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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
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articles. Tables and graphs must be headed.
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Children and adolescents with type 1 diabetes
mellitus (TIDM) are at increased risk of future cardiovascular
disease, and dyslipidemia is one of the major modifiable
contributors to this risk. In recent years, atherogenic lipid indices
have been considered more sensitive markers of cardiovascular
risk than isolated lipid parameters.

Objective: To assess the lipid spectrum in Georgian children
with TIDM and to determine the association between glycemic
control and dyslipidemia.

Methods: This retrospective cross-sectional study included
230 children and adolescents aged 9-18 years (mean age 13.22
+ 2.82 years) with TIDM from the Megalab clinical cohort.
Dyslipidemia was defined as one or more abnormal lipid or
lipoprotein values according to pediatric criteria. The following
parameters and indices were evaluated: total cholesterol (TC),
low-density lipoprotein cholesterol (LDL-C), high-density
lipoprotein cholesterol (HDL-C), triglycerides (TG), non-
HDL-C, TC/HDL-C, LDL-C/HDL-C, non-HDL-C/HDL-C,
TG/HDL-C, atherogenic index of plasma [AIP = loglO(TG/
HDL-C)], and LDL-C minus HDL-C. Statistical analysis was
performed using SPSS version 23.

Results: Participants with inadequate glycemic control
(HbAlc > 7%; n = 72) had significantly higher TC, LDL-C,
TG, non-HDL-C, and all assessed atherogenic indices except
HDL-C, compared with those with HbAlc < 7% (n = 158).
In logistic regression analysis, age (B=0.12; p=0.028). OR =
1.12(95% CI: 1.01-1.24) and HbAlc (B=0.20; p=0.002), OR
= 1.22(95% CI: 1.08-1.39) were independent predictors of
dyslipidemia, while sex was not.

Conclusions: In children with TIDM, inadequate glycemic
control (HbAlc > 7%) is associated with a more unfavorable
atherogenic lipid profile. Atherogenic lipid indices are clinically
important in children with TIDM because they reflect the
overall effect of atherogenic lipoproteins better than any single
lipid parameter alone. HbAlc is an independent predictor of
dyslipidemia in children with TIDM.

Key words. Children, type 1 diabetes mellitus, lipid spectrum,
dyslipidemia.

Introduction.

Globally, in 2024, approximately 9.15 million people were
living with clinically diagnosed type 1 diabetes mellitus (T1DM)
[1], of whom 1.81 million (19.8%) were younger than 20 years.
In patients with T1IDM, the risk of cardiovascular disease is
substantially higher than in non-diabetic peers [2]. Children
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with TIDM often face age-specific challenges in disease
management, which increase the relative risk of metabolic
complications and adverse health outcomes [3].

In patients with diabetes, the pathophysiology of cardiovascular
disease is multifactorial, and dyslipidemia plays a central role
[4].

In children with T1DM, dyslipidemia is a frequent complication
and is closely related to the quality of glycemic control. Studies
have shown that children and adolescents with poor metabolic
control more often exhibit hypertriglyceridemia, elevated
LDL-C, and reduced HDL-C [5-7]. These abnormalities
contribute to an increased risk of early atherosclerosis and
subsequent cardiovascular disease from a young age [8-10].

In recent years, special attention has been directed toward
atherogenic lipid indices, which are considered more sensitive
markers of cardiovascular risk than isolated components of the
lipid profile [4].

Indices such as TC/HDL-C, LDL-C/HDL-C, non-HDL-C/
HDL-C, and TG/HDL-C reflect the balance between atherogenic
and antiatherogenic lipoprotein fractions and may serve as
important indicators of early vascular injury in children with
TI1DM [11].

Aim of the Study.

The aim of this study was to assess the lipid spectrum in
Georgian children with TIDM and to determine the association
between glycemic control and dyslipidemia.

Materials and Methods.

This retrospective cross-sectional study was based on
biochemical data from 230 children and adolescents with
T1DM aged 9-18 years (mean age 13.22 + 2.82 years) from the
Megalab clinical cohort.

A cross-sectional, analytical study was conducted. Inclusion
criteria: children and adolescents with a confirmed diagnosis of
type 1 diabetes mellitus, informed consent of the parent/guardian.
Exclusion criteria: other metabolic or endocrine diseases, taking
medications that affect the lipid profile, incomplete data.

Glycemic control was assessed by glycosylated hemoglobin
(HbA1C) [12].

Biochemical assessment was performed after a 12-hour
overnight fast. Serum total cholesterol (TC), triglycerides (TG),
high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), fasting glucose, and glycated
hemoglobin (HbAlc) were analyzed on the Atellica® CH
Analyzer (Siemens Healthcare Diagnostics Inc., USA) using
manufacturer-recommended methods. LDL-C was measured

30



by a direct homogeneous assay without off-line pretreatment or
centrifugation. The assay uses a two-reagent format in which
non-LDL lipoproteins are selectively solubilized first, whereas
the remaining LDL particles are subsequently solubilized and
quantified by an enzymatic colorimetric reaction measured at
545/694 nm. HDL-C was determined by a direct enzymatic
assay based on selective masking of non-HDL lipoproteins
followed by HDL-specific solubilization and color development.
Triglycerides were measured by an enzymatic method
involving lipoprotein lipase, glycerol kinase, and glycerol-
3-phosphate oxidase, with endpoint detection at 505/694 nm.
Total cholesterol was determined by an enzymatic colorimetric
assay after hydrolysis by cholesterol esterase and oxidation by
cholesterol oxidase, with endpoint measurement at 505/694 nm.
Fasting glucose was measured using the hexokinase method with
absorbance measured at 340/410 nm. HbA lc was measured by
an enzymatic assay in anticoagulated venous whole blood, and
results were reported in DCCT/NGSP units (%).

Dyslipidemia was defined as the presence of one or more
abnormal lipid or lipoprotein values. According to the American
Diabetes Association criteria used in the source manuscript,
dyslipidemia was defined by LDL-C > 100 mg/dL, HDL-C <
40 mg/dL in males and < 50 mg/dL in females, total cholesterol
(TC) > 200 mg/dL, and triglycerides (TG) > 130 mg/dL [13],
and was considered present if one or more of these parameters
were abnormal [14,15].

The following lipid indices were evaluated: non-HDL-C,
TG/HDL-C, atherogenic index of plasma (AIP) = loglO(TG/
HDL-C), HDL-C/LDL-C, Castelli index 1 (TC/HDL-C),
Castelli index II (LDL-C/HDL-C), non-HDL-C/HDL-C, and
LDL-C - HDL-C.

The study protocol was approved by the ethics committee of
David Aghmashenebeli University of Georgia.

For quantitative variables, mean values and standard
deviations were calculated; for categorical variables,
frequencies and percentages were used. Differences between
quantitative variables were assessed using Student's t-test for

independent samples, with equality of variances evaluated using
Levene's test. For categorical data, Fisher's exact test was used.
Multivariable binary logistic regression analysis was performed
to estimate the relative odds of dyslipidemia. A p value < 0.05
was considered statistically significant. Statistical analysis was
conducted using SPSS version 23.

Results.

The age distribution of the participants is shown in Figure 1.
The mean age was 13.22 4+ 2.82 years, and the highest frequency
was observed at 15 years of age (15.2%).

The baseline characteristics of children with TIDM are
presented in Table 1.

The proportion of girls was 112 (48.7%), indicating an
approximately balanced sex distribution. The mean HbA lc was
7.13+2.7%, with a minimum of 5.0% and a maximum of 13.6%.
According to international recommendations for pediatric
diabetes management, the target HbAlc is < 7% [16]. These
findings suggest that average glycemic control in the study
population was broadly acceptable, although the maximum
value and the relatively large standard deviation indicate marked
variability and poor control in some patients.

The mean total cholesterol was 175.92 + 37.08 mg/dL, which
is close to the borderline range, whereas the maximum value
of 317.29 mg/dL indicates hypercholesterolemia in some
patients. The mean LDL-C was 106.99 + 29.54 mg/dL, near the
upper limit of normal, suggesting a tendency toward increased
atherogenic lipoproteins. The mean HDL-C was 45.07 = 12.31
mg/dL, at the lower end of the desirable range, which may
indicate a partial reduction in antiatherogenic protection. The
mean triglyceride level was 119.28 + 67.52 mg/dL, also within
a borderline range, while the maximum value of 372.60 mg/
dL suggests severe hypertriglyceridemia in a subset of patients.
Overall, the atherogenic indices indicate a potential increase in
cardiovascular risk.

We compared lipid characteristics according to glycemic
control: good glycemic control (HbAlc < 7%; Group I, n=158)
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Table 1. Baseline characteristics of children with T1DM.

Variable Minimum Maximum Mean SD
Age, years 9.00 18.00 13.22 2.82
HbAlc, % 5.00 13.6 7.13 2.79
TC, mg/dL 100.12 317.29 175.92 37.08
LDL-C, mg/dL 47.51 201.17 106.99 29.54
HDL-C, mg/dL 23.54 85.07 45.07 12.31
TG, mg/dL 34.34 372.60 119.28 67.52
Non-HDL-C, mg/dL 58.75 270.49 130.84 36.23
TC/HDL-C 2.22 8.96 4.14 1.27
LDL-C/HDL-C 1.02 6.27 2.55 0.99
Non-HDL-C/HDL-C 1.22 7.96 3.14 1.27
TG/HDL-C 1.00 13.46 2.95 2.09
log10(TG/HDL-C) 0.00 1.13 0.38 0.27
LDL-C - HDL-C, mg/dL 1.15 156.81 61.92 32.19

Table 2. Comparison of lipid characteristics according to glycemic control.

. Group I (HbAlc < 7%; n=158) Group II (HbAlc > 7%; n=72)

Variable Mean SD Mean SD ¢ P

TC, mg/dL 169.06 31.97 190.68 43.16 -4.24 <0.001
LDL-C, mg/dL 103.08 27.97 115.56 31.23 -3.02 0.003
HDL-C, mg/dL 45.59 12.38 43.66 12.56 1.09 0.275
TG, mg/dL 101.95 44.59 157.30 90.41 -6.22 <0.001
Non-HDL-C, mg/dL 123.47 31.24 147.02 41.11 -4.33 <0.001
TC/HDL-C 3.93 1.16 4.65 1.46 -3.99 <0.001
LDL-C/HDL-C 2.44 0.97 2.84 1.10 -2.65 0.009
Non-HDL-C/HDL-C 2.93 1.16 3.65 1.46 -3.99 <0.001
TG/HDL-C 247 1.44 4.04 2.80 -5.62 <0.001
log10(TG/HDL-C) 0.33 0.23 0.50 0.31 -4.69 <0.001
LDL-C - HDL-C, mg/dL. 57.49 31.46 71.90 31.94 -3.21 0.002

When comparing age between groups divided by HbAlc, a statistically significant difference was revealed: Group I (HbAlc <7%): 12.96 = 2.77

years, Group Il (HbAlc >7%): 13.81 £ 2.87 years, (t =-2.11; p=0.037).

Table 3. Distribution of age and HbAlc according to dyslipidemia status.

Without dyslipidemia (N=85) With dyslipidemia (N=145) ¢ p
Factor Mean SD Mean SD
HbAlc, % 6.23 2.05 7.66 3.03 -3.86 <0.001
Age 12.53 2.60 13.63 2.87 -2.97 0.003

Table 4. Logistic regression analysis of dyslipidemia risk according to age, sex, and HbAlc.

B S.E. Wald p. Exp(B) 95% C.I for OR
HbAlc 0.20 0.07 9.74 0.002 1.22 1.08 1.39
Age 0.12 0.05 4.80 0.028 1.12 1.01 1.24
Female 0.18 0.29 0.38 0.537 1.20 0.68 2.11
Constant -2.43 0.77 9.86 0.002 0.09

and inadequate glycemic control (HbAlc > 7%; Group II, n =
72) (Table 2).

Analysis of the lipid profile showed that several atherogenic
parameters were significantly higher in children with inadequate
glycemic control. Specifically, total cholesterol was higher in
Group II than in Group I (190.68 + 43.16 mg/dL vs 169.06 +
31.97 mg/dL; t = -4.24; p < 0.001). LDL-C was also higher
(115.56 + 31.23 mg/dL vs 103.08 + 27.97 mg/dL; t = -3.02; p
= 0.003), and non-HDL-C was markedly elevated in the poor-
control group (147.02 +41.11 mg/dL vs 123.47 + 31.24 mg/dL;
t=-4.33; p <0.001), indicating a more pronounced atherogenic
lipid profile.
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HDL-C did not differ significantly between the groups (45.59
+ 12.38 mg/dL vs 43.66 + 12.56 mg/dL; t = 1.09; p = 0.275),
suggesting that, in this sample, glycemic control did not
substantially affect HDL-C concentration.

Triglycerides were significantly higher in Group II than in
Group I (157.30 + 90.41 mg/dL vs 101.95 £+ 44.59 mg/dL; t =
-6.22; p <0.001).

Assessment of atherogenic indices showed that all evaluated
indices were significantly higher in Group II. Specifically, TC/
HDL-C was 4.65 + 1.46 versus 3.93+1.16 (p <0.001), LDL-C/
HDL-C was 2.84 + 1.10 versus 2.44 + 0.97 (p = 0.009), non-
HDL-C/HDL-C was 3.65 + 1.46 versus 2.93 = 1.16 (p < 0.001),



TG/HDL-C was 4.04 + 2.80 versus 2.47 = 1.44 (p < 0.001),
logl0(TG/HDL-C) was 0.50 = 0.31 versus 0.33 £ 0.23 (p <
0.001), and LDL-C - HDL-C was 71.90 & 31.94 versus 57.49 +
31.46 (p = 0.002).

These findings indicate that inadequate glycemic control in
children with TIDM is associated with a more unfavorable lipid
profile and higher atherogenic indices, which may be linked to
an increased risk of future cardiovascular complications.

In the next stage of the analysis, participants were divided
according to the presence of dyslipidemia: Group I without
dyslipidemia and Group II with dyslipidemia (Table 3).

In the dyslipidemia group, both age and HbAlc were
significantly higher than in the group without dyslipidemia.

Using logistic regression, we assessed the risk of dyslipidemia
according to age, sex, and HbAlc (Table 4).

Female sex was not a statistically significant factor (p =
0.537), indicating that sex was not independently associated
with dyslipidemia in this cohort.

Age was a statistically significant factor (B=0.12; p=0.028),
OR =1.12(95% CI: 1.01-1.24). Each additional year of age was
associated with an approximately 12% increase in the odds of
dyslipidemia.

HbAlc was also statistically significant (B=0.20; p=0.002),
OR = 1.22(95% CI: 1.08-1.39), indicating that higher HbAlc
was associated with a 22% increase in the odds of dyslipidemia.

Discussion.

In the study by Selvaraj et al. [15], the prevalence of
dyslipidemia among children and adolescents with type 1
diabetes mellitus was 67.3%. In our cohort, dyslipidemia was
present in 63.04% of participants (145/230).

Lipid reference values in childhood and adolescence may vary
with age and pubertal development. Nevertheless, major clinical
guidelines (American Diabetes Association) recommend
standardized lipid cutoffs for screening and risk stratification
in high-risk pediatric populations such as those with diabetes.
Because Tanner stage data were unavailable, we could not
stratify analyses by pubertal status, which may have introduced
some misclassification when applying uniform thresholds
across ages.

HbA1C remains the most important modifiable determinant of
the occurrence of dyslipidemia [ 16]. The analysis of the obtained
results suggests that, although some parameters remained within
normal limits, children with TIDM showed a tendency toward
the development of an atherogenic lipid profile [17].

Older age was associated with higher HbAlc levels and
poorer metabolic control, a trend particularly evident during
adolescence. During puberty, insulin resistance increases;
growth hormone and sex steroids reduce insulin effectiveness,
making glycemic control more difficult and HbAlc levels
higher [18].

The poor glycemic control group had significantly higher total
cholesterol, LDL-C, triglycerides, non-HDL-C, and nearly all
atherogenic indices. This suggests that, in our study population,
lipid abnormalities were more strongly related to the quality of
metabolic control than to age differences. Similar associations
have been reported in contemporary pediatric studies, where
worse glycemic control is associated with a less favourable
metabolic and cardiovascular profile [19].
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In TIDM, chronic hyperglycemia and relative insulin
deficiency promote lipolysis, excessive hepatic very-low-
density lipoprotein production, and accumulation of triglyceride-
rich lipoproteins; LDL metabolism is also altered, ultimately
producing a more atherogenic lipid profile [20]. In our data, the
increases in total cholesterol, LDL-C, and triglycerides in the
HbAlc > 7% group are consistent with these mechanisms and
with the concept that LDL-C remains the principal modifiable
lipid risk factor in T1DM, while improvement of glycemic
control and lifestyle measures remains the cornerstone of
management in children and adolescents [21].

In our study, HDL-C did not differ significantly between groups
(p = 0.275). According to the literature, the quantitative HDL-C
level in children and adolescents with TIDM does not always
reflect actual vascular risk, because HDL may remain normal
or even relatively high while its antiatherogenic functionality
is impaired. Therefore, an unchanged HDL-C level does not
exclude cardiovascular risk, especially when triglycerides,
LDL-C, non-HDL-C, and atherogenic indices are elevated [22].

The increase in lipid parameters in the HbAlc > 7% group
indicates that such patients require not only optimization of
glycemia but also targeted lipid monitoring and, when necessary,
specific intervention [23].

Particularly noteworthy is the significant increase in non-
HDL-C, TC/HDL-C, LDL-C/HDL-C, non-HDL-C/HDL-C,
and TG/HDL-C in the HbAlc > 7% group. This indicates
that poor glycemic control is associated not only with higher
isolated lipid values but also with the formation of a more
globally atherogenic lipid environment. In American Diabetes
Association documents, non-HDL-C is considered an important
marker of atherosclerosis risk and persistent dyslipidemia
in children and adolescents. In this context, the increase in
non-HDL-C and the related ratios found in our study may be
interpreted as markers of early cardiovascular risk [24].

Our findings support the view that HbAlc > 7% in childhood
may be regarded not only as a marker of hyperglycemia but also
as an important marker of atherogenic dyslipidemia. Clinically,
these data are consistent with recommendations that regular
lipid screening should be performed in children with TIDM.
Contemporary guidance recommends lipid assessment after
glycemic stabilization at diagnosis or within the first months
thereafter, followed by regular reassessment. When LDL-C
and triglycerides exceed target thresholds, management should
include improved glycemic control as well as dietary and
physical activity interventions; in selected cases, statin therapy
may need to be considered [25].

According to the literature, TC/HDL-C < 3.5 is considered
a low cardiovascular risk marker, whereas values > 4-5 are
associated with an increased risk of atherogenic processes [26].
In our study, TC/HDL-C was 3.93 + 1.16 in the HbAlc < 7%
group and 4.65 + 1.46 in the HbAlc > 7% group (p < 0.001),
indicating a higher cardiovascular risk in the poor-control group.
Similarly, non-HDL-C/HDL-C was 2.93 + 1.16 in the HbAlc <
7% group and 3.65 + 1.46 in the HbA1c > 7% group (p <0.001).
Higher values of this index have been associated with excess
atherogenic lipoproteins, and the findings in the poor-control
group suggest increased cardiovascular risk [27].



Elevated TG/HDL-C has been associated with insulin
resistance, metabolic syndrome, and early signs of
atherosclerosis [28]. In our cohort, TG/HDL-C was 2.47 + 1.44
in the HbAlc < 7% group and 4.04 = 2.80 in the HbAlc > 7%
group (p <0.001), suggesting a significant increase in metabolic
and cardiovascular risk in the latter group.

AIP values > 0.21 have been associated with increased
cardiovascular risk [29]. In our study, AIP was 0.33 + 0.23 in the
HbA1c < 7% group and 0.50 + 0.31 in the HbA1c > 7% group (p
< 0.001). Both groups had elevated mean values, but the poor-
control group had a significantly more pronounced atherogenic
profile.

Logistic regression analysis showed that age and HbAlc were
independently associated with dyslipidemia. Each additional
year of age was associated with a 12% increase in the odds of
dyslipidemia. Female sex was not independently associated
with dyslipidemia in this cohort; this finding is consistent with
evidence that the usual female protective effect on cardiovascular
risk is attenuated in type 1 diabetes mellitus [30].

The literature suggests that lipid parameters worsen with age in
children with type 1 diabetes mellitus [6] and may also vary by
sex [31]. Our data are consistent with the conclusion that age is
independently associated with dyslipidemia in this population.

Because lipid parameters depend on diabetes control [32],
our finding that higher HbAlc is independently associated with
dyslipidemia is biologically plausible and clinically relevant.

Conclusion.

In children with T1DM, inadequate glycemic control (HbAlc
> 7% is associated with a more unfavorable atherogenic lipid
profile.

Atherogenic lipid indices are clinically important in children
with TIDM because they reflect the overall effect of atherogenic
lipoproteins better than any single lipid parameter alone.

HbAlc is independently associated with dyslipidemia in
children with TIDM.

Study Limitations.

This was a retrospective cross-sectional study; therefore,
causal relationships cannot be established with certainty.

Some potential confounding factors were not available,
including dietary habits, body mass index and obesity status,
physical activity level, and duration of diabetes, all of which
may affect lipid metabolism. Because body mass index and
obesity status could not be included in the multivariable
analysis, residual confounding is possible and the magnitude of
the observed associations may be over- or underestimated.
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