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Abstract: Background: Type 2 diabetes mellitus (DM) is an important disease with an impact on
public health globally. Early assessment is necessary with accessible markers, such as the TG/HDL
ratio, in predicting DM. Methods: A total of 11,653 subjects from the ELSA-Brazil were included in
this analysis and were reevaluated after 3.9 & 0.6 years of follow-up. Participants were classified
according to the quartiles of the TG/HDL index, stratified by sex. ANOVA with Bonferroni correction
and p-for-trend analysis were used to compare groups. Cox analysis was performed with adjustments
for covariables. Kaplan-Meier curves are presented with the log rank pool and linear analysis.
Results: From 11,653 participants (56% female; aged 50.5 & 8.7 years), 866 (7.8%) were diagnosed
with DM (7.2% in women and 7.8% in men). For both sexes, a worsening of the cardiometabolic
profile was observed across the increase in TG/HDL quartiles (p < 0.001). Incidence rates of DM
increased across TG/HDL quartiles for both men (from Q1 3.3% to Q4 12.8%) and women (from
Q1 3.3% to Q4 12.4%). For the entire period, the incidence was highest in participants in the fourth
quartile of TG/HDL (log rank analysis < 0.001 for both sexes). In the Cox regression analyses, for
men, the HR (95%CI) for risk of DM was 2.4 (1.49-3.26) across the fourth quartile of the TG/HDL
ratio, and in women it was 1.57 (1.11-2.22) for the third quartile and 2.08 (1.48-2.93) for the fourth
quartile, compared to the first quartile after adjustments. Conclusions: Higher levels of the TG/HDL
ratio were independently predictors of DM in both men and women.

Keywords: type 2 diabetes; TG/HDL ratio; diabetes prediction

1. Introduction

Type 2 diabetes mellitus (T2DM) is one of the most common endocrinopathies world-
wide, and exponential increases in its incidence are expected to take place in the following
years [1]. Insulin resistance (IR) is one of the key features of T2DM and is known to precede
overt hyperglycemia by years [2—4]. Strategies for predicting patients at higher risk of
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developing T2DM that could benefit from early clinical interventions could benefit from
the knowledge of the markers or surrogates of IR.

The gold standard for measuring IR is the hyperinsulinic euglycemic clamp technique,
a laborious test that is not clinically feasible in daily practice [5]. A commonly used alterna-
tive is the Homeostatic Model Assessment of Insulin Resistance (HOMA-IR), which lacks a
defined cutoff value and requires the measurement of insulin, an assay of high cost, and
poor standardization [6]. More simple and cost-effective biomarkers that are associated
with IR are, thus, desirable for screening individuals with an increased risk of developing
T2DM. The triglyceride to high-density lipoprotein cholesterol (TG/HDL-C) ratio has been
reported to be a reliable surrogate marker of IR. The rationale for using this ratio is that IR
is associated with increased triglyceride and reduced HDL-C concentrations. Hypertriglyc-
eridemia occurs because of an increased influx of non-esterified fatty acid concentrations,
hepatic overproduction of VLDL, increased intestinal chylomicron synthesis, and reduced
catabolism of VLDL and chylomicrons. Low HDL-C levels in this scenario are related to
the increased concentration of triglycerides inside these particles, making them prone to
catabolism [7].

The TG/HDL ratio has been studied as a surrogate marker of IR and a predictor of inci-
dent T2DM and cardiovascular disease in various studies with different populations [8-12].
Liu et al. performed a retrospective cohort study with 2571 Chinese individuals aged over
75 years and observed that higher TG/HDL-C ratios independently indicated a higher risk
of incident T2DM even after adjustment for confounders [8]. Yuge H et al. evaluated a
database of 120,613 adult Japanese patients (mean age of 44 years) from 2008 to 2017 and
found that the TG/HDL-C ratio was a strong predictor of T2DM within the period, even
after adjustments for age, sex, body mass index, systolic blood pressure, plasma glucose
levels, smoking, and exercise habits [12]. In the Brazilian population, Luz et al. studied
374 patients with coronary artery disease diagnosed through coronary angiography and
found a positive association between TG/HDL-C levels and the extent of coronary disease,
mainly when the ratio was >4 [13].

The goal of the present work was to evaluate the role of the TG/HDL-C ratio as a
predictor for incident diabetes in a Brazilian cohort.

2. Materials and Methods
2.1. Subjects

This study is a longitudinal analysis from the Brazilian Longitudinal Study of Adult
Health (ELSA-Brazil), a multicenter cohort study that aims to investigate biological, be-
havioral, environmental, and social factors related to the incidence and progression of
diabetes mellitus (DM) and cardiovascular disease. The methodological design has been
reported before [14,15]. Briefly, baseline examinations were conducted from 2008 to 2010.
ELSA-Brazil included 15,105 employees aged 35-74 years working in universities and
research institutions located in the northeast, southeast, and south regions of Brazil. All
15,105 participants were recruited to participate in this study; then, we applied the following
exclusion criteria: 3252 participants with missing data and 200 with very high triglyceride
and HDL-cholesterol values (triglyceride > 500 mg/dL and HDL-cholesterol > 100 mg/dL,
respectively) were excluded, and the final sample included 11,653 participants. First follow-
up (the second wave of ELSA-Brazil) occurred between 2012 and 2014, when all participants
were reevaluated. The study was approved by the local Ethics Committee and informed
consent was obtained from all participants.

2.2. Clinical and Laboratory

Interview and anthropometric data were collected by trained personnel using stan-
dardized questionnaires [16]. Participants had an initial interview at the job site and were
scheduled for clinical examination and laboratory tests in the Research Center. Sociodemo-
graphic and health factors included the age (years), sex (male or female), race/ethnicity
(Black, White, Mixed, Asian, and Indigenous), parental history of diabetes (yes or no),
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and educational level (considering a high educational level when the participant had a
graduation diploma) of the participants. For the present study, skin color was grouped into
white and non-white categories.

Anthropometric measurements were measured with participants wearing light cloth-
ing without shoes. Body weight and height were measured using calibrated electronic
scales and a fixed, rigid stadiometer. Body mass index (BMI) was calculated as weight
in kilograms divided by height in meters squared. Waist circumference was measured
according to the World Health Organization (WHO) technique using an inextensible tape.

Blood pressure was measured in a sitting position after a 5 min rest (Omron HEM
705CPINT device, Omron Co., Kyoto, Japan). Mean values of blood pressure were calcu-
lated after three measurements taken at 1 min intervals. A high education level was defined
by at least 11 years of education. Participants were classified as physically active at leisure
when they performed moderate- or high-intensity physical activity (>150 min or >75 min
per week, respectively).

Fasting glucose and 2 h post-load plasma glucose were collected at baseline and over a
mean 4 years of follow-up using the hexokinase method (ADVIA Chemistry; Siemens, Deer-
field, IL, USA). Glycated hemoglobin was measured by high-pressure liquid chromatogra-
phy (HPLC; Bio-Rad Laboratories, Hercules, CA, USA), a certified method according to
the National Glycohemoglobin Standardization Program (NGSP). The cholesterol profile
was determined using the enzymatic colorimetric method (ADVIA Chemistry; Siemens,
Deerfield, IL, USA), and HDL-C by the homogeneous colorimetric method without precipi-
tation. LDL-C concentrations were calculated using the Friedewald equation. Triglycerides
was quantified by the glycerophosphate peroxidase method according to the Trinder assay
(ADVIA Chemistry; Siemens, Deerfield, IL, USA). Insulin (Monobind, Lake Forest, CA,
USA) was determined using enzyme-linked immuno-enzymatic assays.

2.3. Definitions

Diabetes diagnosis was established by self-reported DM, use of antidiabetic medica-
tions, or when fasting plasma glucose > 126 mg/dL, 2h 75 g glucose post-load > 200 mg/dL,
or glycated hemoglobin > 6.5%. Pre-diabetes was defined as fasting plasma glucose be-
tween 100 and 125 mg/dL, 2 h 75 g glucose post-load between 140 and 199 mg/dL, or
glycated hemoglobin 5.7-6.4%, according to the American Diabetes Association [17].

Insulin sensitivity was evaluated by the Homeostasis Model Assessment (HOMA-
IR) Index, using the equation: HOMA-IR = (fasting insulin (nUI/mL) x fasting glucose
(mmol/L))/22.5, and additionally by the Triglycerides-Glucose Index (TyG index).

Hypertension was diagnosed when systolic or diastolic blood pressure levels were
>140 or 90 mmHg, respectively, or when an individual was using antihypertensive drugs.

2.4. Statistical Analysis

Continuous variables with a normal distribution were expressed as mean =+ standard
deviation (SD) and compared using Student’s t-test. Non-normally distributed variables
were expressed as median and interquartile range and compared using the Wilcoxon
rank test. Categorical variables were expressed as absolute and relative frequencies and
compared using the Chi-squared test.

Distributions of HOMA-IR and triglyceride levels were skewed and were log-transformed
before analysis to achieve normality. Values in tables were back transformed to the nat-
ural scale. Participants were evaluated according to the quartiles of the TG/HDL index,
stratified by sex. ANOVA with Bonferroni correction and p-for-trend analysis were used
to compare data among quartiles. Frequencies were compared using the Chi-squared test,
and linear-by-linear results are also presented in the p-for-trend column. Cox analysis was
performed with adjustments for covariables. Kaplan-Meier curves for men and women,
regarding the incidence of type 2 DM according to TG/HDL quartiles, are presented with
the log rank pool and linear analyses. Sensitivity analysis, excluding participants using
medications (antihypertensive and/or lipid-lowering agents), were conducted to assess
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their influence on variables. As the results did not change, data from the entire sample
are shown.

Analyses were performed using the Statistical Package for Social Science, version 17.0 for
Windows (SPSS Inc., Chicago, IL, USA), and statistical significance was set at a p-value of 0.05.

3. Results
Participants

The total sample included 11,653 participants (56% female) with a mean age (SD) of
50.5 (8.7) years. From those, 866 individuals were diagnosed with DM during the follow-up
period, representing an incidence rate of 7.8% at this point in time (7.2% in women and
7.8% in men), with a mean follow-up duration of 3.9 (0.6) years.

The sample was stratified by sex according to subgroups of TG/HDL quartiles, in-
cluding 5089 men and 6564 women. Mean (SD) concentrations of total TG/HDL for men
and women were 3.0 (1.9) and 1.9 (1.2; p < 0.005), respectively. Table 1 shows the main
characteristics of the sample according to TG/HDL quartiles and sex. No differences in age
and race/ethnicity were found among quartiles in men, but they were statistically different
in women. Mean values of anthropometric measurements, diastolic blood pressure, total
and LDL-cholesterol, triglycerides, fasting and 2 h plasma glucose, and HOMA-IR increased
across TG/HDL categories in both sexes (p < 0.001). Considering the p-for-trend analysis, we
could observe a worsening metabolic profile according to the increase in TG/HDL quartiles.

Table 1. Baseline characteristics according to quartiles of TG/HDL values at baseline for men (A) and
women (B).

A. Men
TG_HDL Quartiles
1 2 3 4
<?.69 1.69?<2.54 2.54?<3.85 ;??.85 p-value  p-for-trend
N 1260 1284 1267 1278
Age (years) 51 (9.5) 51 (9.5) 51 (8.7) 50 (8.5) 0.286 0.053
Race/Ethnicity, n (%) 0.127 0.021
e  White 667 (53.6) 669 (53.1) 724 (57.7) 695 (55.0)
e  Black 355 (28.5) 381 (30.2) 353 (28.1) 393 (31.1)
e  Mixed 178 (14.3) 176 (14.0) 144 (11.5) 140 (11.1)
e  Asian 27 (2.2) 22 (1.7) 17 (1.4) 18 (1.4)
e Indigenous 17 (1.4) 13 (1.0) 16 (1.3) 18 (1.4)
Higher educational level, n (%) 1071 (85.0) 1122 (87.4) 1093 (86.3) 1106 (86.5) 0.008 0.280
Pre-diabetes, n (%) 558 (44.3) 671 (52.3) 756 (59.7) 825 (64.6) <0.001 <0.001
Family history of DM, n (%) 378 (30.6) 400 (31.7) 433 (34.7) 447 (35.5) 0.024 0.003
Physically active, n (%) 452 (36.3) 372 (29.3) 306 (24.6) 270 (21.5) <0.001 <0.001
Smoking, n (%) 114 (23.2) 132 (23.2) 132 (23.2) 181 (26.5) 0.187 0.078
Body mass index (kg/m?) 24.6 (3.6) 27.2(3.8)2 27.3 (4.1)ab 28.0 (3.9) abe <0.001 <0.001
Waist circumference (cm) 87.8 (10.5) 93.0 (10.5) 2 96.3 (10.9) 2P 98.2 (10.1) &b <0.001 <0.001
Systolic BP (mmHg) 122 (16) 123 (15) 124 (16) @ 126 (16) @P <0.001 <0.001
Diastolic BP (mmHg) 76 (11) 77 (10) @ 79 (10) 2P 81 (10) @b <0.001 <0.001
Total cholesterol (mg/dL) 187.8 (35.8) 194.4 (37.7) 2 202.4 (39.6) P 209.1 (40.6) @bc  <0.001 <0.001
HDL-cholesterol (mg/dL) 58.0 (11.3) 49.0(8.2)2 453 (7.4)ab 41.7 (6.8) b <0.001 <0.001
LDL-cholesterol (mg/dL) 113.0 (31.7) 122.8 (33.4) 2 126.8 (34.8) *®  119.2(38.1)2b<  <0.001 <0.001
Triglycerides (mg/dL) # 69.6 (16.1) 101.9 (18.8) 2 140.4 (26.9) 2> 233.8 (70.4) @bc  <0.001 <0.001
Fasting glucose (mg/dL) 99.0 (8.3) 101.0 (8.0) 102.2 (8.3) @b 103.4 (8.4) @bc  <0.001 <0.001
2 h glucose (mg/dL) 111.1 (26.8) 115.9 (27.0) @ 1245 (27.7) &b 129.5 (27.9) <0.001 <0.001
HbA1lc (%) 5.1 (0.5) 5.2 (0.5) 5.2(0.5)2 5.2(0.5)2 <0.001 <0.001
HOMA-IR # 2.0(1.2) 26(1.8)2 3.2 (2.0) &b 3.8 (2,2) 2be <0.001 <0.001
TG/HDL ratio 1.2 (0.3) 21(02)2 3.1 (0.4) 2P 5.7 (1.7) &b <0.001 <0.001
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B. Women
TG_HDL Quartiles
Q1 Q2 Q3 Q4
<1.13 1.13-<1.63 1.63-<2.39 >2.39 p-value  p-for-trend
N 1617 1660 1636 1651
Age (years) 50 (8.6) 50 (8.5) 52 (8.8) @b 52 (8.3) &P <0.001 <0.001
Race/Ethnicity, n (%) <0.001 0.434
e  White 852 (53.3) 881 (53.8) 869 (53.5) 878 (53.4)
e  Black 381 (23.8) 418 (25.5) 441 (28.8) 474 (28.8)
e  Mixed 322 (20.1) 286 (17.5) 249 (15.3) 214 (13.0)
e Asian 37 (2.3) 46 (2.8) 52 (3.2) 56 (3.4)
e Indigenous 8 (0.5) 7 (0.4) 12 (0.7) 22 (1.3)
Higher educational level, n (%) 1534 (94.9) 1558 (93.9) 1487 (90.9) 1498 (90.7) <0.001 <0.001
Pre-diabetes, n (%) 359 (22.2) 498 (30.0) 596 (36.4) 811 (49.1) <0.001 <0.001
Family history of DM, n(%) 571 (35.7) 610 (37.1) 653 (40.3) 656 (40.1) 0.015 0.002
Physically active, n(%) 393 (24.7) 342 (21.0) 330 (20.4) 266 (16.4) <0.001 <0.001
Smoking, n (%) 114 (23.0) 181 (31.9) 173 (29.2) 202 (30.3) 0.009 0.038
Body mass index (kg/m?) 24.7 (4.1) 25.8 (4.5)2 27.3 (4.9) @b 28.4 (4.9) @b <0.001 <0.001
Waist circumference (cm) 80.5 (10.2) 84.4(11.3)2 88.5 (11.5) @b 91.9 (11.4) @b <0.001 <0.001
Systolic BP (mmHg) 113 (14.9) 114 (15.4) @ 117 (16.1) @b 119 (15.7) @be  <0.001 <0.001
Diastolic BP (mmHg) 71 (9.6) 72(9.7) 2 74 (10.0) @b 76 (9.8) abc <0.001 <0.001
Total cholesterol (mg/dL) 192.3 (33.9) 197.2 (36.5) 2 204.2 (38.6) @0 212.7 (40.8) @P<  <0.001 <0.001
HDL-cholesterol (mg/dL) 69.0 (11.7) 60.0 (103) @ 55.3 (9.7) @b 48.8 (8.4) b« <0.001 <0.001
LDL-cholesterol (mg/dL) 108.0 (29.0) 118.0 (29.0) 2 124.6 (345) 2P 1273 (36.3) 2P <0.001 <0.001
Triglycerides (mg/dL) * 59.0 (12.8) 81.8(15.3)2 108.4(21.2) @b 170.9 (54.5) <0.001 <0.001
Fasting glucose (mg/dL) 94.2 (7.6) 96.0 (7.9) 2 97.6 (8.4) b 99.9 (8.6) ab«e <0.001 <0.001
2 h glucose (mg/dL) 105.6 (23.7) 113.0 (24.9) 2 120.6 (26.8) P 128.8(27.1) @< <0.001 <0.001
HbA1lc (%) 5.1(0.5) 5.1(0.5) 5.2(0.5)2 5.2 (0.5) &b <0.001 <0.001
HOMA-IR # 1.8 (1.0) 23(1.6)2 2.8 (1.7)ab 3.4 (2.1) abe <0.001 <0.001
TG/HDL ratio 0.9 (0.2) 1.4(0.1)2 2.0 (0.2) @b 3.6 (1.3) abe <0.001 <0.001

BP, blood pressure; HbAlc, glycated hemoglobin. Values are means (SD) or n (%). # Variables log transformed for
the analysis. Chi-squared test or ANOVA with Bonferroni correction. # Versus Q1, b versus Q2, and € versus Q3.
p-for-trend or linear-by-linear analysis.

Incidence rates of DM increased across TG/HDL quartiles for both sexes (Figure 1).
We observed that the incidence rate increased 3- to 4-fold from the first to the fourth quartile
for men (Q1 3.3%, Q2 4.3%, Q3 8.1%, and Q4 12.8%) and for women (Q1 3.3%, Q2 5.6%,
Q39.7%, and Q4 12.4%).

According to the Kaplan—-Meier curve analysis, incidence rates of DM for the entire
period of the four-year follow-up were higher in participants in the fourth quartile of
TG/HDL for both men and women (Figure 2).

For men, after adjustments for age in the Cox regression analyses (Table 2), the risk for
DM was significantly higher across the four quartiles of TG/HDL, persisting even after full
adjustments in model 2 for age, BMI, blood pressure, pre-diabetes, family history of diabetes
mellitus, physical activity at baseline, race, and HOMA-IR. For women, the association of
DM incidence for the third and fourth quartiles persisted after all the adjustments (age,
BMI, blood pressure, pre-diabetes, family history of diabetes mellitus, physical activity at
baseline, race, and HOMA-IR). We observed that these risks, for both sexes, also persisted
after adjustments for proxies of insulin resistance at baseline: HOMA-IR, blood pressure,
and total cholesterol.
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Incidence of diabetes according to
quartile of TG/HDL ratio and sex

15
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5 1 i
; | ]
Q1 Q2 Q3 Q4

Men (%) ®Women (%)

Figure 1. Incidence of diabetes according to quartiles of the TG/HDL ratio at baseline in men and
women. Men: first quartile, Q1, <1.69; second quartile, Q2, 1.69 to <2.54; third quartile, Q3, 2.54 to
<3.85; forth quartile, Q4, >3.85. Women: first quartile, Q1, <1.13; second quartile, Q2, 1.13 to <1.63;
third quartile, Q3, 1.63 to <2.39; forth quartile, Q4, >2.39.
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Figure 2. Cont.
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23 23 19 7 Events Q2
1588 1611 1634 1653 1660 Number at risk

43 39 36 15 Events Q3
1503 1546 1585 1621 1636 Number at risk

60 66 55 31 Events Q4
1439 1499 1565 1620 1651 Number at risk

Figure 2. Kaplan—-Meier curves regarding the incidence of diabetes after 4-year follow-up according
to TG/HDL quartiles at baseline in men and women from the ELSA-Brazil.

Table 2. Association of quartiles of TG/HDL values at baseline with incidence of diabetes in men
and women, by Cox regression analysis.

Crude Model 1 Model 2
Men HR (95%CI) HR (95%CI) HR (95%CTI)

Q1 1 1 1

Q2 1.75 (1.19-2.56) 1.78 (1.21-2.60) 1.39 (0.92-2.12)
Q3 3.07 (2.16-4.36) 3.15 (2.22-4.48) 1.82 (1.23-2.71)
Q4 3.95 (2.81-5.55) 4.16(2.96-5.85) 2.20 (1.49-3.26)

Women

Q1 1 1 1

Q2 1.32 (0.93-1.89) 1.30 (0,91-1,86) 1.13 (0.78-1.65)
Q3 2.51 (1.83-3.46) 2.38 (1.73-3.27) 1.57 (1.11-2.22)
Q4 4.11 (3.04-5.55) 3.87 (2.86-5.23) 2.08 (1.48-2.93)

HR, hazard ratio. Q, quartile. Men: first quartile, Q1, <1.69; second quartile, Q2, 1.69 to <2.54; third quartile,
Q3, 2.54 to <3.85; forth quartile, Q4, >3.85. Women: first quartile, Q1, <1.13; second quartile, Q2, 1.13 to <1.63;
third quartile, Q3, 1.63 to <2.39; forth quartile, Q4, >2.39. Model 1: Adjusted for age. Model 2: Adjusted for age,
BMI, blood pressure, pre-diabetes, family history of diabetes mellitus, physical activity at baseline, race, and
HOMA-IR.
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According to Figure 3, the area under the curve was similar in women (0.66) and in

men (0.64). The optimal TG/HDL cutoff was 1.72 for women and 2.78 for men.

A. Men

10

Sensitivity
04 06 08
I

02
L

00

T T T
10 05 00
Specificity

Area under ROC curve = 0.6487; 95%ClI: (0.6215, 0.6759)

Estimate Cutoff value: 2.785 (Youden J index)
58.3% Sensitivity

65.1% Specificity

95.2% Positive predictive value

B. Women
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Area under ROC curve = 0.6604; 95%CI: (0.6355, 0.6852)

-05

Estimate Cutoff value: 1.725 (Youden ] index)
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70.2% Specificity

96.1% Positive predictive value

Figure 3. ROC curve of the TG/HDL ratio at baseline for incidence of diabetes after a 4-year

follow-up.
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4. Discussion

Our Brazilian longitudinal cohort followed 11,653 individuals, 56% of whom were
women, for 3.9 (0.6) years, and had some interesting findings. The first was that the
mean values of anthropometric measurements, diastolic blood pressure, total and LDL-
cholesterol, triglycerides and fasting and 2 h plasma glucose, and HOMA-IR (components of
Metabolic Syndrome—MetS) increased across TG/HDL categories in both sexes (p < 0.001).
During the study, 866 individuals were diagnosed with DM during the follow-up period,
representing an incidence rate of 7.8%. Second, we also found that incidence rates of DM
increased across TG/HDL quartiles for both sexes: 3- to 4-fold from the first to the fourth
quartile for men (Q1 3.3%, Q2 4.3%, Q3 8.1%, and Q4 12.8%) and women (Q1 3.3%, Q2 5.6%,
Q3 9.7%, and Q4 12.4%). Third, we analyzed the ROC curve of the TG/HDL ratio at
baseline for incidence of diabetes after a four-year follow-up, and the curve was similar in
women (0.66) and in men (0.64). The optimal TG/HDL cutoff was 1.72 for women and 2.78
for men.

The increase in the incidence of MetS and DM is a public health problem because it
significantly increases cardiovascular atherosclerotic disease [18]. Recent World Health
Organization (WHO) data showed that in 2019, 32% of deaths were attributed to cardio-
vascular disease [19]. There is a lot of clinical evidence showing that LDL-C is related
to poor cardiovascular outcomes, but there are several patients who remain in peril for
cardiovascular disease (CVD) events, despite optimal LDL-C control [20]. Therefore, it
is plausible that other markers exist as etiology in cardiovascular disease, with TG/HDL
being a possible parameter.

Several other studies corroborate our data. In our population, the higher the TG/HDL
ratio, the greater the chance of developing DM. A recent study evaluated 120,613 partici-
pants from the health examination database at Panasonic Corporation from 2008 to 2017 to
investigate the association between lipid profiles, particularly the ratio of TG/HDL-C and
the development of type 2 DM (T2DM). The authors concluded that the ratio of TG/HDL-C
was found to be a stronger predictor of T2DM development within 10 years than LDL-C,
HDL-C, or TG, indicating that it may be useful in future medical treatment support [12].

Our results, using the adjusted TG/HDL ratio, showed that for men, after adjustments
for age in the Cox regression analyses, the risk for DM was significantly higher across
the four quartiles of TG/HDL, persisting even after full adjustments in model 2 for age,
BMI, blood pressure, pre-diabetes, family history of diabetes mellitus, physical activity at
baseline, race, and HOMA-IR. For women, the association of DM incidence for the third and
fourth quartiles persisted after all the adjustments (age, BMI, blood pressure, pre-diabetes,
family history of diabetes mellitus, physical activity at baseline, race, and HOMA-IR).

Also, in line with DM prediction and with our data, a Korean study evaluated 8655
participants aged 40 to 69 years without diabetes and divided the TG/HDL-C ratio into
quartiles. During the 12-year follow-up period, type 2 diabetes developed in 1437 subjects
(16.6%); compared to the reference first quartile, the HRs (95% Cls) of incident type 2
diabetes in the second, third, and fourth quartiles increased in a dose-response manner
after adjusting for potentially confounding variables, with results very similar to ours. They
concluded that a high TG/HDL-C ratio at baseline may be a useful surrogate indicator of
future incident type 2 diabetes [21].

Another Chinese study evaluated lipid parameters in patients with coronary heart
disease, looking at the association of the TG/HDL ratio with the risk of pre-diabetes and
DM. There was a significant correlation between lipid parameters and the risk of pre-
diabetes and DM, especially a strong correlation with the TG/HDL ratio. This study, in
line with our results, demonstrated sex-specific elevated TG/HDL values as a risk factor
for DM. These results revealed that high TG/HDL levels are a risk factor for pre-diabetes
and DM, with a different cutoff point between men and women [22].

We observed that a worsening metabolic profile was associated with the increase in
TG/HDL quartiles. Similar to that, another study followed 403,335 participants from the
UK Biobank without cardiovascular disease for an average of 8.1 years and showed that
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elevated baseline TyG index and TG/HDL-C ratio were associated with a higher risk of CVD
after adjustment for the well-established CVD risk factors. These associations were largely
mediated by greater prevalence of dyslipidemia, type 2 diabetes, and hypertension [23].

The TG/HDL-C ratio can be a predictor of MetS in healthy populations as well. A
Mexican study, including 813 subjects with an average age of 38.6 &+ 12.1 years, showed an
association between high TG/HDL-C index and low insulin sensitivity (odds ratio (OR):
4.09; p < 0.01) and with MetS (OR: 15.29; p < 0.01). They concluded that with these results,
the TG/HDL-C ratio could be a reference criterion of risk for low insulin sensitivity and
MetS [24]. An interesting study published by Dr. Reaven himself, who introduced the
concept of insulin resistance syndrome, later widely known as MetS, concluded that a high
TG/HDL ratio can be as effective as the MetS classification in identifying insulin resistance
and in predicting the development of CVD [25].

It is interesting to note that the TG/HDL ratio has been shown to be an important
predictor of MetS even in the pediatric population. An Italian study followed 1065 children
and adolescents (563 female and 502 male), aged 14.6 & 2.1 years (range 10-17), with severe
obesity and assessed metabolic syndrome using the International Diabetes Federation
criteria [26]. The presence of MetS was found in 324 patients (30.4%): 167 males (33.3%)
and 157 females (27.9%). As in our study, they performed an ROC curve analysis with a
specificity of the TG/HDL ratio of 0.85 [27].

The relationship between a higher TG/HDL ratio and MetS was demonstrated in our
population, who were aged 50.5 (8.7) years, but this also occurs in older populations. A
Chinese study evaluated 1267 elderly people (age > 65 years) and correlated the TG/HDL
ratio and metabolic syndrome. They found that the TG/HDL-C ratio showed a significant
positive correlation with MetS (r = 0.420; p < 0.001) even after adjusting for blood pressure,
blood glucose, age, sex, and body mass index. They found that a TG/HDL-C ratio of 1.49
can be used as the critical value for a higher risk of metabolic syndrome. We did the same,
but we evaluated the critical value for a higher risk of DM: the optimal TG/HDL cutoff
was 1.72 for women and 2.78 for men [28].

Regarding the cutoff points found in this study, we observed that they are similar to
those found in previous literature, but we see that in the Brazilian population, there is a
difference even between men and women. We emphasize that there is a difference from the
cutoff point found in the literature; however, our sample is representative and included
participants from various regions of the country. We reinforce that the values observed
here apply to the Brazilian population [29].

This study has some limitations that should be considered. Our study included all
ELSA-Brazil participants without considering the use of medications for dyslipidemia;
however, extreme values of cholesterol and triglycerides were excluded from the sample.
As shown, the sample was composed of overweight individuals with a borderline increased
abdominal circumference. There is a high risk of insulin resistance in overweight individu-
als with T2DM, and were unable to evaluate visceral obesity using direct measurements
for visceral fat [30]. However, insulin resistance was considered as an adjustment variable
in statistical models. As strengths, we highlight the large sample size, that we took into
account sex differences, the longitudinal cohort, and that all information and measures
were collected under strict quality control [31]. In addition, we adjusted the analysis by
several potential confounders.

5. Conclusions

In conclusion, we found a strong correlation between the TG/HDL ratio and DM in
an adult Brazilian population with sex-specific cutoff points. Furthermore, the incidence of
DM was higher in individuals with higher levels of the TG/HDL ratio, with the optimal
TG/HDL cutoff being 1.72 for women and 2.78 for men.
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