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Abstract

Background/Aim: It is known that the frequency of obesity and insulin resistance is increased in children.
Diagnostic laboratory criteria of insulin resistance are unclear in children despite the widespread use of the
Homeostasis model assessment for insulin resistance (HOMA-IR). Serum triglyceride (TG)/high-density
lipoprotein (HDL) ratio is reported to reflect insulin resistance in recent studies. We aimed to investigate
the usefulness of the TG/HDL ratio in determining insulin resistance and its correlation with the HOMA-
IR index in overweight/obese children.

Methods: Patients who presented to the Pediatric Endocrinology outpatient clinic with excessive weight
were examined in this retrospective cohort study. The patients were divided into subgroups according to
BMI, sex, pubertal stage, and presence of hepatosteatosis, and the HOMA-IR index and TG/HDL ratios
were compared.

Results: One hundred and fifty-nine patients aged 5-18 years, with a mean age of 11.4 (3.13) years, were
included in the study. Of the patients, 93 (58%) were girls, 99 (62%) were pubertal, and 141 (88.6%) were
obese. Seventy-nine (49.6%) patients had insulin resistance. The mean HOMA-IR and TG/HDL were 3.89
(2.29) and 2.71 (1.86), respectively. A positive correlation was found between HOMA-IR value and TG /
HDL ratio (r= 0.283, P<0.001). TG/HDL ratio was significantly higher in patients who had insulin
resistance and hepatosteatosis than those who did not (P=0.008, P=0.032 respectively). There was no
significant  difference regarding TG/HDL ratio between female-male, prepubertal-pubertal,
overweight/obese patients. There was no correlation between age, body mass index standard deviation
score (SDS), and TG/HDL ratio.

Conclusion: TG/HDL ratio is an easy to use, non-invasive, and useful marker of insulin resistance in
overweight/obese children regardless of age, gender, pubertal condition, and body mass index standard
deviation score.
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Introduction

The incidence of obesity in children is gradually
increasing due to the widespread high-calorie diet and sedentary
lifestyle. Obesity, dyslipidemia, hypertension, and glucose
metabolism disorder are all components of metabolic syndrome.
Insulin resistance and the presence of metabolic syndrome in
children are predictors of type 2 diabetes and cardiovascular
diseases [1].

The prevalence of dyslipidemia in obese children in
Turkey is 21.5% [2]. Many studies showed that high triglyceride
(TG) and low high-density lipoprotein (HDL) levels lead to
insulin resistance. High TG in serum activates lipoprotein lipase
via heparin. Intravascular lipolysis increases and the tissues are
exposed to high free fatty acid. High free fatty acids cause
insulin resistance through oxidative stress pathways [3]. Insulin
resistance and B-cell dysfunction of the pancreas are the two
main causes of type 2 diabetes. It has been reported that low
HDL and high TG in the circulation can cause cholesterol
accumulation in B cells of the pancreas, cellular toxicity, and
impairment in insulin secretion, which can directly cause type 2
diabetes [4].

The gold standard diagnostic method in detecting
insulin resistance is the hyperinsulinemic-euglycemic clamp
method, but this method has little applicability. Instead,
"Homeostasis model assessment for insulin resistance (HOMA-
IR)" is widely used in determining insulin resistance in children
and adults. The HOMA-IR index is affected by many parameters
such as age, gender, puberty, and body mass index (BMI) [5].
The fact that HOMA-IR has different threshold values according
to gender and puberty confuses clinical practice from time to
time. It has recently been reported that the TG / HDL ratio is an
easy, non-invasive and useful marker for determining insulin
resistance and cardiovascular disease risk [6]. This study aimed
to determine the usability of the TG / HDL ratio in determining
insulin resistance and its threshold value in overweight/obese
children.

Materials and methods

For this study, permission was obtained from the Gazi
Yasargil Research and Training Hospital ethics committee
(decision number: 15.1.2021/614). Overweight/obese patients
aged 5-18 years who visited the pediatric endocrinology
outpatient clinic in Balikesir Atatiirk City Hospital with the
complaint of being overweight were included. Patients with
syndromic obesity, Cushing's syndrome, chronic disease, or
regular medication use, and abnormal thyroid function tests were
excluded. Age, gender, anthropometric measurements, pubertal
development, the presence of acanthosis nigricans, laboratory
tests (glucose, insulin, TG, HDL, total cholesterol, LDL, AST,
ALT), and liver ultrasonography findings were recorded
retrospectively from the patient files. Height and weight
measurements were made with a digital Harpenden stadiometer.
Weight, height, BMI (body weight / height*) and standard
deviation scores (SDS) were calculated. Patients with BMI> 2
SDS were considered obese, those with + 1 / + 2 SDS were
considered overweight. Testicular volume in males was
measured with a Prader orchidometer. Males with a testicular
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volume of greater than 4 ml, and females with tanner stage>2
breast development were considered pubertal. HOMA-IR value
was calculated with the formula: Fasting insulin level (WU / mL)
x fasting glucose (mg / dL) / 405. If the HOMA-IR value was
>2.67 in prepubertal males, >2.22 in females, >5.22 in pubertal
males, and >3.82 in females, insulin resistance was considered
present [7]. The ratio of TG (mg / dL) to HDL (mg / dL) was
recorded as TG/HDL value.

Statistical analysis

The sample size was calculated using G*Power version
3 based on the ability to detect a mean difference of TG/HDL
ratio between two groups (with insulin resistance, without insulin
resistance). The standard deviation used in the calculation was
reported in previous trials (Liang et al.) [5]. A confidence level
of 95% (P<0.05) and a power of 80% were used. The calculation
yielded a minimum sample size of 139. A further increase of
15% was added to allow for attrition, giving an overall sample
size of 159 participants. SPSS 24.0 package program was used
for statistical analysis. The Kolmogorov-Smirnov and Shapiro-
Wilk tests were used to determine whether the data were
normally distributed. Descriptive statistics were used. Mann
Whitney U and Kruskal Wallis tests were utilized for the non-
normally distributed groups. Spearman correlation analysis was
performed to determine the relationship between TG/HDL ratio,
age, sex, puberty, HOMA-IR, and other parameters. A P-value of
<0.05 was considered statistically significant.

Results

A total of 159 patients aged 5-18 years with a mean age
of 11.4 (3.13) years were included in the study. Ninety-three
(58%) patients were females, 99 (62%) were pubertal, 18
(11.3%) were overweight, and 141 (88.6%) were obese. The
clinical and laboratory characteristics of the patients were shown
in Table 1. HOMA-IR was above the threshold value in 79
(49.6%) patients according to gender and pubertal status and
insulin resistance were present. Acanthosis nigricans was present
in 61 of 79 patients with insulin resistance. In 70 (44%) patients,
no fatty liver was detected in ultrasonography. First, second- and
third-degree fatty liver were detected in 52 patients, 25 patients,
and 2 patients, respectively.

Table 1: The clinical and laboratory finding of patients

Mean(SD) (Minimum-Maximum)
Age (year) 11.4(3.13) (5-18)
Weight (SDS) 2.84(1.05) (0.13-6.52)
Height (SDS) 0.74(1.27) (-2.28-6.3)
BMI SDS 2.62(0.63) (1.1-4.8)
Glucose (mg/dL) 89.71(7.1) (69-123)
Insulin (WU/mL) 17.71(6.33) (2-48)
HOMA-IR 3.89(2.29) (0.44-11.54)
TG/HDL 2.71(1.86) (0.35-11.28)
Triglyceride (mg/dL) 117.58(61.18)  (28-361)
HDL (mg/dL) 47.68(9.68) (25-81)
Total Cholesterol (mg/dL) | 157.97(32.23)  (42-266)
LDL (mg/dL) 89.15(26.65) (33-171)
AST (U/L) 23.07(7.31) (10-62)
ALT (U/L) 22(11.8) (8-68)

SDS: Standard Deviation Score, BMI: Body Mass Index, HOMA-IR: Homeostasis model assessment for
insulin resistance, HDL: High-Density Lipoprotein, TG/HDL: Triglyceride/High-Density Lipoprotein

The mean HOMA-IR value of all patients was 3.89
(2.29), and the mean TG / HDL ratio was 2.71 (1.86) (Table 1).
There was no difference in HOMA-IR values between the
female-male, overweight/obese patients, and patients with and
without fatty liver groups. HOMA-IR values of pubertal patients
were significantly higher than those of prepubertal patients
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(P<0.001) (Table 2). HOMA-IR was positively correlated with
age, weight SDS, BMI SDS, glucose, insulin, TG, and negatively
correlated with HDL (Table 3). A positive correlation was found
between the HOMA-IR value and the TG/HDL ratio (r=0.283,
P<0.001) (Table 3).

Table 2: The comparison of HOMA-IR ve TG/HDL ratio according to groups

HOMA-IR TG/HDL

Median(IQR) Median(IQR)
male 3.23(IQR2.99) 1.92(IQR1.71)
female 3.24 (IQR 2.81)  2.18(IQR 2.21)
P-value " 0.296 0.268
Prepubertal 2.49(IQR 1.49)  1.89(IQR 1.49)
Pubertal 4.3(IQR 2.85) 2.27(IQR 2.6)
P-value <0.001 0.114

No insulin resistance
Insulin resistance

2.29(IQR 1.29)
5.21(IQR 3.43)

1.78(IQR 1.48)
2.63(IQR 2.22)

P-value " <0.001 0.008
Overweight 239(1QR2.92)  2.07+2.93
Obese 3.32(IQR 2.95)  2.02(IQR2.06)
P-value ™ 0.118 0.733

No hepatosteatosis 2.92(IQR 2.65) 1.86(IQR 1.48)
Hepatosteatosis 4.15(IQR 3.04) 2.3(IQR 2.61)
P-value " 0.068 0.032

*Mann Whitney U test **Kruskal Wallis test IQR: Interquartile Range, Homa-IR: Homeostasis model
assessment for insulin resistance, HDL: High-Density Lipoprotein, TG/HDL: Triglyceride/High-Density
Lipoprotein

Table 3: The correlation between HOMA-IR, TG/HDL ratio, and other parameters

HOMA-IR TG/HDL

r P-value r P-value
Age (year) 0.306 <0.001 0.14 0.08
Weight SDS 0.296 <0.001 0.079 0.323
Height SDS 0.066 0.415 -0.004  0.957
BMI SDS 0.276 <0.001 0.067 0.403
Glucose (mg/dL) 0.394 <0.001 0.08 0.318
Insulin (upU/mL) 0.986 <0.001 0.281 <0.001
Triglyceride (mg/dL) 0.248 0.002 0.955 <0.001
HDL (mg/dL) -0.309  <0.001 -0.671  <0.001
Total Cholesterol (mg/dL) | -0.041  0.607 0.199 0.012
LDL (mg/dL) -0.069  0.388 0.03 0.710
AST (U/L) -0.211  0.008 0.012 0.886
ALT (U/L) 0.03 0.706 0.09 0.261
TG/HDL 0.283 <0.001

SDS: Standard Deviation Score, BMI: Body Mass Index, Homa-IR: Homeostasis model assessment for
insulin resistance, HDL: High-Density Lipoprotein, TG/HDL: Triglyceride/High-Density Lipoprotein

The TG / HDL ratio was significantly higher in patients
with insulin resistance and fatty liver compared to those without
(P=0.032) (Table 2). There was no difference in TG/HDL ratio
between female-male gender, prepubertal-pubertal,
overweight/obese patients (P=0.268 P=0.114 and P=0.733
respectively) (Table 2). There was no correlation between age
and TG / HDL ratio, and TG / HDL ratio was positively
correlated with insulin, TG, and total cholesterol, and negatively
correlated with HDL cholesterol (Table 3).

Discussion

In 2003, McLaughlin reported for the first time that the
TG/HDL ratio in white obese patients reflects insulin resistance,
but changes with ethnicity [8]. In recent studies, it has been
reported that TG/HDL ratio is strongly associated with insulin
resistance in white obese children, especially in Korea and
Southeast Asia, but not in Hispanic and black children. [9-11]. In
this study, the TG/HDL ratio was significantly higher in
overweight/obese children with IR compared to those without IR
and correlated with HOMA-IR while it did not change according
to age, gender, and pubertal status.

In determining insulin resistance, Behiry et al. [12],
Iwani et al. [11], and Yoo et al. [1] reported threshold TG/HDL
ratios of 1.36, 1.11, and 2, respectively, among 90, 425, and 769
overweight/obese children, respectively. Pacifico et al. [13]
stated a TG/HDL ratio cut-off value of 1.98 to indicate insulin
resistance and metabolic syndrome among 541 children, 391 of
which were obese. According to Di bonito et al. [14], this value
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was 2.2 among 5505 children, 4417 of which were obese. We
could not determine a TG/HDL cut-off due to the low under the
ROC curve area. However, TG / HDL ratio was significantly
higher in overweight/obese children with IR compared to those
without IR.

It is known that the HOMA-IR value, which is widely
used to determine insulin resistance in children, varies according
to gender, puberty, and BMI SDS. During puberty, physiological
temporary insulin resistance occurs. A decrease in insulin
sensitivity in the pubertal period causes an increase in insulin
secretion.

It has been shown that insulin resistance increases at the
beginning of puberty, peaks at Tanner stage 3, and regresses to
prepubertal levels at the end of puberty. The reason for this
change in insulin secretion at puberty is not fully known, but it is
thought to be related to a mechanism that enhances the anabolic
effect of insulin and growth hormone during rapid somatic
growth [7]. It has been reported that increased pubertal hormones
and changes in fat distribution in girls during adolescence cause
higher insulin secretion and resistance compared to boys [15].
We found that HOMA-IR is higher in girls and pubertal children,
it increases with increasing age and BMI SDS. The HOMA-IR
index is calculated based on serum insulin and glucose levels.
Therefore, physiological changes in serum insulin levels cause
changes in the HOMA-IR index. The serum TG level used in the
TG/HDL ratio, which reflects insulin resistance regardless of the
serum insulin level, shows a small change according to age and
does not change according to puberty and gender (normal value
for TG is 75-99 mg / dL between 0-9 years of age, and 90-129
mg/dL thereafter). HDL remains the same in all age groups (35-
45 mg / dL) [16]. For this reason, a single threshold value for
TG/HDL ratio can be given independently of gender and puberty
in children. Iwani et al. [11] reported that TG / HDL ratio was
positively correlated with HOMA-IR and TG / HDL does not
change with age, gender, and pubertal status in 271 overweight /
obese children. Yoo et al. [1] reported that there was a positive
correlation between HOMA-IR and TG / HDL. Cin et al. [17]
found a positive correlation between TG / HDL ratio and
HOMA-IR in obese adolescents. These results are consistent
with our study.

We found no differences between overweight and obese
patients in terms of TG/HDL ratio. It was higher in those with
fatty liver than those without. Sixty-five percent (n: 52) of the
patients with liver steatosis had first-degree steatosis, which
suggests that the TG/HDL ratio may be an early marker for
detecting insulin resistance and fatty liver.

Metabolic syndrome and impaired glucose tolerance are
closely related to insulin resistance. In a study with 122 obese
children, Krawcyzk et al. [18] reported that the TG / HDL ratio
was 2.09 times higher in children with metabolic syndrome than
in those without. In a study conducted in our country, the
threshold of TG / HDL ratio to indicate metabolic syndrome was
2.16 in 1171 obese adolescents [17]. Manco et al. [19] reported
that a TG/HDL ratio above 2.2 is associated with impaired
glucose tolerance. In our study, the patients were evaluated in
terms of insulin resistance, but not in terms of metabolic
syndrome and glucose intolerance. This was thought to cause a
limitation in evaluating the results of our study.
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Conclusion
TG/HDL ratio is an easy, non-invasive, and useful
indicator of insulin resistance independent of age, gender,
pubertal status, and BMI SDS in overweight/obese children.
Large-scale studies are needed to determine the optimum
TG/HDL ratio threshold value in detecting insulin resistance in
our country.

References

1. Yoo DY, Kang YS, Kwon EB, Yoo EG. The triglyceride-to-high density lipoprotein cholesterol ratio
in overweight Korean children and adolescents. Ann Pediatr Endocrinol Metab. 2017;22(3):158-63.

2. Elmaogullar1 S, Tepe D, Ugaktiirk SA, Karaca Kara F, Demirel F. Prevalence of Dyslipidemia and
Associated Factors in Obese Children and Adolescents. J Clin Res Pediatr Endocrinol.
2015;7(3):228-34.

3. 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.

4. Lim TK, Lee HS, Lee YJ. Triglyceride to HDL-cholesterol ratio and the incidence risk of type 2
diabetes in community dwelling adults: A longitudinal 12-year analysis of the Korean Genome and
Epidemiology Study. Diabetes Res Clin Pract. 2020;163:108150.

5. Liang J, Fu J, Jiang Y, Dong G, Wang X, Wu W. TriGlycerides and high-density lipoprotein
cholesterol ratio compared with homeostasis model assessment insulin resistance indexes in
screening for metabolic syndrome in the chinese obese children: a cross section study. BMC Pediatr.
2015;15:138.

6. Nur Zati Iwani AK, Jalaludin MY, Wan Mohd Zin RM, Fuziah MZ, Hong JYH, Abgariyah Y, et al.
TG : HDL-C Ratio Is a Good Marker to Identify Children Affected by Obesity with Increased
Cardiometabolic Risk and Insulin Resistance. Int J Endocrinol. 2019;2019:8586167.

7. Kurtoglu S, Hatipoglu N, Mazicioglu M, Kendirici M, Keskin M, Kondolot M. Insulin resistance in
obese children and adolescents: HOMA-IR cut-off levels in the prepubertal and pubertal periods. J
Clin Res Pediatr Endocrinol. 2010;2(3):100-6.

8. McLaughlin T, Abbasi F, Cheal K, Chu J, Lamendola C, Reaven G. Use of metabolic markers to
identify overweight individuals who are insulin resistant. Ann Intern Med. 2003 Nov
18;139(10):802-9. doi: 10.7326/0003-4819-139-10-200311180-00007. PMID: 14623617.

9. Giannini C, Santoro N, Caprio S, Kim G, Lartaud D, Shaw M, et al. The triglyceride-to-HDL
cholesterol ratio: association with insulin resistance in obese youths of different ethnic backgrounds.
Diabetes Care. 2011;34(8):1869-74.

10. Sumner AE, Finley KB, Genovese DJ, Criqui MH, Boston RC. Fasting triglyceride and the
triglyceride-HDL cholesterol ratio are not markers of insulin resistance in African Americans. Arch
Intern Med. 2005;165(12):1395-400.

. Iwani NA, Jalaludin MY, Zin RM, Fuziah MZ, Hong JY, Abgariyah Y, et al. Triglyceride to HDL-C
Ratio is Associated with Insulin Resistance in Overweight and Obese Children. Sci Rep.
2017;7:40055.

. Behiry EG, EI Nady NM, AbdEl Haie OM, Mattar MK, Magdy A. Evaluation of TG-HDL Ratio

Instead of HOMA Ratio as Insulin Resistance Marker in Overweight and Children with Obesity.

Endocr Metab Immune Disord Drug Targets. 2019;19(5):676-82.

Pacifico L, Bonci E, Andreoli G, Romaggioli S, Di Miscio R, Lombardo CV, et al. Association of

serum triglyceride-to-HDL cholesterol ratio with carotid artery intima-media thickness, insulin

resistance and nonalcoholic fatty liver disease in children and adolescents. Nutr Metab Cardiovasc

Dis. 2014;24(7):737-43.

Di Bonito P, Valerio G, Grugni G, Licenziati MR, Maffeis C, Manco M, et al. Cardiometabolic risk

factors in overweight and obese children in ITALY (CARITALY) Study Group. Comparison of non-

HDL-cholesterol versus triglycerides-to-HDL-cholesterol ratio in relation to cardiometabolic risk

factors and preclinical organ damage in overweight/obese children: the CARITALY study. Nutr

Metab Cardiovasc Dis. 2015;25(5):489-94.

15. Moran A, Jacobs DR, Steinberger J, Hong CP, PrineasR, Luepker R, et al. Insulin resistance during
puberty: results from clamp studies in 357 children. Diabetes 1999;48:2039-44.

16. Timer L, Kasapkara CS. Cocuklarda Hiperlipidemi Taramasi. Turkiye Klinikleri J Pediatr.

2013;22(4):171-7.

Aslan Cin NN, Yardimeir H, Ko¢ N, Ucaktiitk SA, Akgil Ok M. Triglycerides/high-density

lipoprotein cholesterol is a predictor similar to the triglyceride-glucose index for the diagnosis of

metabolic syndrome using International Diabetes Federation criteria of insulin resistance in obese
adolescents: a cross-sectional study. J Pediatr Endocrinol Metab. 2020 24;33(6):777-84.

18. Krawczyk M, Ruminska M, Witkowska-Sedek E, Majcher A, Pyrzak B. Usefulness of the

Triglycerides to High-Density Lipoprotein Cholesterol ratio (TG/HDL-C) in prediction of metabolic

syndrome in Polish obese children and adolescents. Acta Biochim Pol. 2018;65(4):605-11.

Manco M, Grugni G, Di Pietro M, Balsamo A, Di Candia S, Morino GS, et al. Triglycerides-to-HDL

cholesterol ratio as screening tool for impaired glucose tolerance in obese children and adolescents.

Acta Diabetol. 2016;53(3):493-8.

1

=

1

N

1

w

1

>

1

~

1

©

This paper has been checked for language accuracy by JOSAM editors.
The National Library of Medicine (NLM) citation style guide has been used in this paper.

v

L 2

Page [1147



