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Association of Serum Triglyceride-to-High-density
Lipoprotein Cholesterol Ratio with Insulin Resistance
and Non-alcoholic Fatty Liver Disease in Children and

Adolescents

Gocuk ve Ergenlerde Serum Trigliserid Yiksek-yogunluklu Lipoprotein Kolesterol
Oraninin Insdlin Direnci ve Alkolik Olmayan Yagl Karaciger Hastaliginda Tanisal Degeri
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Abstract

Aim: Insulin resistance (IR) is considered the main contributor to
non-alcoholic fatty liver disease (NAFLD). Triglyceride (TG)-to-high-
density lipoprotein cholesterol (HDL-C) ratio (TG/HDL-C) has been
recommended as a surrogate index of IR. However, the association
between TG/HDL-C and NAFLD is as yet unclear. The aim of this study
was to investigate the association of TG/HDL-C ratio with IR and
NAFLD.

Methods: The study population included 228 obese children and
adolescents (59% girls, mean age: 12.52+2.94 years) and 46 lean
subjects (57% girls, mean age: 12.53+3.30 years). The obese group
was further stratified on the basis of NAFLD.

Results: The TG/HDL-C ratio was higher in obese subjects compared
with controls. The NAFLD group also had a significantly higher TG/
HDL-C ratio (3.20+1.9 vs. 2.35+1.09) than the non-NAFLD group. The
TG/HDL ratio was correlated with alanine aminotransferase, cholesterol,
glucose-to-insulin ratio (FIGR), homeostasis model assessment of IR
(HOMA-IR), quantitative insulinsensitivity check index, and insulin. A
cut-off value of 2.27 was used to define a high TG/HDL-C ratio. At
multivariate logistic regression analysis, FIGR [odds ratio (OR)=4.20],
HOMAIR (OR=4.15), TG/HDL-C ratio (OR=2.8), HDL-C (OR=2.12), and
ALT (OR=6.37) were associated with NAFLD.

Conclusion: TG/HDL-C ratio is associated with various well-defined risk
factors for NAFLD, and a value of >2.27 may be useful in identifying
children at high risk for the condition.
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Amag: insiilin direnci (iD) alkolik olmayan karaciger hastaligi (AOYKH)
icin baslica risk faktori olarak degerlendiriimektedir. Trigliserid/
yiksek yogunluklu lipoprotein kolesterol orani (TG/HDLK) D yerine
kullanilabilen bir indeks olarak tanimlanmisti.. TG/HDL-K oraninin
AOYKH'da tanisal degeri ile ilgili calismalar ise sinirlidir. Bu ¢alismanin
amaci TG/HDL-K oraninin D ile AOYKH'deki tanisal degerinin
belirlenmesidir.

Yontemler: Calismaya 228 obez (%59 kiz, ortalama yas: 12,52+2,94)
ile 46 saglikli (%57 kiz, ortalama yas: 12,53+3,30) cocuk ve ergen
dahil edildi. Obez hasta grubu ultrason verilerine gére AOYKH olan ve
olmayanlar olmak Uzere iki alt gruba ayrildilar.

Bulgular: Obez grubun TG/HDLK orani saglikli grupla kiyaslandiginda
anlamli oranda ylksek bulundu. Obez grup icinde de AOYKH olanlar
(3,2041,9) olmayanlara gore (2,35+1,09) ylksek TG/HDLK oranina
sahiptiler. TG/HDLK orani ile alanin aminotransferaz, kolesterol,
glukoz instlin orani, homeostaz model degerlendirmesi-IR (HOMA-IR),
kantitatif instlin hassasiyet indeksi ve instlin seviyesi arasinda anlamli
korelasyon oldugu gorildi. TG/HDLK oraninin 2,27'nin Uzerinde
olmasi yuksek olarak kabul edildi. Cok degiskenli bir analiz modelinde
(yas, cinsiyet, ergenlik durumu ve beden kitle indeksine gore ayarlama
yapildiktan sonra) AOYKH Uzerine yiksek glukoz insilin orani [olasilik
orani (OR)=4,20], HOMA-R (OR=4,15), HDL (OR=2,12), ALT (OR=6,37)
ve TG/HDLK oraninin (OR=2,8) bagimsiz etkili oldugu bulundu.
Sonug: AOYKH icin iyi bilinen risk faktorleri ile TG/HDLK arasinda
anlamli korelasyon vardir. TG/HDLK orani icin >2,27 esik degeri
cocuklarda AOYKH igin bagimsiz bir risk faktorudur.

Anahtar Soézciikler: Trigliserid/ylksek yogunluklu lipoprotein orani,
instlin direnci, alkolik olmayan karaciger yaglanmasi, obezite, cocuklar
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Introduction

Increasing levels of obesity have led to nonalcoholic
fatty liver disease (NAFLD) becoming the most common
chronic liver disease (1). A close relationship exists between
NAFLD and elements of metabolic syndrome; high fasting
glucose, hypertension, central obesity, insulin resistance
(IR), and atherogenic dyslipidemia (2). One previous study
reported a 6-fold higher risk of atherosclerosis in pediatric
patients with steatosis compared to that in non-steatotic
subjects (3). Prompt evaluation of arterial injury is essential
if subsequent vascular risk is to be avoided, because
early detection and intervention permit the reversal
of subclinical atherosclerosis (4). Lipoprotein ratios are
considered to be of greater use than isolated lipid values
in the assessment of cardiovascular risk in adult patients,
since these constitute a more accurate reflection of the
interactions between lipid fractions (5). Although NAFLD is
known to be a major risk factor for cardiovascular disease,
there has been little investigation of the clinical value of
lipid ratios in this condition, particularly in the pediatric
age group (6-9). Studies concerning IR and triglyceride-
(TG)-to-high-density lipoprotein cholesterol (HDL-C) ratio
(TG/HDL-C) have revealed a clear association between
them, and TG/HDL ratio was found to be significantly
correlated with IR (10). Giannini et al. (11) proposed a TG/
HDL ratio greater than 2.27 as a significant cut-off point
for predicting IR. We hypothesized that a TG/HDL-C ratio
of 2.27 recommended in the context of IR might also be
a good marker in NAFLD owing to this close relationship
between NAFLD and IR.

Methods

Study Population

Two hundred twenty-eight children and adolescents
(134 girls and 94 boys, with a mean age of 12.52+2.94
years), who were admitted to our department between
January 2015 and April 2016 because of obesity, were
included in the study. Forty six age-matched healthy lean
children and adolescents (26 girls and 20 boys, mean
age: 12.53%3.30 years) having a body mass index (BMI)
between the 3™ and the 85t percentile served as controls.
They were enrolled among non-obese healthy subjects
with no history of chronic disease and no drug treatment
who attended the hospital for minor illnesses such as a
common cold, conjunctivitis or similar mild afflictions.
The obese group was further stratified based on NAFLD
as revealed by ultrasonography. Weight was measured by
a balance beam medical scale and height using a rigid
stadiometer. All patients had BMI values higher than the
95th percentile based on percentile curves applicable to
Turkish children (12). Puberty was evaluated using the
Tanner staging criteria (13,14). Blood pressure (BP) was
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measured with a sphygmomanometer following a 10-
min rest. Waist circumference (WC) was measured as
a surrogate index of central obesity. Exclusion criteria
included diabetes, any condition affecting insulin’s action,
familial or secondary dyslipidemia other than resulting
from obesity, a history of alcohol use and use of drugs
known to induce NAFLD. This study was approved by
Haseki Training and Research Ethics Committee for Clinical
Investigations (approval number: 359).

Laboratory Tests

Glucose, lipid profile, alanine aminotransferase (ALT)
and insulin were analyzed in all participants following
12-h fasting. Blood glucose levels were determined
using the glucose oxidase test and plasma insulin levels
via electrogenerated chemiluminescence immunoassay
(Unicell DXI; Beckman Coulter, USA), while calculation of
serum lipid profiles was based on enzymatic methods.

Definitions

IR markers were calculated from fasting glucose and
insulin values by the quantitative insulin sensitivity check
index (QUICKI), fasting glucose/insulin ratio (FGIR) and the
homeostasis model assessment of IR (HOMA-IR). Central
obesity was defined as WC =90th percentile (15). High
BP was defined as systolic or diastolic BP =90" percentile
(16). Glucose levels =100 mg/dL were evaluated as
representing impaired fasting glucose. IR was defined
as a HOMA-IR score of higher than 2.5 in prepubertal
subjects and 3.16 in pubertal individuals (17). Cut-off
levels of 0.357 and seven were defined for QUICKI and
FIGR, respectively (18). Cut-off points recommended by
the guidelines for atherogenic risk reduction in childhood
were used to define dyslipidemia (19). High ALT levels
were defined using sex-related cutoff points (30 IU/L in
males and 19 IU/L in females), as defined in previous
studies (20). A high TG/HDL-C ratio was defined as more
than 2.27. Liver ultrasonography results were used in the
assessment of NAFLD.

For the statistical analysis, qualitative variables were
compared using y? test and continuous variables were
compared using t-tests or the Mann-Whitney U test when
needed. Univariate correlation analyses were performed
using Spearman’s correlation coefficient. After adjusting
for covariates [age, sex, pubertal status, BMI- standard
deviation scores (SDS)], multivariate logistic regression
analysis was performed to identify independent correlates
of NAFLD. Receiver operating characteristic (ROC) curve
analysis was used to determine cut-off values of TG/
HDL-C ratio with maximum sensitivity and specificity for
the diagnosis of NAFLD and IR. A p value of less than 0.05
was considered statistically significant.
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Results

This study involved 228 obese and 46 healthy
children/adolescents. Two subgroups were established
among the obese patients, depending on the presence
or absence of NAFLD. The prevalence of NAFLD was 35%
in the obese study population. The groups’ clinical and
laboratory findings are compared in Table 1. There were
no differences in sex or pubertal status among the groups.

Obese patients either with or without NAFLD exhibited
significantly higher BMI-SDS than the controls. The TG/
HDL-C ratio was also significantly higher in the non-NAFLD
and NAFLD groups than in the control group (p<0.001)
(Figure 1). WC and systolic-diastolic BP values were lower
in the control group compared to obese patients with
or without NAFLD. Lower ALT, fasting insulin, TGs and
HOMA-IR measurements were also determined in the
control group, than in the obese patients with or without
NAFLD. Fetal growth restriction (FGR) and Quick index and
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Figure 1. Comparison of Triglycerides/High density lipoprotein
cholesterol ratio levels among the groups
HDL: High density lipoprotein, NAFLD: Nonalcoholic fatty liver disease

Table 1. Characteristics of control and obese children with or without nonalcoholic fatty liver disease

Control Non-NAFLD NAFLD
Number of subjects 46 148 80
Sex (%) F/M 56/44 60/40 56/44
Pubertal status, n (%) 30 (67) 110 (74) 67 (84)
Age, years 12.53+3.30 12.53+3.08 12.52+2.69
BMI, kg/m? 19.04+2.81 28.90+4.54% 31.144.57*T
BMI-SDS -0.15+0.80 2.45+0.64% 2.66+0.54*T
Waist circumference, cm 68.62+9.13 95.84+12.78* 101.15+12.31*1

Systolic BR mmHg

104.83+12.83

117.52+14.76*

122.77+£13.66*1

Diastolic BR mmHg

62.64+7.26

75.65+10.38¢

78.62+9.85*T

Fasting glucose, mg/dL

89 (75-104)

91 (77-128)

91 (79-117)

FGIR

15.2 (6.4-57.4)

8.7 (1.4-41.5)"

5.8 (0.861)*"

ALT, U/L

13 (442)

17 (2-58)¢

26 (8-195)*1

Total cholesterol, mg/dL

157.63+27.18

160.14+30.86

165.86+32.28

Triglycerides, mg/dL 68 (28-131) 95 (39-229)* 119 (44-364)*T
LDL- cholesterol 91.65+22.65 94.10+26.70 96.41+26.61
HDL- cholesterol 52 (3572) 45 (25-78)° 43 (22-73)*1

TG/HDL-C ratio

1.44 (0.53-2.79)

2.10 (0.71-5.84)"

2.73 (0.81-10.60)*

Fasting insulin, pU/mL

5.9 (1.6-13.8)

10.2(2.3-81.3)*

15.2 (1.4-129.9)*1

HOMA-IR values

1.25 (0.3-3.0)

2.3(0.524.1)}

3.5 (0.3-35.6)*"

QUICKI

0.36 (0.32-0.47)

0.33 (0.25-0.42)*

0.31 (0.24-0.46)*1

*p<0.05 Obese subjects without NAFLD vs.

obese subjects with NAFLD, #p<0.05 Controls vs. obese subjects without NAFLD, Tp<0.05 Controls vs. obese subjects with
NAFLD, BMI: Body mass index, BMI-SDS: Body mass index-standard deviation scores, BP: Blood pressure, FGIR: Fasting glucose/insulin ratio, ALT: Alanine aminotransferase,
TG/HDL-C: Triglycerides/high density lipoprotein cholesterol, HOMA-IR: Homeostasis model assessment of insulin resistance, QUICKI: Quantitative insulin sensitivity check
index, F: Female, M: Male, NAFLD: Nonalcoholic fatty liver disease, CDL: Low-denity lipoprotein
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HDL-cholesterol levels were lower in the non-NAFLD and
NAFLD groups compared with the control group. There
were no differences in fasting glucose, total cholesterol or
LDL cholesterol levels among the groups.

The TG/HDL-C ratio in the NAFLD group (3.20+£1.9
vs. 2.35+1.09) was significantly higher than that in the
non-NAFLD group. The members of the NAFLD group also
exhibited higher BMI-SDS, WC, systolic-diastolic B, fasting
insulin, TGs, ALT, and HOMA-IR measurements than non-

Table 2. Correlations of triglyceride-to-high-density lipoprotein
cholesterol ratio with metabolic parameters and insulin
sensitivity measurement in obese children

r P

BMI 0.330 <0.001
BMI-SDS 0.291 <0.001
Waist circumference 0.343 <0.001
Systolic BP 0.217 0.001
Diastolic BP 0.217 0.001
Glucose 0.095 0.126
FGIR -0.428 <0.001
ALT 0.265 <0.001
Total cholesterol 0.150 0.015
Triglycerides 0.938 <0.001
LDL-cholesterol 0.048 0.435
HDL-cholesterol -0.628 <0.001
Insulin 0.428 <0.001
HOMA-IR 0.422 <0.001
QUICKI -0.422 <0.001
BMI: Body mass index, BMI-SDS: Body mass index-standard deviation

scores, BP: Blood pressure, FGIR: Fasting glucose/insulin ratio, ALT: Alanine
aminotransferase, HOMA-IR: Homeostasis model assessment of insulin
resistance, QUICKI: Quantitative insulin sensitivity check index, LDL: Low-density
lipoprotein, HDL: High-density lipoprotein

Table 3. Adjusted* odds ratio (95% confidence intervals) of
triglyceride-to-high-density lipoprotein cholesterol ratio and
other metabolic parameters for nonalcoholic fatty liver disease

OR 95% Cl p*
Central obesity 1.16 0.35-3.87 0.808
Elevated blood pressure | 1.30 0.65-2.58 0.450
IFG 0.76 0.32-1.79 0.541
Low FGIR 4.20 2.04-8.63 <0.001
High HOMA-IR 4.15 2.05-8.41 <0.001
Low QUICKI 2.19 0.85-5.60 0.101
High TG/HDL ratio 2.80 1.45-5.39 0.002
High TG 1.92 0.983.74 0.055
Low HDL-C 2.12 1.04-4.29 0.037

*Adjusted for age gender. pubertal status and body mass index-standard deviation
scores. FGIR: Fasting glucose/insulin ratio, HOMA-IR: Homeostasis model
assessment of insulin resistance, QUICKI: Quantitative insulin sensitivity check
index, TG: Triglycerides, TG/HDL: Triglycerides/high density lipoprotein, HDL-C:
High density lipoprotein cholesterol, Cl: Confidence interval, OR: Odds ratio
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NAFLD patients. FGR, Quick index and HDL-cholesterol
were significantly lower in NAFLD patients compared with
that in non-NAFLD patients.

In terms of IR parameters, with the exception of
fasting glucose (r=0.095), all parameters (insulin, FGIR,
QUICKI, HOMA-IR) were correlated with the TG/HDL-C
ratio. Significant correlations with the TG/HDL-C ratio are
shown in Table 2.

Multivariate  logistic  regression  analysis,  with
appropriate adjustment for age, sex, pubertal status, and
BMI-SDS, was employed to identify risk factors for NAFLD,
including TG/HDL-C ratio. Among the known metabolic
risk factors, IR, high FGR and low HDL-C, and high ALT
were associated with a 2.12-6.30-fold greater risk of
NAFLD; high TG/HDL-C also increased the risk of NAFLD
within that range, at 2.8-fold (Table 3).

A value of 2.27 was used to dichotomize the patients’
TG/HDL-C ratio as either above or below 2.27. ROC
analysis revealed 64% sensitivity and 68% specificity for
this value, with an area under the ROC curve (AUROC) of
0.641 (Figure 2). This cut-off exhibited 69% sensitivity and
63% specificity in detecting the presence of IR [AUROC=
0.680 (95% confidence interval 0.604-0.755)].
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0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Figure 2. Receiver operating characteristic curve for the Triglycerides/
High density lipoprotein cholesterol ratio in predicting the presence
of nonalcoholic fatty liver disease. Area under the receiver operating
characteristic curve=0.641 (95% confidence interval 0.564-0.718)

Discussion

This study revealed that high TG/HDL-C was correlated
with a high risk for NAFLD together with low HDL, high
ALT, and IR, which are known to be closely associated with
NAFLD. This relationship was independent of obesity, age,
sex, and pubertal status. Thisis also of potential significance
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in the context of cardiovascular risk because NAFLD is
regarded as a marker of cardiovascular abnormalities.

One prospective study of children determined that
the degree of atherosclerotic lesions on the intimal
surface was significantly correlated with increased total
cholesterol, low-density lipoprotein cholesterol and TG,
and with decreased HDL-C levels (21). Studies involving
adults have shown that ratios of lipoproteins to one
another are more effective in assessing cardiovascular
risk than lipoproteins by themselves. TG/HDL-C ratio is
known to be especially useful in predicting cardiovascular
risk and metabolic syndrome (22,23). Although NAFLD
constitutes the hepatic constituent of metabolic syndrome
(24) and is a significant atherogenic risk factor even from
childhood, there has been little previous investigation of
the relationship between the NAFLD and TG/HDL-C ratio
in the pediatric population (6-9). Nobili et al. (7) reported
that NAFLD activity and fibrosis scores were significantly
positively correlated with TG/HDL-C ratios in children
with NAFLD confirmed by liver biopsy. The authors
also determined that compared with other lipid ratios
(cholesterol/HDL and LDL/HDL), the TG/HDL ratio most
accurately predicted advanced liver disease. Pacifico et al.
(8) stratified subjects into consecutive TG/HDL-C tertiles.
Their findings revealed significantly higher odds ratios for
NAFLD as TG/HDL-C ratio tertiles increased. The highest
TG/HDL-C ratio was associated with a three-fold increased
risk of NAFLD.

There is no definitive cut-off point for the TG/HDL<c
ratio in NAFLD in the literature. In one study based on ALT
elevation for the determination of NAFLD, Di Bonito et al.
(6) determined a high TG/HDL-C ratio as >2 and reported
that this value was useful for predicting NAFLD in clinical
practice. To the best of our knowledge, no other value has
been recommended for NAFLD in the pediatric age group.
In this study, we used a value of 2.27 for a high TG/HDL
ratio. This value was also recommended by Giannini et al.
(11) for predicting IR. In that study, the authors identified a
close correlation between TG/HDL-C ratio and IR based on
glucose clamp testing. Olson et al. (25) also demonstrated an
association between TG/HDL ratio and QUICKI and HOMA
in children and young adults. Our findings corroborate
and extend these previous results by demonstrating this
association with FGR, which can easily be employed in
clinical practice. We hypothesized that the TG/HDL-C cut-off
value of 2.27 recommended for IR might also be capable
of use for NAFLD, due to the strong relationship between
NAFLD and IR (26). On that basis, a TG/HDL-C ratio of >2.27
was shown to predict NAFLD with 64% sensitivity and 68%
specificity. This cut-off also had a similar predictive value for
IR (69% sensitivity and 63% specificity).

The predictive value of TG/HDL-C ratio in IR and NAFLD
may be attributed to the close relationship between the
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two conditions. Expansion of visceral adipose tissue and
resultant inflammatory cascade leads to IR. This process is
considered the initial step in the development of NAFLD.
IR triggers fatty acid deposition in the liver, and this gives
rise to hepatic IR via subacute inflammation associated
with the activation of the nuclear factor-xB pathway (4).
NAFLD may therefore further promote elevated systemic
IR and dyslipidemia, in turn resulting in accelerated
atherosclerosis (4,27).

One previous study of adults observed a relationship
between TG-to-HDL-C ratio and elevated ALT and
suggested that these were of evidential value in terms
of NAFLD (28). One study in which this relationship
was investigated in a pediatric population showed that
the association between TG-to-HDL-C and ALT in obese
children with NAFLD was independent of visceral adiposity
and IR (6). In our study, consistent with these results, we
also observed an association between TG-to-HDL-C ratio
and elevated ALT.

The fact that liver biopsies were not employed as a
standard tool in the diagnosis of steatosis represents a
limitation of this study. However, ultrasonography is the
most common diagnostic tool for identifying hepatic
steatosis in clinical practice, and is also highly sensitive and
specific in diagnosing fatty liver (26).

Conclusion

In conclusion, our study showed evidence that TG/
HDL-C was strongly associated with increased risk of
NAFLD and IR. Considering the potential significance of
NAFLD in terms of child health, it is important to check
TG/HDL-C and if TG/HDL-C is elevated, especially TG/
HDL-C over 2.27, lifestyles modification is needed for
preventing future NAFLD.
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