. Metabolic syndrome and nonalcoholic fatty liver dis-
ease: is insulin resistance the link? Mol Cell Endocrinol 2015;418:55e65.

[13] Morigny P, Houssier M, Mouisel E, Langin D. Adipocyte lipolysis and insulin
resistance. Biochimie 2016;125:259e66.

[14] Kleinridders A, Cai W, Cappellucci L, Ghazarian A, Collins WR, Vienberg SG,
et al. Insulin resistance in brain alters dopamine turnover and causes
behavioral disorders. Proc Natl Acad Sci 2015:201500877.

[15] Ma L, Wang J, Li Y. Insulin resistance and cognitive dysfunction. Clin Chim
Acta 2015;444:18e23.

[16] Matioli MNPS, Nitrini R. Mechanisms linking brain insulin resistance to Alz-
heimer's disease. Dement Neuropsychol 2015;9(2):96e102.

[17] Tam CS, Xie W, Johnson WD, Cefalu WT, Redman LM, Ravussin E. Defining
insulin resistance from hyperinsulinemic-euglycemic clamps. Diabetes Care
2012;35(7):1605e10.

[18] Bonora E, Targher G, Alberiche M, Bonadonna RC, Saggiani F, Zenere MB, et al.
Homeostasis model assessment closely mirrors the glucose clamp technique
in the assessment of insulin sensitivity: studies in subjects with various de-
grees of glucose tolerance and insulin sensitivity. Diabetes Care 2000;23(1):
57e63.

[19] Wallace TM, Levy JC, Matthews DR. Use and abuse of HOMA modeling. Dia-
betes Care 2004;27(6):1487e95.

[20] Espinel-Bermúdez MC, Robles-Cervantes JA, Villarreal-Hern�andez L del S,
Villase~nor-Romero JP, Hern�andez-Gonz�alez SO, Gonz�alez-Ortiz M, et al. In-
sulin resistance in adult primary care patients with a surrogate index, Gua-
dalajara, Mexico, 2012. J Invest Med 2015;63(2):247e50.

[21] Borai A, Livingstone C, Ferns GAA. The biochemical assessment of insulin
resistance. Ann Clin Biochem 2007;44(Pt 4):324e42.

[22] Rudvik A, Månsson M. Evaluation of surrogate measures of insulin sensitivity -
correlation with gold standard is not enough. BMC Med Res Methodol
2018;18(1):64.

[23] Singh B, Saxena A. Surrogate markers of insulin resistance: a review. World J
Diabetes 2010;1(2):36e47.

[24] Leavens KF, Birnbaum MJ. Insulin signaling to hepatic lipid metabolism in
health and disease. Crit Rev Biochem Mol Biol 2011;46(3):200e15.

[25] von Eckardstein A, Sibler RA. Possible contributions of lipoproteins and
cholesterol to the pathogenesis of diabetes mellitus type 2. Curr Opin Lipidol
2011;22(1):26e32.

[26] Han T, Cheng Y, Tian S, Wang L, Liang X, Duan W, et al. Changes in tri-
glycerides and high-density lipoprotein cholesterol may precede peripheral
insulin resistance, with 2-h insulin partially mediating this unidirectional
relationship: a prospective cohort study. Cardiovasc Diabetol 2016;15(1):154.

[27] Kraegen EW, Cooney GJ. Free fatty acids and skeletal muscle insulin resis-
tance. Curr Opin Lipidol 2008;19(3):235e41.

[28] Karhap€a€a P, Malkki M, Laakso M. Isolated low HDL cholesterol: an insulin-
resistant state. Diabetes 1994;43(3):411e7.
[29] Hsieh SD, Yoshinaga H, Muto T, Sakurai Y, Kosaka K. Health risks among

Japanese men with moderate body mass index. Int J Obes Relat Metab Disord
2000;24(3):358e62.

[30] Vikram NK, Pandey RM, Misra A, Sharma R, Rama Devi J, Khanna N. Non-obese
(body mass index < 25 kg/m2) Asian Indians with normal waist circumference
have high cardiovascular risk. Nutrition 2003;19(6):503e9.

[31] Alberti KGMM, Zimmet P, Shaw J. Metabolic syndromeda new world-wide
definition. A Consensus statement from the international diabetes federa-
tion. Diabet Med 2006;23(5):469e80.

[32] St-Onge M-P, Janssen I, Heymsfield SB. Metabolic Syndrome in Normal-
Weight Americans: new definition of the metabolically obese, normal-
weight individual. Diabetes Care 2004;27(9):2222e8.

[33] Gonz�alez-Ch�avez A, Simental-Mendía LE, Elizondo-Argueta S. Elevated
triglycerides/HDL-cholesterol ratio associated with insulin resistance. Cir Cir
2011;79(2):126e31.

[34] Unger G, Benozzi SF, Perruzza F, Pennacchiotti GL. �Indice triglic�eridos y glu-
cosa: un indicador útil de insulinorresistencia. Endocrinol Nutr 2014;61(10):
533e40.

[35] Benziger CP, Bernab�e-Ortiz A, Gilman RH, Checkley W, Smeeth L, M�alaga G,
et al. Metabolic abnormalities are common among south American hispanics
subjects with normal weight or excess body weight: the CRONICAS cohort
study. PloS One 2015;10(11), e0138968.

[36] Benites-Zapata VA, Urrunaga-Pastor D, Torres-Mallma C, Prado-Bravo C,
Guarnizo-Poma M, L�azaro-Alc�antara H. Is free triiodothyronine important in
the development of insulin resistance in healthy people? Diabetes Metab
Syndr Clin Res Rev 2017;11:S663e7.

[37] Aguirre LG, Urrunaga-Pastor D, Moncada-Mapelli E, Guarnizo-Poma M, Laz-
aro-Alcantara H, Benites-Zapata VA, et al. High serum ferritin levels are
associated with insulin resistance but not with impaired glucose tolerance in
a healthy people population. Diabetes Metab Syndr 2017;11(Suppl 2):S983e8.

[38] Shashaj B, Luciano R, Contoli B, Morino GS, Spreghini MR, Rustico C, et al.
Reference ranges of HOMA-IR in normal-weight and obese young Caucasians.
Acta Diabetol 2016;53(2):251e60.

[39] Arancibia C, Galgani J, Valderas JP, Morales M, Santos JL, Pollak F. Evaluaci�on
de la insulinemia post carga oral de glucosa como m�etodo diagn�ostico de
resistencia a la insulina. Rev Med Chile 2014;142(9):1106e12.

[40] Urrunaga-Pastor D, Guarnizo-Poma M, Moncada-Mapelli E, Aguirre LG, Laz-
aro-Alcantara H, Paico-Palacios S, et al. High free triiodothyronine and free-
triiodothyronine-to-free-thyroxine ratio levels are associated with meta-
bolic syndrome in a euthyroid population. Diabetes Metab Syndr 2018;12(2):
155e61.

[41] Jayanthi R, Srinivasan AR, Hanifah M, Maran AL. Associations among Insulin
Resistance, Triacylglycerol/High Density Lipoprotein (TAG/HDL ratio) and
Thyroid hormone levels-A study on Type 2 diabetes mellitus in obese and
overweight subjects. Diabetes Metab Syndr 2017;11(Suppl 1):S121e6.

[42] Uruska A, Zozulinska-Ziolkiewicz D, Niedzwiecki P, Pietrzak M, Wierusz-
Wysocka B. TG/HDL-C ratio and visceral adiposity index may be useful in
assessment of insulin resistance in adults with type 1 diabetes in clinical
practice. J Clin Lipidol 2018;12(3):734e40.

[43] Abbasi F, Reaven GM. Comparison of two methods using plasma triglyceride
concentration as a surrogate estimate of insulin action in nondiabetic sub-
jects: triglycerides � glucose versus triglyceride/high-density lipoprotein
cholesterol. Metabolism 2011;60(12):1673e6.

[44] Du T, Yuan G, Zhang M, Zhou X, Sun X, Yu X. Clinical usefulness of lipid ratios,
visceral adiposity indicators, and the triglycerides and glucose index as risk
markers of insulin resistance. Cardiovasc Diabetol 2014;13:146.

[45] Mazidi M, Kengne A-P, Katsiki N, Mikhailidis DP, Banach M. Lipid accumula-
tion product and triglycerides/glucose index are useful predictors of insulin
resistance. J Diabet Complicat 2018;32(3):266e70.

[46] Sun Y, Li W, Hou X, Wang C, Li C, Zhang X, et al. Triglycerides and ratio of
triglycerides to high-density lipoprotein cholesterol are better than liver en-
zymes to identify insulin resistance in urban middle-aged and older non-
obese Chinese without diabetes. Chin Med J 2014;127(10):1858e62.

[47] Zhou M, Zhu L, Cui X, Feng L, Zhao X, He S, et al. The triglyceride to high-
density lipoprotein cholesterol (TG/HDL-C) ratio as a predictor of insulin
resistance but not of b cell function in a Chinese population with different
glucose tolerance status. Lipids Health Dis 2016;15:104.

[48] Ren X, Chen ZA, Zheng S, Han T, Li Y, Liu W, et al. Association between tri-
glyceride to HDL-C ratio (TG/HDL-C) and insulin resistance in Chinese patients
with newly diagnosed type 2 diabetes mellitus. PloS One 2016;11(4),
e0154345.

[49] Chiang J-K, Lai N-S, Chang J-K, Koo M. Predicting insulin resistance using the
triglyceride-to-high-density lipoprotein cholesterol ratio in Taiwanese adults.
Cardiovasc Diabetol 2011;10:93.

[50] He J, He S, Liu K, Wang Y, Shi D, Chen X. The TG/HDL-C ratio might Be a
surrogate for insulin resistance in Chinese nonobese women. Int J Endocrinol
2014;2014:105168.

[51] Kim-Dorner S-J, Deuster PA, Zeno SA, Remaley AT, Poth M. Should tri-
glycerides and the triglycerides to high-density lipoprotein cholesterol ratio
be used as surrogates for insulin resistance? Metabolism 2010;59(2):
299e304.

[52] McLaughlin T, Abbasi F, Cheal K, Chu J, Lamendola C, Reaven G. Use of
metabolic markers to identify overweight individuals who are insulin resis-
tant. Ann Intern Med 2003;139(10):802e9.

https://doi.org/10.1016/j.dsx.2018.10.006
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref1
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref1
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref1
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref2
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref2
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref2
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref3
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref3
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref3
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref4
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref4
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref4
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref5
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref5
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref5
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref5
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref6
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref6
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref6
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref6
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref6
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref6
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref7
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref7
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref7
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref7
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref8
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref8
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref8
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref9
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref9
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref9
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref10
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref10
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref10
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref10
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref11
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref11
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref11
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref12
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref12
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref12
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref13
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref13
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref13
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref14
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref14
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref14
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref15
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref15
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref15
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref16
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref16
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref16
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref17
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref17
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref17
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref17
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref18
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref18
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref18
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref18
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref18
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref18
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref19
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref19
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref19
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref20
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref20
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref20
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref20
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref20
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref20
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref20
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref20
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref20
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref20
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref21
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref21
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref21
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref22
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref22
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref22
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref23
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref23
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref23
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref24
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref24
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref24
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref25
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref25
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref25
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref25
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref26
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref26
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref26
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref26
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref27
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref27
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref27
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref28
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref28
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref28
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref28
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref29
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref29
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref29
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref29
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref30
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref30
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref30
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref30
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref31
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref31
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref31
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref31
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref31
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref32
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref32
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref32
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref32
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref33
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref33
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref33
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref33
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref33
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref33
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref34
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref34
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref34
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref34
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref34
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref34
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref35
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref35
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref35
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref35
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref35
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref35
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref36
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref36
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref36
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref36
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref36
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref36
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref36
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref37
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref37
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref37
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref37
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref37
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref38
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref38
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref38
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref38
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref39
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref39
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref39
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref39
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref39
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref39
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref39
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref40
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref40
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref40
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref40
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref40
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref40
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref41
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref41
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref41
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref41
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref41
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref42
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref42
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref42
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref42
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref42
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref43
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref43
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref43
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref43
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref43
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref43
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref44
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref44
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref44
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref45
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref45
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref45
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref45
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref46
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref46
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref46
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref46
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref46
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref47
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref47
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref47
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref47
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref48
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref48
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref48
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref48
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref49
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref49
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref49
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref50
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref50
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref50
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref51
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref51
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref51
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref51
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref51
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref52
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref52
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref52
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref52


B. Pantoja-Torres et al. / Diabetes & Metabolic Syndrome: Clinical Research & Reviews 13 (2019) 382e388388
[53] Knight MG, Goedecke JH, Ricks M, Evans J, Levitt NS, Tulloch-Reid MK, et al.
The TG/HDL-C ratio does not predict insulin resistance in overweight women
of African descent: a study of South African, African American and West Af-
rican women. Ethn Dis 2011;21(4):490e4.

[54] Sumner AE, Finley KB, Genovese DJ, Criqui MH, Boston RC. Fasting triglyceride
and the triglyceride-HDL cholesterol ratio are not markers of insulin resis-
tance in African Americans. Arch Intern Med 2005;165(12):1395e400.

[55] Reaven GM. Compensatory hyperinsulinemia and the development of an
atherogenic lipoprotein profile: the price paid to maintain glucose homeo-
stasis in insulin-resistant individuals. Endocrinol Metab Clin North Am
2005;34(1):49e62.

[56] Murguía-Romero M, Jim�enez-Flores JR, Sigrist-Flores SC, Espinoza-
Camacho MA, Jim�enez-Morales M, Pi~na E, et al. Plasma triglyceride/HDL-
cholesterol ratio, insulin resistance, and cardiometabolic risk in young
adults. J Lipid Res 2013;54(10):2795e9.

[57] Wang X, Magkos F, Mittendorfer B. Sex differences in lipid and lipoprotein
metabolism: it's not just about sex hormones. J Clin Endocrinol Metab
2011;96(4):885e93.
[58] Sliwa K, Lecour S, Carrington MJ, Stewart S, Lyons JG, Stewart S, et al. Different
lipid profiles according to ethnicity in the Heart of Soweto study cohort of de
novo presentations of heart disease. Cardiovasc J Afr 2012;23(7):389e95.

[59] Willey JZ, Rodriguez CJ, Carlino RF, Moon YP, Paik MC, Boden-Albala B, et al.
Race-ethnic differences in the association between lipid profile components
and risk of myocardial infarction: the Northern Manhattan Study. Am Heart J
2011;161(5):886e92.

[60] Warnick GR, Nauck M, Rifai N. Evolution of methods for measurement of HDL-
cholesterol: from ultracentrifugation to homogeneous assays. Clin Chem
2001;47(9):1579e96.

[61] Gerique G, Antonio J, Martin-Ballesteros B, García Sardina R, Esteban Sal�an M,
Fabiani Romero F, et al. Evaluaci�on multic�entrica de distintos m�etodos para la
determinaci�on de colesterol HDL directo con respecto al colesterol HDL de
precipitaci�on. Rev Lab Clinico 2012;5(1):18e27.

[62] Mora S. Nonfasting for routine lipid testing: from evidence to action. JAMA
Intern Med 2016;176(7):1005e6.

[63] Nordestgaard BG. A test in context: lipid profile, fasting versus nonfasting.
J Am Coll Cardiol 2017;70(13):1637e46.

http://refhub.elsevier.com/S1871-4021(18)30408-9/sref53
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref53
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref53
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref53
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref53
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref54
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref54
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref54
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref54
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref55
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref55
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref55
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref55
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref55
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref56
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref56
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref56
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref56
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref56
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref56
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref56
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref56
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref57
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref57
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref57
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref57
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref58
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref58
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref58
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref58
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref59
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref59
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref59
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref59
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref59
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref60
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref60
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref60
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref60
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref61
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref61
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref61
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref61
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref61
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref61
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref61
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref61
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref61
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref61
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref61
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref62
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref62
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref62
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref63
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref63
http://refhub.elsevier.com/S1871-4021(18)30408-9/sref63

	High triglycerides to HDL-cholesterol ratio is associated with insulin resistance in normal-weight healthy adults
	1. Introduction
	2. Methods
	2.1. Study design and population
	2.2. Sample type and analysis unit
	2.3. Procedures
	2.4. Eligibility criteria
	2.5. Variables definition
	2.5.1. Exposure: TG/HDL-C ratio
	2.5.2. Outcomes: IR and hyperinsulinemia after OGTT
	2.5.3. Other variables

	2.6. Statistical analysis
	2.7. Ethical considerations

	3. Results
	3.1. Characteristics of the study population
	3.2. Characteristics of the study population by TG/HDL-C ratio
	3.3. Characteristics of the study population based on IR
	3.4. Characteristics of the study population based on hyperinsulinemia after OGTT
	3.5. Correlations between the logarithmic values of TG/HDL-C ratio and the logarithmic values of HOMA-IR or serum insulin after OGTT
	3.6. Generalized linear models from Poisson family to assess the association between high TG/HDL-C ratio and IR or hyperinsuline ...

	4. Discussion
	4.1. Main findings
	4.2. Comparison with other studies
	4.3. Results interpretation
	4.4. Relevance and implications
	4.5. Limitations

	5. Conclusions
	Funding
	Competing interests
	Appendix A. Supplementary data
	References


