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ABSTRACT

Background. This study aimed to evaluate the association between polysomnography (PSG)-derived sleep parameters
and the triglyceride-glucose (TyG) index in children with obstructive sleep apnea syndrome (OSAS). Although the TyG
index is a simple surrogate marker of insulin resistance, its relationship with PSG findings in pediatric OSAS remains
unclear.

Methods. In this retrospective study, clinical, biochemical, and polysomnographic data from 52 pediatric patients with
OSAS who underwent overnight PSG between January 2020 and January 2025 were analyzed. The TyG index was
calculated using fasting triglyceride and glucose levels. Associations between the TyG index and PSG parameters were
evaluated using Spearman correlation analysis and multivariable linear regression models adjusted for age, sex, and
body mass index (BMI).

Results. The TyG index showed weak but statistically significant positive correlations with the apnea-hypopnea index
(AHIL; r=0.320, p=0.021) and oxygen desaturation index (ODI; r = 0.308, p = 0.026), and a weak negative correlation
with minimum oxygen saturation (r =—0.308, p = 0.027). The TyG index was significantly higher in children with severe
OSAS than in those with moderate OSAS (p = 0.018). After adjustment for age, sex, and BMI, the TyG index was not
independently associated with AHI, ODI, or minimum oxygen saturation, and no significant associations were observed
with the remaining PSG parameters.

Conclusion. In pediatric OSAS, the TyG index was associated with apnea severity and hypoxia indicators in unadjusted
analyses. However, these associations were not independent after adjustment for potential confounding factors. The TyG
index may serve as a complementary metabolic marker, although its independent clinical value requires confirmation in
larger prospective studies.

Keywords: Obstructive sleep apnea syndrome, triglyceride-glucose index, insulin resistance, hypoxia, cardiovascular
risk, polysomnography

Pediatrik Obstriiktif Uyku Apne Sendromunda Uyku Parametreleri ile Trigliserid-Glukoz indeksi Arasindaki
OZET
Amag: Bu calismanin amaci, pediatrik obstriiktif uyku apne sendromu (OSAS) olan ¢ocuklarda polisomnografi (PSG)

ile elde edilen uyku parametreleri ile trigliserid-glukoz (TyG) indeksi arasindaki iligkiyi degerlendirmektir. TyG indeksi,
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insiilin direncinin basit bir gostergesi olarak kabul edilmekle birlikte, pediatrik OSAS’da PSG bulgulart ile iligkisi heniiz
tam olarak agikliga kavusmamastir.

Yontem: Bu retrospektif ¢calismada, Ocak 2020 ile Ocak 2025 tarihleri arasinda gece polisomnografisi uygulanan ve
OSAS tanis1 alan 52 pediatrik hastanin klinik, biyokimyasal ve polisomnografik verileri analiz edildi. TyG indeksi aclik
trigliserid ve glukoz diizeyleri kullanilarak hesaplandi. TyG indeksi ile PSG parametreleri arasindaki iligkiler Spearman
korelasyon analizi ve yas, cinsiyet ile viicut kitle indeksine (VKI) gore diizeltilmis ¢ok degiskenli dogrusal regresyon
modelleri kullanilarak degerlendirildi.

Bulgular: TyG indeksi ile apne-hipopne indeksi (AHI; r = 0,320, p = 0,021) ve oksijen desatiirasyon indeksi (ODI; r =
0,308, p = 0,026) arasinda zayif ancak istatistiksel olarak anlamli pozitif korelasyon, minimum oksijen satiirasyonu ile
ise zayif ancak anlamli negatif korelasyon (r = —0,308, p = 0,027) saptandi. Siddetli OSAS’l1 ¢ocuklarda TyG indeksi,
orta derecede OSAS’l1 cocuklara gére anlamli diizeyde daha yiiksekti (p = 0,018). Yas, cinsiyet ve VKI icin diizeltme
yapildiktan sonra TyG indeksinin AHI, ODI veya minimum oksijen satiirasyonu ile bagimsiz bir iliskisi gosterilemedi
ve diger PSG parametreleri ile de anlamli iliski saptanmadi.

Sonug: Pediatrik OSAS’da TyG indeksi, diizeltilmemis analizlerde apne siddeti ve hipoksi gostergeleri ile iliskili bulun-
mustur. Ancak bu iliskiler, olas1 karistirict faktorler igin diizeltme yapildiktan sonra bagimsizligini korumamistir. TyG
indeksi pediatrik OSAS’da tamamlayici bir metabolik belirte¢ olarak kullanilabilir; ancak bagimsiz klinik degerinin
dogrulanabilmesi i¢in daha genis 6rneklemli prospektif calismalara gereksinim vardir.

Anahtar Kelimeler: Obstriiktif uyku apne sendrom, trigliserid-glukoz indeksi, insiilin direnci; hipoksi, kardiyovaskiiler
risk, polisomnografi

INTRODUCTION vascular morbidity.”'* Metabolic syndrome (MetS)

is a known risk factor for cardiovascular disease in
adults and refers to the clustering of IR, dyslipid-
emia, hypertension, and obesity. In addition, IR in
childhood is associated with an increased risk of car-
diovascular morbidity and mortality later in life.!:!?
Taken together, these data support the hypothesis
that metabolic disorders known to be associated with
increased cardiovascular disease risk begin to devel-
op in early childhood. Measuring IR in patients with
OSAS is of great importance for predicting the risk of
adverse systemic events and monitoring the effects of

Obstructive sleep apnea syndrome (OSAS) is now
recognized as a common medical condition in chil-
dren and has an estimated prevalence of 2—3%.'7 The
prevalence of childhood obesity has been steadily
increasing in Western countries, with rates varying
between 7% and 22% across different countries.®
Such high rates are expected to lead to significant
health problems, particularly in the development of
insulin resistance (IR), type 2 diabetes, and cardio-
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less, low-cost tools such as the triglyceride-glucose
(TyG) index have been defined and tested. The TyG
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oxygen desaturation index (ODI), and mean oxygen
saturation, have been independently associated with
cardiovascular disease risk factors.'* However, there
are only a few studies evaluating the relationship be-
tween other sleep parameters associated with OSAS
and metabolic parameters. Therefore, this study
aimed to evaluate the association between sleep pa-
rameters obtained by PSG and the TyG index in chil-
dren with OSAS.

Figure 1.
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MATERIALS AND METHODS

In this retrospective study, the clinical data of pe-
diatric patients who underwent overnight polysom-
nography (PSG) in our clinic between January 2020
and January 2025 were reviewed. During the study
period, 68 patients were assessed for eligibility. After
applying the inclusion and exclusion criteria, 52 pa-
tients with OSAS were included in the final analysis,
whereas 16 patients were excluded because of pre-
vious continuous positive airway pressure (CPAP)
therapy (n = 3), severe chronic systemic disease (n =

Flow diagram of patient selection

Pediatric patients who underwent overnight
polysomnography (P5G)
January 2020 - January 2025

(n

68)
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Figure - 1

2), additional sleep disorders (n = 2), or incomplete
clinical, laboratory, or polysomnographic data (n =
9). The patient selection process is illustrated in Fig-
ure 1. Overnight PSG was used as the gold standard
for diagnosing and determining the severity of pedi-
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Statistical analyses
* Clinical characteristics
* Biochemical parameters
* PSG parameters
* TyG index analyses

atric OSAS. Sleep recordings included electroencep-
halography, electrooculography, electromyography,
nasal airflow, thoracoabdominal movements, and
oxygen saturation monitoring. OSAS severity was
classified according to the apnea-hypopnea index



MD Ibrahim ARSLAN, MD Mesut GUNES, MD Ahmet HARPER, MD Ahmet ULUAT, MD Omer Tartk SELCUK
Association Between Sleep Parameters and the Triglyceride-Glucose Index in Pediatric

Obstructive Sleep Apnea Syndrome

(AHI) as mild (1 to <5 events/h), moderate (5 to <10
events/h), or severe (>10 events/h). PSG parameters,
including total sleep time, sleep latency, rapid eye
movement (REM) latency, sleep efficiency, arousal
index, minimum oxygen saturation, and oxygen de-
saturation index (ODI), were recorded. Biochemical
measurements included total cholesterol, high-den-
sity lipoprotein, low-density lipoprotein, triglyceri-
des, and fasting blood glucose levels. The TyG index
was calculated using the formula In[fasting triglyce-
rides (mg/dL) x fasting blood glucose (mg/dL)/2].

Exclusion criteria were, previous treatment with
CPAP, severe chronic systemic diseases (e.g., liv-
er, lung, or heart failure), additional sleep disorders
(e.g., severe insomnia, restless legs syndrome, or
narcolepsy), psychiatric disorders, and incomplete
clinical, laboratory, or polysomnographic data. This
retrospective study was approved by the Institution-
al Ethics Committee (Decision No. 7/11, April 17,
2025). The requirement for informed consent was
waived owing to the retrospective study design. All
procedures were performed in accordance with the
Declaration of Helsinki and its subsequent amend-
ments.

Statistical analysis

Descriptive statistics were presented as frequency
and percentage for categorical variables. Continuous
variables were summarized using mean, standard de-
viation, minimum, and maximum values or median
with interquartile range (Q1-Q3), as appropriate ac-
cording to the distribution of the data. The normali-
ty assumption was assessed using the Shapiro—Wilk
test. Since the normality assumption was not met in
comparisons of numerical data among more than two
groups, the Kruskal-Wallis H test was used. Post hoc
pairwise comparisons were performed with Bonfer-
roni correction. Correlations between numerical data
were evaluated using the Spearman correlation test
since the normality assumption was not met.

Multivariable linear regression analyses were per-
formed to evaluate the association between the TyG
index and polysomnographic parameters after adjust-
ment for potential confounding variables. Separate
regression models were constructed for AHI, ODI,
and minimum oxygen saturation. Since AHI and
ODI showed skewed distributions, log-transformed
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AHI and log-transformed ODI + 1 values were used
in the regression models. The main models were
adjusted for age, sex, and body mass index. Addi-
tional models including diabetes and dyslipidemia
were also evaluated as sensitivity analyses. Multicol-
linearity was assessed using variance inflation factor
values. Regression results were presented with beta
coefficients, 95% confidence intervals, and p-values.
A sensitivity analysis was performed after excluding
the patient with the highest triglyceride value to eva-
luate the potential influence of this extreme observa-
tion on the correlation and regression results.

Analyses were performed using IBM SPSS Sta-
tistics for Windows, version 31.0 (IBM Corp., Ar-
monk, NY, USA) and R version 4.5.2 (R Foundation
for Statistical Computing, Vienna, Austria). P < 0.05
was considered statistically significant.

RESULTS

The study included a total of 52 patients, of whom
23.10% were female (n = 12) and 76.90% were male
(n =40). Obesity was detected in 59.60% (n=31) of
the patients, hypertension in 21.20% (n = 11), dyslip-
idemia in 46.20% (n = 24), and diabetes in 11.50% (n
= 6). According to the distribution of OSAS severity,
13.50% (n = 7) of the patients were in the mild dis-
ease group, 19.20% (n = 10) in the moderate disease
group, and 67.30% (n = 35) in the severe disease
group (Table I).

The mean age of the patients was 12.77 &+ 3.33 (5—
17) years, and the mean body mass index was 29.87
+ 6.68 (17-43) kg/m?. The mean TyG index was cal-
culated as 8.52 + 0.76. Among sleep parameters, the
mean AHI was 26.33 £ 25.57, while the mean values
for minimum oxygen saturation and ODI were 83.27
+ 8.9% and 21.46 £ 22.68, respectively. The remain-
ing biochemical and sleep parameters are presented
in Table II.

Table III shows the correlations between the TyG
index and sleep parameters. Accordingly, the TyG
index had a weak but statistically significant posi-
tive correlation with AHI (r = 0.320; p = 0.021) and
ODI (r=10.308; p=0.026). In addition, it had a weak
but statistically significant negative correlation with
minimum oxygen saturation (r = -0.308; p = 0.027).
No significant association was found between the
TyG index and other sleep parameters.
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Table IV presents the comparison of the TyG index according to OSAS severity, revealing statistically signifi-
cant differences (p = 0.018). In post hoc analyses, a significant difference was found only between the moder-
ate and severe OSAS groups (p = 0.04), with the TyG index being higher in the severe OSAS group.

Multivariable linear regression analyses adjusted for age, sex, and BMI showed that the TyG index was not
independently associated with log-transformed AHI (f =0.241, 95% CI —0.161 to 0.643, p = 0.234), log-trans-
formed ODI (B = 0.240, 95% CI —0.137 t0 0.618, p = 0.206), or minimum oxygen saturation (3 =—1.340, 95%
CI—4.830t02.140,p=0.441) (Table V). Sensitivity analyses yielded findings consistent with the primary anal-
yses. After exclusion of the patient with the highest triglyceride value (1653 mg/dL), the correlations between
the TyG index and AHI and minimum oxygen saturation remained weak but statistically significant, whereas

Table I. Demographic and clinical characteristics of the patients (n = 52)

Count (n) Percentage (%)
Sex Female 12 23.10
Male 40 76.90
Obesity Absent 21 40.40
Present 31 59.60
Hypertension Absent 41 78.80
Present 11 21.20
Dyslipidemia Absent 28 53.80
Present 24 46.20
Diabetes Absent 46 88.50
Present 6 11.50
OSAS severity Mild 7 13.50
Moderate 10 19.20
Severe 35 67.30

OSAS: obstructive sleep apnea syndrome
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Table II. Descriptive statistics of clinical, biochemical, and sleep parameters of the patients

n Mean SD Min Max
Age 52 12.77 3.33 5 17
BMI (kg/m?) 52 29.87 6.68 17 43
Systolic blood pressure (mmHg) 52 116.92 16.75 80 150
Diastolic blood pressure (mmHg) 52 73.62 13.33 50 100
Total cholesterol (mg/dL) 52 168.37 48.95 90 369
Serum HDL (mg/dL) 52 48.21 14.57 25 105
Serum LDL (mg/dL) 52 95.31 33.21 37 170
Serum TG (mg/dL) 52 174.12 235.12 39 1653
Fasting blood glucose (mg/dL) 52 83.29 14.27 48 132
TyG index 52 8.52 0.76 7.21 11.03
AHI 52 26.33 25.57 1.1 95
Total sleep time (min) 51 359.33 50.18 202 466
Sleep latency (min) 52 9.86 12.05 0.5 48.5
REM latency (min) 52 149.8 89.59 16.5 376
Sleep efficiency (%) 52 91.39 8.47 62.3 99.4
Arousal index 52 13.8 7.62 0.9 44
Minimum oxygen saturation (%) 52 83.27 8.9 57 93
Oxygen desaturation index 52 21.46 22.68 0.2 82.9

SD: standard deviation, BMI: body mass index, HDL: high-density lipoprotein, LDL: low-density lipopro-
tein, TG: triglyceride, TyG index: triglyceride-glucose index, AHI: apnea-hypopnea index, REM: rapid eye

movement
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Total Sleep Minimum | Oxygen
sleep la- REM Sleep Arous- | oxygen desatu-
time tency latency | efficiency | alin- saturation | ration
AHI (min) (min) (min) (%) dex (%) index
r | 0.320*% | 0.021 0.031 0.162 -0.116 0.099 -0.308* 0.308*
TYG
in- p | 0.021 0.885 0.828 0.251 0.413 0.486 0.027 0.026
dex
n | 52 51 52 52 52 52 52 52

TyG index: triglyceride-glucose index, AHI: apnea-hypopnea index, REM: rapid eye movement, r: Spearman
correlation coefficient.

*p <0.05
Table IV. TyG index according to OSAS severity
TyG index

Paired comparison
OSAS Mean = SD Median (Bonferroni
severity n (Min—Max) (Q1-Q3) p-value | correction)

Mild vs. Moderate:
Mild 7 8.19 £ 0.56 (7.64-9.35) 8.02 (7.79-8.38) 0.018 0.99
Moder- Mild vs. Severe:
ate 10 | 8.10£0.75(7.35-9.6) 7.96 (7.57-8.27) 0.195

Moderate vs. Severe:
Severe 35 | 8.71+£0.75(7.21-11.03) | 8.5(8.17-9.21) 0.040

Kruskal-Wallis H test with Bonferroni-adjusted post hoc pairwise comparisons. Significant p-values are
shown in bold. TyG index: triglyceride-glucose index, OSAS: obstructive sleep apnea syndrome, SD: stan-
dard deviation
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Table V. Multivariable linear regression analyses of the association between the
TyG index and polysomnographic parameters

Dependent variable B for TyG index 95% CI1 p-value Adjusted covariates
log(AHI) 0.241 -0.161- 0.643 0.234 Age, sex, BMI
log(ODI + 1) 0.240 -0.137-0.618 0.206 Age, sex, BMI

Minimum oxygen
saturation -1.340 -4.830-2.140 0.441 Age, sex, BMI

Values are presented as unstandardized regression coefficients. AHI and ODI were log-transformed because
of their skewed distributions. TyG: triglyceride-glucose index; AHI: apnea-hypopnea index; ODI: oxygen
desaturation index; BMI: body mass index; CI: confidence interval.

Table VI. Sensitivity analysis after exclusion of the patient with the highest triglyceride value

Analysis Outcome Fstlmate for TyG 95% CI1 p-value
index

Spearman correlation AHI 0.279 0.047

Spearman correlation ODI 0.267 0.058

Spearman correlation Mlnlm}lm oxygen -0.278 0.048

saturation

. . -0.312-

Adjusted regression log(AHI) 0.155 0.621 0.507
. . -0.316-

Adjusted regression log(ODI + 1) 0.118 0.552 0.587
. . Minimum oxygen -3.590-

Adjusted regression saturation 0.351 4290 0.858

The sensitivity analysis was performed after excluding the patient with the highest triglyceride value of 1653
mg/dL. Spearman correlation estimates are presented as correlation coefficients. Adjusted regression estimates
are presented as unstandardized regression coefficients for the TyG index. Regression models were adjusted
for age, sex, and BMI. AHI and ODI were log-transformed in regression models.
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Table VII. Sensitivity analyses with additional adjustment for diabetes and dyslipidemia

Dependent B for TyG

variable Model index 95% CI p-value

log(AHI) Age, sex, BMI 0.241 -0.161- 0.643 | 0.234

log(AHI) Age, sex, BMI, diabetes 0.183 -0.240- 0.606 | 0.388
Age, sex, BMI,

log(AHI) dyslipidemia 0.140 -0.369-0.648 | 0.583
Age, sex, BMI,

log(AHI) diabetes, dyslipidemia 0.114 -0.401-0.629 | 0.658

log(ODI + 1) Age, sex, BMI 0.240 -0.137-0.618 | 0.206

log(ODI + 1) Age, sex, BMI, diabetes 0.259 -0.140-0.659 | 0.198
Age, sex, BMI, dyslipid-

log(ODI + 1) emia 0.194 -0.285-0.673 | 0.419
Age, sex, BMI, diabetes,

log(ODI + 1) dyslipidemia 0.206 -0.282-0.694 | 0.399

Minimum oxygen

saturation Age, sex, BMI -1.340 -4.830-2.140 0.441

Minimum oxygen

saturation Age, sex, BMI, diabetes -0.825 -4.480-2.830 0.652

Minimum oxygen Age, sex, BMI, dyslipid-

saturation emia -2.280 -6.680-2.120 | 0.302

Minimum oxygen Age, sex, BMI, diabetes,

saturation dyslipidemia -1.970 -6.390-2.460 | 0.376

Values are presented as unstandardized regression coefficients for the TyG index. AHI and ODI were log-trans-
formed. TyG: triglyceride-glucose index; AHI: apnea-hypopnea index; ODI: oxygen desaturation index; BMI:

body mass index; CI: confidence interval.

the correlation with ODI was no longer statistically
significant. Likewise, the adjusted regression models
remained non-significant (Table VI). Additional sen-
sitivity analyses including diabetes and dyslipidemia
yielded similar findings (Table VII).

DISCUSSION

In this study, the association between the TyG index
and PSG sleep parameters was evaluated in children
with OSAS, and the TyG index was found to have
significant correlations particularly with AHI and
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ODI. These findings suggest a possible relationship
between metabolic impairment and disease severity;
however, this association was not confirmed after
adjustment for potential confounding variables. It is
increasingly understood that OSAS in childhood is
not only a respiratory disorder but also a systemic
disease associated with metabolic and cardiovascu-
lar risks.!"12!4 In particular, intermittent hypoxia and
sleep fragmentation are among the main mechanisms
playing a role in the development of IR.'>!¢ In this
study, the positive correlation found between the
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TyG index and AHI suggests that IR may increase as
OSAS severity increases. This finding is consistent
with studies demonstrating the relationship between
OSAS and insulin resistance in both adult and pedi-
atric populations.'”-!¥

The TyG index has recently emerged as a practical,
inexpensive, and reliable biomarker for the assess-
ment of insulin resistance. The TyG index was first
defined by Simental-Mendia et al.”” and was later
reported to show a strong correlation with the hy-
perinsulinemic-euglycemic clamp method.* This
index has also been shown to be closely associated
with cardiovascular disease risk.'*?! Although most
evidence regarding the TyG index has been derived
from adult populations, growing evidence supports
its clinical relevance in children and adolescents as
well. Rodriguez-Moran et al. demonstrated a strong
agreement between the TyG index and both the hy-
perinsulinemic-euglycemic clamp and the homeo-
stasis model assessment of insulin resistance (HO-
MA-IR) for identifying insulin resistance in children
and adolescents.”> Kang et al. further reported that
the TyG index was significantly correlated with HO-
MA-IR and may serve as a practical surrogate marker
of insulin resistance in adolescents.?® In addition, Kim
et al. showed that the TyG index had good diagnos-
tic performance for identifying metabolic syndrome
in Korean children and adolescents.?* Collectively,
these findings support the potential value of the TyG
index as a simple and readily available metabolic
marker in pediatric populations. In the current study,
the positive correlation of the TyG index with ODI
and its negative correlation with minimum oxygen
saturation support the metabolic effects of hypoxia. It
is known that intermittent hypoxia contributes to the
development of IR by increasing oxidative stress and
inflammation. >

In comparisons performed according to OSAS sever-
ity, the finding that the TyG index was significantly
higher in the severe disease group than in the moder-
ate disease group suggests that metabolic effects be-
come more pronounced as disease severity increases.
Similarly, studies conducted in children have report-
ed that the presence of OSAS is associated with IR
and metabolic disorders.”**® These findings indicate
that early diagnosis and treatment of OSAS in child-
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hood are critical not only in terms of respiratory
outcomes but also metabolic consequences. Howev-
er, we found no significant correlation between the
TyG index and the remaining sleep parameters. This
suggests that metabolic effects may be more closely
related to hypoxia and apnea frequency. In the liter-
ature, it has also been reported that parameters such
as oxygen desaturation and AHI are more strongly
associated with metabolic risk.'*!

One of the important limitations of our study is the
inability to establish a healthy control group because
only children with OSAS were included. This may
have limited comparisons with the general pediatric
population and restricted the generalizability of our
findings. Although significant correlations were ob-
served in the unadjusted analyses, these associations
were no longer statistically significant after adjust-
ment for age, sex, and BMI. This finding suggests
that the observed relationships may have been influ-
enced by these covariates rather than representing
independent associations. However, the relatively
small sample size may have limited the statistical
power of the adjusted analyses, and residual con-
founding cannot be completely excluded. Although
sensitivity analyses after exclusion of the patient
with the highest triglyceride value yielded similar
results, the presence of this extreme value highlights
the need for validation in larger prospective cohorts.
Lastly, the retrospective design of the study is anoth-
er important limitation.

CONCLUSION

This study demonstrated significant unadjusted cor-
relations between the TyG index and measures of
OSAS severity and hypoxia in children. Howev-
er, these associations were no longer statistically
significant after adjustment for age, sex, and BMI,
suggesting that the observed relationships were not
independent of these covariates. Therefore, the TyG
index should be interpreted as a complementary met-
abolic marker rather than an independent indicator of
disease severity. Further prospective studies are war-
ranted to determine whether the TyG index provides
independent clinical value as a metabolic marker in
pediatric OSAS.



MD Ibrahim ARSLAN, MD Mesut GUNES, MD Ahmet HARPER, MD Ahmet ULUAT, MD Omer Tartk SELCUK
Association Between Sleep Parameters and the Triglyceride-Glucose Index in Pediatric

Obstructive Sleep Apnea Syndrome

Funding
This study did not obtain any specific funding from
public, commercial, or non-profit agencies.

Conflict of interest
The authors declare no conflicts of interest.

All authors have read and approved the final ma-
nuscript.

REFERENCES

10.

O’Brien LM, Holbrook CR, Mervis CB, Klaus CJ, Bruner
JL, Raffield TJ. Sleep and neurobehavioral characteristics
of 5- to 7-year-old children with parentally reported symp-
toms of attention-deficit/hyperactivity disorder. Pediatrics
2003;111:554-563. (PMID: 12612236)

Schlaud M, Urschitz MS, Urschitz-Duprat PM, Poets CF.
The German study on sleep-disordered breathing in pri-
mary school children: epidemiological approach, repre-
sentativeness of study sample, and preliminary screening
results. Paediatr Perinat Epidemiol 2004;18:431-440.
(PMID: 15535869)

Kaditis AG, Finder J, Alexopoulos EI, Tanou K, Gour-
goulianis K, Kaditis DG, Molyvdas PA. Sleep-disorde-
red breathing in 3,680 Greek children. Pediatr Pulmonol
2004;37:499-509. (PMID: 15170800)

Montgomery-Downs HE, O’Brien LM, Holbrook CR,
Gozal D. Snoring and sleep-disordered breathing in
young children: subjective and objective correlates. Sleep
2004;27:87-94. (PMID: 14998244)

Blunden S, Lushington K, Lorenzen B, Wong J, Balendran
R, Kennedy D. Symptoms of sleep breathing disorders in
children are underreported by parents at general practice
visits. Sleep Breath 2003;7:167-176. (PMID: 14605980)

Lofstrand-Tidestrom B, Hultcrantz E. The development of
snoring and sleep related breathing distress from 4 to 6 ye-
ars in a cohort of Swedish children. Int J Pediatr Otorhino-
laryngol 2007;71:1025-1033. (PMID: 17412476)

Spruyt K, O’Brien LM, Macmillan Coxon AP, Cluydts R,
Verleye G, Ferri R. Multidimensional scaling of pediatric
sleep breathing problems and bio-behavioral correlates.
Sleep Med 2006;7:269-280. (PMID: 16564149)

Lobstein T, Jackson-Leach R. Child overweight and obe-
sity in the USA: prevalence rates according to IOTF defini-
tions. Int J Pediatr Obes 2007;2:62-64. (PMID: 17852552)

Freedman DS, Dietz WH, Srinivasan SR, Berenson GS.

The relation of overweight to cardiovascular risk factors
among children and adolescents: the Bogalusa Study. Pedi-
atrics 1999;103:1175-1182. (PMID: 10353925)

Dubose KD, Eisenmann JC, Donnelly JE. Aerobic fitness
attenuates the metabolic syndrome score in normal-weight,

95

I1.

13.

14.

15.

16.

17.

18.

19.

20.

21.

KBB-Forum
2026;25(3)
www.KBB-Forum.net

at-risk-for-overweight, and overweight children. Pediatrics
2007;120:e1262-e1268. (PMID: 17974714)

Srinivasan SR, Myers L, Berenson GS. Predictability of
childhood adiposity and insulin for developing insulin re-
sistance syndrome (syndrome X) in young adulthood: the
Bogalusa Heart Study. Diabetes 2002;51:204-209. (PMID:
11756349)

. Steinberger J, Moorehead C, Katch V, Rocchini AP. Re-

lationship between insulin resistance and abnormal lipid
profile in obese adolescents. J Pediatr 1995;126:690-695.
(PMID: 7752009)

Khalaji A, Behnoush AH, Khanmohammadi S, Rezaei
N. Triglyceride-glucose index and heart failure: a sys-
tematic review and meta-analysis. Cardiovasc Diabetol
2023;22:244. (PMID: 37821310)

Hausler N, Marques-Vidal P, Heinzer R, Haba-Rubio J.
How are sleep characteristics related to cardiovascular he-
alth? Results from the population-based HypnoLaus study.
J Am Heart Assoc 2019;8:e011372. (PMID: 30676043)

Ryan S, Taylor CT, McNicholas WT. Selective activation
of inflammatory pathways by intermittent hypoxia in obst-
ructive sleep apnea syndrome. Circulation 2005;112:2660-
2667. (PMID: 16230484)

Lévy P, Ryan S, Oldenburg O, Parati G. Sleep apnoea
and the heart. Eur Respir Rev 2013;22:333-352. (PMID:
23997068)

Ip MS, Lam B, Ng MM, Lam WK, Tsang KW, Lam
KS. Obstructive sleep apnea is independently associa-
ted with insulin resistance. Am J Respir Crit Care Med
2002;165:670-676. (PMID: 11874812)

Verhulst SL, Schrauwen N, Haentjens D, Rooman RP, Van
Gaal L, De Backer WA, Desager KN. Sleep-disordered
breathing and the metabolic syndrome in overweight and
obese children and adolescents. J Pediatr 2007;150:608-
612. (PMID: 17517246)

Simental-Mendia LE, Rodriguez-Moran M, Guerrero-Ro-
mero F. The product of fasting glucose and triglycerides as
surrogate for identifying insulin resistance. Metab Syndr
Relat Disord 2008;6:299-304. (PMID: 19067533)

Guerrero-Romero F, Simental-Mendia LE, Gonzalez-Or-
tiz M, Martinez-Abundis E, Ramos-Zavala MG, Her-
nandez-Gonzalez SO, Jacques-Camarena O, Rodrigu-
ez-Moran M. The product of triglycerides and glucose, a
simple measure of insulin sensitivity: comparison with the
euglycemic-hyperinsulinemic clamp. J Clin Endocrinol
Metab 2010;95:3347-3351. (PMID: 20444913)

Zheng H, Chen G, Wu K, Huang X, Zhang L, Liu H, Wang
Y, Li M. Relationship between cumulative exposure to
triglyceride-glucose index and heart failure: a prospective
cohort study. Cardiovasc Diabetol 2023;22:239. (PMID:
37807966)



MD Ibrahim ARSLAN, MD Mesut GUNES, MD Ahmet HARPER, MD Ahmet ULUAT, MD Omer Tartk SELCUK KBB-Forum
Association Between Sleep Parameters and the Triglyceride-Glucose Index in Pediatric 2026;25(3)
Obstructive Sleep Apnea Syndrome www.KBB-Forum.net

22. Rodriguez-Moran M, Simental-Mendia LE, Guerrero-Ro-
mero F. The triglyceride and glucose index is useful for
recognising insulin resistance in children. Acta Paediatr.
2017;106:979-983. (PMID: 28218949)

23. Kang B, Yang Y, Lee EY, Yang HK, Kim HS, Lim SY,
Lee JH, Lee SS, Suh BK, Yoon KH. Triglycerides/gluco-
se index is a useful surrogate marker of insulin resistance
among adolescents. Int J Obes (Lond). 2017;41:789-792.
(PMID: 28104918)

24. Kim JW, Park SH, Kim Y, Im M, Han HS. The cutoff va-
lues of indirect indices for measuring insulin resistance for
metabolic syndrome in Korean children and adolescents.
Ann Pediatr Endocrinol Metab. 2016;21:143-148. (PMID:
27777906)

25. Gozal D, Kheirandish-Gozal L. Obesity and excessive day-
time sleepiness in prepubertal children with obstructive sle-
ep apnea. Pediatrics 2009;123:13-18. (PMID: 19117866)

26. Bhushan B, Maddalozzo J, Sheldon SH, Haymond S. Me-
tabolic alterations in children with obstructive sleep apnea.
Int J Pediatr Otorhinolaryngol 2014;78:854-859. (PMID:

24725806)

96



	_Hlk190521824

