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Abstract: The triglyceride-to-high-density lipoprotein-cholesterol (TG/HDL-c) ratio is a simple but
effective indicator of metabolic imbalance that characterizes metabolic syndrome (MetS) and can
consequently indicate a higher cardiovascular risk. It may, therefore, be useful in identifying a high
risk for cardiometabolic diseases according to the onset of obesity. The aim of this study was to
evaluate the association between MetS and the stage of life at obesity onset and to establish the cutoff
point for the TG/HDL-c ratio as a marker of MetS in women with severe obesity. Forty-seven women
who were to undergo bariatric surgery were evaluated. Anthropometric and metabolic parameters
were measured, and the TG/HDL-c ratio was calculated. The volunteers were grouped according to
their stage of life at obesity onset. A receiver operating characteristic (ROC) curve was constructed to
define cutoff points for the TG/HDL-c ratio as predictors of MetS. Women who developed obesity
early (during infancy/adolescence) had higher weight (p = 0.008), body mass index (p = 0.031), and
hip circumference (p = 0.036) than those who developed obesity later (in adulthood); however, no
association was found between obesity onset and MetS. The cutoff points for the TG/HDL-c ratio
that were established for those who developed early or late obesity were 2.30 and 2.19, respectively.
Although the stage of life at the onset of obesity was not related to MetS, different cutoff points for
the TG/HDL-c ratio were observed.

Keywords: cardiovascular syndrome; metabolic; obesity; childhood obesity onset; adiposity;
insulin resistance

1. Introduction

Metabolic syndrome (MetS) is a set of metabolic dysregulations that includes visceral
obesity, insulin resistance (IR), systemic arterial hypertension, and dyslipidemia. This set of
factors is associated with the development of type 2 diabetes mellitus (DM2), acceleration
of atherosclerosis, and increased cardiovascular risk [1]. A positive family history of MetS,
unhealthy eating habits, physical inactivity, smoking, and being overweight in childhood
are risk factors for MetS in adulthood [2]. However, it is still unknown whether childhood
obesity provides an independent risk for an individual’s level of adiposity in adulthood, or
whether weight loss abolishes the metabolic disease risks associated with early obesity [3].

The criteria for the diagnosis of MetS include the presence of central obesity, hyperten-
sion, hyperglycemia, and dyslipidemia [4]. Considering that IR is an indisputable risk factor
for MetS, the identification of another predictive marker for IR can be useful for screening
individuals at risk of developing MetS [5]. The triglyceride-to-high-density lipoprotein
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cholesterol (TG/HDL-c) ratio is a practical and easy-to-apply test in clinical practice, and
different studies have highlighted this ratio as a simple and effective measure for IR identi-
fication [6–11] and for the risk of cardiovascular events in the general population [12]. The
TG/HDL-c ratio was able to identify metabolic abnormalities in eutrophic women [6], IR in
individuals with DM1, and be a predictor of DM2 in a cohort of African Americans and
Hispanics [8], as well as a predictor of MetS in the elderly Chinese population, highlighting
the possibility of its application in different health conditions and ethnicities [9]. However,
to date, no study has evaluated the TG/HDL-c ratio as a predictor of MetS in adults with
severe obesity.

The TG/HDL-c ratio has also been suggested for use in recognizing MetS in children
and adolescents with severe obesity [10,11]. As highlighted by Radetti et al. (2022) [10],
the cutoff for the TG/HDL-c ratio as a predictor of MetS can change over the years, which
reinforces the importance of studies evaluating this ratio with the MetS outcome in different
age groups. This has raised questions about the relationship between the age of obesity
onset and the TG/HDL-c ratio as a risk factor for MetS. We hypothesized that the stage
of life at obesity onset has an impact on metabolic health, and that the TG/HDL-c ratio
is a possible marker for identifying MetS. Thus, this study first aimed to evaluate the
association between MetS and the stage of life at obesity onset. Second, the study aimed to
establish the TG/HDL-c ratio as a marker of MetS in women with severe obesity who were
to undergo bariatric surgery, considering the early and late onset of obesity. Although we
did not find an association between MetS and the stage of life at obesity onset, we identified
the TG/HDL-c ratio as a possible predictor of MetS, and we suggest different cutoff points
for the early or late onset of obesity.

2. Materials and Methods
2.1. Participants

This cross-sectional and analytical pilot study was approved by the Research Ethics
Committee of the Federal University of Goiás and the State Hospital of Goiânia, Dr. Alberto
Rassi (nº 961/19). Based on the study by Chen et al. (2015) [9], the TG/HDL-c ratio was
considered the primary outcome. Accordingly, the sample size was calculated using the G
Power software, version 3.1, with the following parameters: independent t-test, α = 0.05,
power (1 − β) = 0.80, and effect size (d) = 0.77 [9], resulting in an estimated sample size
of 56 participants. Recruitment had to stop due to the COVID-19 pandemic, so the total
number of voluntaries included was 47. Thus, we performed the sampling power for
47 volunteers, and it was 85%.

The recruitment period was between July and December 2019, and the exclusion
criteria were as follows: having acute inflammatory diseases, infectious diseases, neo-
plastic diseases, or genetic syndromes; alcohol consumption (>30 g/day) [13]; and using
illicit drugs.

The hospital’s nursing team provided a list of patients who were eligible for bariatric
surgery, and a trained and authorized member of the research group was present at the
first outpatient appointment to invite women with a body mass index (BMI) ≥ 40 kg/m2,
aged 20 to 59 years, to participate in the study. Accordingly, 47 women were included in
this study.

2.2. Study Design

Biochemical tests were scheduled for the same day as that of the registered dietitian
consultation. Volunteers were instructed to fast and meet with one of the researchers at
the hospital to be taken to the laboratory. In the laboratory, after blood collection, a trained
member of the research team collected basic information such as age, sex, income, education,
medication, and the stage of life at which obesity was first observed and performed
anthropometric assessments.
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2.3. Measurements
2.3.1. Anthropometric Measurements

The measures used to obtain the anthropometric assessment were weight, height,
and waist and hip circumferences (WC and HC, respectively). To measure the weight, the
volunteers wore light clothes without shoes and were positioned at the center of a scale
(Tanita-UM 080 Digital; maximum weight, 150 kg). To measure the height, an inextensible
measuring tape was used on a wall upon which the volunteers touched the back of their
neck, buttocks, and heels. The volunteers were instructed to be in an upright position,
barefoot, and with arms extended along the body [14].

The WC was measured with the volunteers standing, after expiration, at the midpoint
between the last rib and iliac crest [14]. The HC was obtained from the largest identified
diameter [14]. All measurements were taken twice by the same trained researcher to obtain
an average value, using an inextensible tape with 0.1 cm precision. BMI was obtained by
dividing the weight (kg) by height squared (m2) and was classified according to the World
Health Organization criteria [14].

2.3.2. Blood Analysis

The women who agreed to participate in the study underwent the following tests:
fasting blood glucose, insulin, lipid profile (LDL-c, HDL-c, total cholesterol, triglycerides),
and glycated hemoglobin (HBA1c). Blood samples were drawn through peripheral vein
puncture of the forearm after a 12 h overnight fast by qualified nurses. Insulin resistance
was determined based on the homeostasis model assessment for insulin resistance (HOMA-
IR), by calculating the fasting glucose and immunoreactive insulin values, and using the
following formula: [fasting glucose (mg/dL) × immunoreactive insulin (mU/L)]/405 [15].
The reference value for HOMA-IR was: <3.60 [16]. The blood pressure values were obtained
from the last medical record.

For the TG/HDL-c ratio, the volunteers were classified using the reference value for IR
(>3.0) because of the absence of the value for MetS, as in the study carried out by Borrayo
et al. (2018) [6]. For the analysis of the stage of life at which obesity began, the stages
of life were classified as early (≤18 years) or late (>18 years) [17]. The participants were
asked how old they were when they started to gain excessive weight, and if they did not
remember, they were asked at what stage of life, whether in childhood or adulthood.

2.4. MetS Classification

Patients were identified with MetS using the criteria recommended by the International
Diabetes Federation (2006) [4]. The criteria are a high WC (>80 cm) associated with two
or more additional factors. The other factors include the diagnosis of diabetes or altered
fasting glucose (>100 mg/dL), undergoing treatment for systemic arterial hypertension or
having systolic blood pressure ≥ 130 mmHg and/or diastolic blood pressure ≥ 85 mmHg,
and undergoing treatment for dyslipidemia or having a triglyceride level > 150 mg/dL or
HDL-c level < 50 mg/dL.

2.5. Statistical Analysis

The statistical analysis was performed using IBM SPSS Statistics for Windows, version
24.0 (IBM Co., Armonk, NY, USA). Continuous variables are presented as the mean ± standard
deviation. Continuous data are presented as absolute frequencies and percentages (%).
A Chi-square or Fisher’s exact test was used to compare the categorical variables. Data
distribution was assessed using the Kolmogorov–Smirnov test. Data that did not follow
the normality curve were standardized using a Z-score. The odds ratio was calculated
based on the variables of the stage of life at the beginning of obesity development and the
presence of MetS.

The receiver operating characteristic (ROC) curve was explored and constructed to
compare the anthropometric and metabolic parameters with the TG/HDL-c ratio and to
establish cutoff points for the TG/HDL-c fraction as predictors of MetS, according to the
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life stage of obesity onset. After establishing the cutoff point of the fraction, sensitivity was
defined as the probability of fraction measurements that correctly classified individuals with
MetS (true positives). Specificity was defined as the probability of fraction measurements
to correctly classify participants who did not have OSA (true negatives).

The area under the ROC curve (AUC) was used as a global measure of the general
precision of the fraction as a predictor of MetS, in which an area of 1 corresponds to 100%
sensitivity and 100% specificity, and, therefore, represents a perfect test to discriminate
individuals. Accordingly, the AUC was classified into the following categories: no discrim-
ination, acceptable, excellent, and outstanding discrimination with values of 0.5, greater
than 0.6 and less than 0.7, greater than 0.7 and less than 0.8, greater than 0.8 and less than
0.9, and greater than 0.9, respectively [18]. The shortest distance on the ROC curve was
calculated using the function

√
(1—sensitivity2) + (1—specificity2) [19].

The effect sizes were calculated using Cohen’s d formula and classified as small
(d = 0.2), medium (d = 0.5), or large (d = 0.8). Statistical significance was set at α ≤ 0.05.

3. Results

The average age and BMI of the included women were 40 years and 48.38 kg/m2,
respectively. The prevalence of MetS in the analyzed samples was 76.59% (n = 36). The
MetS parameters that were most altered, in addition to BMI and WC (prevalence, 100%),
were high systolic blood pressure (82.2%) and reduced HDL-c levels (66%). The prevalence
of altered glucose and triglyceride levels and diastolic blood pressure was similar, as shown
in Table 1. The prevalence of the reported diseases was 25.5% for DM2 and 59.6% for
systemic arterial hypertension.

Table 1. General characteristics.

Variable Total Sample (n = 47)
(Mean + SD)

% of MetS Parameters
Altered *

Age (years) 40.68 ± 8.63 -
Weight (kg) 122.22 ± 17.74 -
Height (m) 1.59 ± 0.60 -

BMI (kg/m2) 48.38 ± 6.72 100%
WC (cm) 130.93 ± 12.34 100%
HC (cm) 145.24 ± 13.45 -

WHR 0.903 ± 0.06 -
Glucose (mg/dL) 114.55 ± 48.34 46.8%

Fasting Insulin (µUI/mL) 27.10 ± 14.27 -
HOMA-IR 7.06 ± 3.77 -
HBA1c (%) 6.315 ± 1.30 -

QUICKI 0.29 ± 0.02 -
TG (mg/dL) 146 ± 65.60 42.6%

HDL-c (mg/dL) 46.79 ± 10.35 66%
TG/HDL-c 3.32 ± 1,87 -

SBP (mmHg) 138.42 ± 14.63 82.2%
DBP (mmHg) 85.80 ± 9.57 44.4%

WC, waist circumference; HC, hip circumference; WHR, waist-to-hip circumference ratio; HBA1c, glycated
hemoglobin; QUICKI, quantitative insulin sensitivity check index; TG, triglycerides; HDL-c, high-density lipopro-
tein cholesterol; TG/HDL-c, serum triglyceride-to-HDL-c ratio; SBP, systolic blood pressure; DBP, diastolic blood
pressure; CRP, C-reactive protein. * Classified according to the International Diabetes Federation, 2006 [4].

3.1. Early Age Obesity Development (<18 Years)

Table 2 shows that a majority of the sample (63.83% (n = 30)) reported having de-
veloped obesity in adulthood, and only 36.17% reported developing it at an early age.
Women who developed obesity early had a mean weight of 131.17 kg and a mean BMI
of 51.16 kg/m2, characterizing severe obesity. As expected, the WC and HC values were
above the cutoff points, presenting mean values of 135.40 cm and 150.66 cm, respectively.
All lipid profiles were altered except for the TG. The mean TG obtained was 137.12 mg/dL,
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while the HDL-c value was below the recommended value at 48.41 mg/dL. Thus, the mean
value obtained from the TG/HDL-c ratio was 3.12.

Table 2. Association of the life stage at obesity onset with anthropometric and metabolic parameters
and metabolic syndrome prevalence.

Variable Early (n = 17)
(Mean + SD)

Late (n = 30)
(Mean + SD) p * Effect Size

Weight (kg) 131.17 ± 20.61 117.15 ± 13.83 0.008 0.800
Height (m) 1.60 ± 0.05 1.58 ± 0.06 0.366 0.362

BMI (kg/m2) 51.16 ± 7.26 46.81 ± 5.95 0.031 0.655
WC (cm) 135.40 ± 14.54 128.39 ± 10.32 0.061 0.556
HC (cm) 150.66 ± 14.89 142.17 ± 11.73 0.036 0.633

WHR 0.901 ± 0.08 0.905 ± 0.058 0.866 0.096
Glucose (mg/dL) 106.41 ± 35.07 119.17 ± 54.47 0.391 0.278

Fasting Insulin
(µUI/mL) 33.48 ± 19.03 23.49 ± 9.26 0.055 0.667

QUICKI 0.29 ± 0.016 0.29 ± 0.02 0.159 0
HOMA-IR 7.23 ± 3.55 6.96 ± 3.94 0.814 0.072
HBA1c (%) 6.147 ± 1.09 6.410 ± 1.42 0.513 2.077

SBP (mmHg) 140.31 ± 13.32 137.38 ± 15.44 0.526 0.203
DBP (mmHg) 86.19 ± 7.952 85.59 ± 10.49 0.843 0.010
TG (mg/dL) 137.12 ± 61.37 151.03 ± 68.38 0.491 0.214

HDL-c 48.41 ± 12.96 45.87 ± 8.65 0.424 0.230
WC, waist circumference; HC, hip circumference; WHR, waist-to-hip circumference ratio; QUICKI, quantitative
insulin sensitivity check index; HOMA-IR, homeostasis model assessment of insulin resistance; HBA1c, glycated
hemoglobin; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglycerides; HDL-c, high-density
lipoprotein cholesterol; CRP, C-reactive protein. * General Linear Model (GLM).

Regarding the glycemic profile, the average blood glucose level was above the ref-
erence values [4]; the patients presented with hyperinsulinemia, and thus, with altered
HOMA-IR and QUICKI, indicating insulin resistance and a low tolerance to glucose. Finally,
the volunteers presented with high mean SBP and DBP. All the variables are presented in
Table 2.

3.2. Late Age Obesity Development (>18 Years)

Women who developed obesity in adulthood also had severe obesity despite lower
anthropometric measurements compared to the previous group. The mean weight and
BMI obtained were 117.15 kg and 46.81 kg/m2, respectively. Likewise, the WC (128.39 cm)
and HC (142.17 cm) were both above the cutoff point. All metabolic parameters exhibited
altered values, as shown in Table 2.

The volunteers presented with a suggestive state of insulin resistance with low glucose
tolerance, as verified by the HOMA-IR and QUICKI values (Table 2), due to elevated blood
glucose and insulin values. The SBP, DBP, and TG levels were slightly altered, whereas the
HDL-c level was below the recommended level. The TG/HDL-c ratio obtained from these
values was 3.43.

3.3. Difference between Groups

Women who developed obesity early had higher averages for weight (p = 0.008), BMI
(p = 0.031), and HC (p = 0.036) than those who developed late obesity, as shown in Table 2.
Compared to the reference values, both groups showed high concentrations of glucose,
high HOMA-IR, and low levels of HDL-c; however, there was no difference between them.
The TG levels were only altered in the late obesity group. Although HBA1c levels did not
show a significant difference between the groups (p = 0.513), the effect size was considered
large (d = 2.077).

No difference was found in the incidence of MetS between women who developed
obesity in adulthood (69.45%, n = 25) and those who had obesity onset at an early age
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(30.55%, n = 11). Similarly, when analyzing the presence of altered MetS parameters and
obesity onset, there was no statistically significant difference (Fisher’s exact test, p = 0.11)
(Table 3).

Table 3. Association of the presence or absence of alterations related to MetS parameters with the life
stage at obesity onset.

Presence Absence

Variable Early Late Total Early Late Total p

Diabetes 17.6% 30% 25.5% 82.4% 70% 74.5% 0.351
Glucose * 29.4% 56.7% 46.8% 70.6% 43.3% 53.2% 0.072

SAH 47.1% 66.7% 59.6% 52.9% 33.3% 40.4% 0.188
SBP * 81.3% 82.8% 82.2% 18.8% 17.2% 17.8% 0.899
DBP * 43.8% 44.8% 44.4% 56.3% 55.2% 55.6% 0.944
TG * 47.1% 40% 42.6% 52.9% 60% 57.4% 0.638

TG/HDL-c ** 41.2% 46.7% 44.7% 58.8% 53.3% 55.3% 0.716

MetS, metabolic syndrome; SAH, systemic arterial hypertension. * Glucose; SBP, systolic blood pressure; DBP,
diastolic blood pressure; (TG) triglycerides: presence = high levels; absence = normal levels. ** presence ≥ 3;
normal < 3 [6].

As expected, the MetS group reached higher values for HOMA-IR (7.63 vs. 5.19), TG
(162.31 mg/dL vs. 92.64 mg/dL), and the TG/HDL-c ratio (3.87 vs. 1.8) when compared to
the “Without MetS” group (p < 0.05) (Table S1, Supplementary Material). In addition, higher
levels of HDL-c were found in the “Without MetS” group with a statistically significant
difference (p = 0.02).

Individuals who developed obesity in adulthood showed no difference in the TG/HDL-
c ratio when evaluated by the presence or absence of MetS (p = 0.08) and adjusted for DM
(p = 0,234). Likewise, for those who developed obesity at an early stage of life (≤18 years),
the TG/HDL-c ratio showed a difference (p = 0.009), even after adjusting for DM2, between
the groups with and without Mets (p = 0.018) (Table S2, supplementary material). The
TG/HDL-c ratio was associated with the presence of MetS but not with the obesity onset
period. On the other hand, when calculating the odds ratio, it was found that women who
developed obesity at an early age and with MetS were 2.5 (1.17–5.34) times more likely to
have the TG/HDL-c ratio altered than women who developed obesity at a late age, with or
without MetS.

The AUC was calculated based on the period during which the women experienced
weight gain. The TG/HDL-c ratio was the best predictor of Mets when compared with
other anthropometric parameters, such as BMI, WHR, WtHR, and when compared with
other lipids ratios: LDL-c/HDL-c and TC/HDL-c (Figure S2, supplementary material).
The AUC TG/HDL-c ratio values for the early and late ages of obesity onset were 0.98
(0.93–1.00; p = 0.001) and 0.83 (0.65–1.00; p = 0.02), respectively, signaling this fraction as
a predictive marker of MetS. In this way, it was possible to obtain the cutoff point of the
fraction for those with early and late development: 2.30 and 2.19, respectively. Figure 1
shows the cutoff points for each group.
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(childhood) and (b) late ages (adulthood) of obesity onset.

4. Discussion

The present study is the first to successfully identify the cutoff points for the TG/HDL-
c ratio (2.30 and 2.19), in order to predict MetS in women with severe obesity who developed
early or late obesity, respectively. Although there was no association between the phase of
life at which obesity was developed and the presence of MetS, we identified the TG/HDL-c
ratio as a simple and promising parameter for identifying the risk of MetS in women with
severe obesity. The AUC values obtained (0.84 and 0.9) were similar to those found in
studies with adolescents from Korea and adults from Iran, China, and a multiethnic sample,
which were, respectively, 0.932, 0.85, 0.815, and 0.872 [10,17,20,21].

As hypothesized by Chu et al. (2019) [17], the findings may be highly precise because
the study considers two criteria for the diagnosis of MetS. Although the ratio varies ac-
cording to ethnicity, studies in different countries have obtained positive results when
evaluating TG/HDL-c ratio as a predictor, but with different cutoff points. A study of ado-
lescents from Korea [17] and another with adults from a multi-ethnic sample in Canada [21],
both with the objective of evaluating the usefulness of lipid ratios to identify individuals
with MetS, showed that the TG/HDL-c ratio exhibited a higher AUC value than the other
lipid ratios. They determined cutoffs points of 3.3 for young people [17] and 1.18 for adult
women who were overweight (BMI 27.3 ± 5.3) [21]. Our results show that for women with
severe obesity (BMI ≥ 40 kg/m2), the cutoff point for the TG/HDL-c ratio as a predictor
of MetS is higher than adult women who are overweight (BMI < 30), but lower than the
cutoff point for adolescents. These results highlight the need to establish reference values
for different ages and BMIs.

In the study by Chen et al. (2015) [9], with the aim of identifying the best predictor
of MetS, the authors compared the predictive capacity of different anthropometric and
atherogenic parameters such as BMI, WHR, body adiposity index, and TG/HDL-c ratio.
They found that, in women, the TG/HDL-c ratio had the best AUC value and set the count
point to 1.22. Similar results have been reported in a population susceptible to diabetes.
The TG/HDL-c ratio showed a higher AUC value than the traditional parameters used to
assess the risk of MetS, suggesting that it is an effective biological indicator, especially in
women with DM2. The established cutoff point was 0.99 [22].

The cited studies identified the TG/HDL-c ratio as the best predictor, which highlights
the potential of the data found in clinical practice [17,20–23]. It is important to note that
only a limited number of studies have used this ratio as an indicator of MetS [10,17,21,22]
and, to the best of our knowledge, there are no studies with women with severe obesity
(BMI ≥ 40 kg/m2), neither suggesting the different cutoff points according to the life stage
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of obesity onset. What emphasizes the importance of our findings is that this is the first
study to investigate women with a BMI above 40 kg/m2. Thus, this fraction, along with
conventional criteria, may aid in the identification of patients with the syndrome, as it is a
simple calculation of measures that are already performed in clinical practice, making it
accessible and easy to apply.

In addition, the odds ratio showed that in the studied population, early obesity
development in the presence of MetS increases the chance of an altered TG/HDL-c ratio
2.5-fold when compared with those who developed obesity at a late age, independent of
MetS. In fact, we know that food habits are formed in childhood and that they can persist
through adulthood [24,25]. Humans tend to prefer foods that are high in sugar, salt, and
energy density, which have an impact on lipid levels [24]. These foods are rich in refined
carbohydrates and saturated and trans fats that increase TG levels and reduce HDL-c,
consequently increasing the risk of cardiovascular disease [26].

Our study also aimed to assess the impact of obesity onset on MetS parameters and
MetS development. We found that women with early obesity had a higher mean weight
and BMI than those with late obesity; similar results were identified in a study by Wrzosek
et al. (2018) with bariatric surgery patients [27]. Thus, these data reinforce the importance
of treating obesity from an early age to prevent the proliferation and expansion of adipose
tissue, which is responsible for the development of metabolic diseases. Individuals with
weight gain before the age of 18 years have a greater capacity to store and gain weight
more easily.

The data presented here contrast with the current view that the longer the period
of obesity, the greater are the chances of developing metabolic complications. This can
be explained by hyperplasia and hypertrophy of adipose tissue [28,29]. Hyperplasia, an
increase in the number of fat cells, occurs mainly in childhood and does not change in
adulthood [30]. This process is related to the function of metabolically healthy adipose tis-
sue, considering that there are more cells to store excess calories, and thus, avoid adipocyte
stress [29].

During adulthood, adipocyte hypertrophy prevails, which is related to macrophage
infiltration, and consequently to chronic inflammation and the development of conditions
associated with obesity, such as IR, dyslipidemia, and systemic arterial hypertension [29–32].
This would explain the difference found in the cutoff point of the TG/HDL-c ratio in the
present study, since it allows the early identification of metabolic changes [6,33]. For women
who had excess weight at a later stage, the cutoff point was lower because they were more
prone to metabolic changes.

Our study has some limitations, such as the absence of food consumption data and the
assessment of the inflammatory profile of each individual. To assess the onset of obesity, we
asked the patients about the age at which they remember having started to gain excessive
weight. Therefore, we have to consider memory bias. The study was cross-sectional with a
specific population, which emphasizes the need for further studies in different groups and
a long-term perspective to confirm the TG/HDL-c ratio, the life stage of the onset of obesity,
and the development of MetS. Currently, the vaccination rate against COVID-19 in Brazil
is high and cases are increasingly rare, which makes us confident to resume recruiting
volunteers and collecting data. Thus, we estimate that for the second half of 2023, we will
be able to confirm the findings of this study in a greater number of women with severe
obesity and expand the evidence on the use of the TG/HDL-c ratio as a MetS criterion.

5. Conclusions

In the present study, no association was identified between the obesity onset period
and alterations in the parameters and development of MetS. However, our results suggest
that the TG/HDL-c ratio could be a parameter that can assist in the identification of
individuals at risk of developing MetS, with different cutoffs points considering the stage
of life at the onset of obesity. It is not an indicator to replace the conventional criteria for
MetS, but it is a simpler criterion to facilitate clinical practice. This is a pilot sample of
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women; if our results are confirmed in larger sample studies, the TG/HDL-c ratio might be
useful in clinical practice as a predictor of MetS according to the stage of life (early or late)
at which obesity began.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/obesities2040030/s1, Figure S1: Comparation of TG/HDL-c
ratio with Body Mass Index (BMI), Waist-to-Hip ratio (WHR) and Waist-to-height ratio (WtHR);
Figure S2: Comparation of TG/HDL-c ratio with Low-density lipoprotein to high density lipoprotein
(LDL-c/HDL-c), Total Cholesterol to high-density lipoprotein (TC/HDL-c) and Homeostasis Model
Assessment-Insulin Resistance (HOMA-IR). Table S1: Comparison of metabolic data between groups
with and without MS; Table S2: Association of TG/HDL-c ratio with the phase of life at obesity onset
and Metabolic Syndrome.
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