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ARTICLE INFO ABSTRACT

Keywords: Background and aims: Thyroid hormones regulate lipoprotein metabolism—primarily by up-regulating the LDL
TSH receptor. Whether TSH relates to LDL-C in hypercholesterolemic children, and whether this depends on familial
Low-density lipoprotein cholesterol hypercholesterolemia (FH) status or the underlying defective gene, is uncertain. We evaluated TSH-lipid asso-
:aDT;hal hypercholesterolemia ciations in prepubertal children and tested effect modification by FH status and, within FH, by gene with a
APOB pathogenic variant (LDLR vs APOB).

Methods: We performed a cross-sectional study of prepubertal children referred to the Slovenian national tertiary

Subclinical hypothyroidism
center through the universal FH screening program or cascade screening. Eligibility required concurrent TSH and
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fasting lipid measurement and completed genetic testing (pathogenic/likely pathogenic variants in LDLR/APOB/
PCSK9 vs polygenic hypercholesterolemia).

Results: Among 738 children, 182 (24.7%) were FH-positive (LDLR 132; APOB 50). In the pooled cohort, TSH did
not correlate with age or lipids (all p > 0.050). After sex stratification, TSH correlated with triglycerides only in
males (p = 0.156; p = 0.012). In FH-positive children, TSH correlated with total cholesterol, LDL-cholesterol, and
ApoB (p ~ 0.184-0.207; all p < 0.050), with no associations in FH-negative children. Interaction testing
confirmed effect modification by FH (TSH x FH p = 0.141 mmol/L per mIU/L, p = 0.023). Within FH-positive
children, a positive TSH-LDL-C slope was seen in LDLR carriers (p = 0.237, p = 0.004) but not in APOB carriers
(p = —0.065, p = 0.655).

Conclusions: TSH was positively associated with LDL-C only in FH due to LDLR variants, not in APOB carriers.
These findings suggest that genetic background may shape hormonal sensitivity, and that attention to thyroid

status could be particularly relevant in LDLR-FH.

1. Introduction

Hypercholesterolemia is a key modifiable risk factor for atheroscle-
rotic cardiovascular disease [1]. While monogenic disorders—most
notably familial hypercholesterolemia (FH)—account for a substantial
proportion of severe low-density lipoprotein cholesterol (LDL-C) eleva-
tions, secondary causes are common and clinically relevant [2-4].
Among secondary causes, hypothyroidism is common and easily treat-
able [5].

Thyroid hormones regulate multiple steps of lipoprotein metabolism.
Triiodothyronine (T3) up-regulates hepatic low-density lipoprotein re-
ceptor (LDLR) expression and promotes LDL-C clearance; hypothyroid-
ism therefore reduces LDLR activity and increases total cholesterol (TC)
and LDL-C [6,7]. In adult populations, higher TSH levels within the
reference range have also been associated with higher circulating lipid
levels, even after adjustment for thyroid hormone concentrations [8].
Additional mechanisms include altered cholesterol synthesis and bile
acid turnover, reduced lipoprotein lipase activity with impaired tri-
glyceride catabolism, and changes in apolipoprotein metabolism that
can alter high-density lipoprotein cholesterol (HDL-C) [9].

Subclinical hypothyroidism in children—elevated thyroid-
stimulating hormone (TSH) with normal free thyroxine (T4)—is fairly
common and most often due to Hashimoto thyroiditis [10]. Pediatric
data show that subclinical hypothyroidism is linked to a pro-atherogenic
lipid pattern: higher TC and LDL-C, with HDL-C often unchanged or
lower, and occasional triglyceride elevations; however, evidence for
vascular structural changes is limited and based on small cohorts. These

000

: 556 FH 182 FH
Aim of the study negative positive
Evaluate TSH-LDL-C relationship in

familial hypercholesterolemia (FH).

Main findings

In FH-positive children, TSH-LDL-C
association was present in LDLR
carriers but absent in APOB carriers.

Conclusions

Genetic background may shape
hormonal sensitivity, attention to
thyroid status could be particularly
relevant in LDLR-FH. :

LDL-C [mmoliL]

abnormalities worsen with overt hypothyroidism and often improve
with levothyroxine [11,12].

Evidence in children linking thyroid status to dyslipidemia is modest,
and almost no data exist in the context of FH—the most common
monogenic cause of high LDL-C in childhood. In particular, it is unclear
whether circulating TSH tracks with LDL-C in prepubertal hypercho-
lesterolemic children, whether any association differs between FH-
positive and FH-negative groups, and whether it varies by the defec-
tive gene underlying FH (most commonly LDLR, less often APOB and
PCSK9). In this article, we sought to (i) describe the relationship be-
tween TSH and lipid profile in prepubertal children with hypercholes-
terolemia without clinically overt hypothyroidism; (ii) test whether the
TSH-LDL-C association differs by FH status; and (iii) explore heteroge-
neity among FH-positive children by comparing carriers of LDLR versus
APOB pathogenic variants. An overview of the study design and main
findings is provided in the graphical abstract (Fig. 1).

2. Materials and methods

The study was approved by the National Medical Ethics Committee
of Slovenia (0120-14/2017/5; 0120-100/2019/5) and conducted in
accordance with the Declaration of Helsinki and STROBE reporting
guidelines. Written informed consent for genetic testing was obtained
from parents or legal guardians.

In this retrospective cross-sectional study, we included prepubertal
children aged <9 years who were referred to the University Children's
Hospital Ljubljana (UCH-LJ) between May 14, 2002 and October 12,
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Fig. 1. Graphical abstract. Gene-specific association between TSH and LDL-C in prepubertal children with hypercholesterolemia.
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2022 for hypercholesterolemia and underwent genetic testing. Prepu-
bertal children were included to minimize the potential influence of
hormonal changes associated with puberty on lipid profiles and allowing
for a more accurate assessment of the specific effects of thyroid hor-
mones on lipid metabolism. Participants with TSH >10 mIU/L were
excluded to restrict the cohort to mild subclinical thyroid dysfunction
and to avoid confounding from thyroid states commonly considered for
treatment. This approach was consistent with the primary aim of the
study, which was to evaluate the role of subclinical hypothyroidism and
variation in TSH within the normal and mildly elevated range on lipid
profiles, rather than more advanced thyroid dysfunction, for which data
in this context remain limited [13].

Participants were identified from three sources: (i) the Slovenian
nationwide universal screening program for hypercholesterolemia in
preschool children [14]; (ii) siblings identified through cascade
screening of a proband with genetically confirmed FH; and (iii) other
children/adolescents referred for suspected dyslipidemia outside the
screening program.

Inclusion criteria:

age at first thyroid function measurement <9 years;

e hypercholesterolemia with completed genetic testing;

concurrent measurement of lipid profile (TC, HDL-C, LDL-C, tri-
glycerides) and TSH.

Exclusion criteria:

use of lipid-lowering therapy at the time of TSH measurement;
TSH >10 mIU/L;

homozygous FH or other rare dyslipidemias;

genetic result classified as a variant of unknown significance (VUS).

The stepwise inclusion process is shown in Fig. 2. Of the 738 included
children, 693 (93.9%) were identified through the universal preschool
familial hypercholesterolemia screening program, 38 (5.1%) through
cascade testing of relatives, and 7 (0.9%) through other referrals for
hypercholesterolemia evaluation.

Children with hypercholesterolemia
referred for genetic testing: 1507

—

("Excluded due to genetic result: 140

- VUS: 116

- Homozygous FH: 5

- Other rare dyslipidemias: 19 )

Age >9 years: 312 ]

|

Receiving lipid-lowering therapy: 8

J

rMissing laboratory data: 306
- TSH:301
L Lipid profile: 5

—

[ Children included in the final ]

TSH 2 10.0 mIU/L: 3 )

analysis: 738

Fig. 2. Cohort selection flow diagram.
Abbreviations: TSH - thyroid-stimulating hormone; VUS - variant of uncertain
significance; FH — familial hypercholesterolemia.
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2.1. Universal screening for FH in Slovenia

Slovenia has operated a universal preschool screening program for
FH since 1995, now covering >90% of children each year. At the
mandatory 5-6-year examination at primary care, TC is measured.
Children are referred to the national reference center—UCH-LJ—when
TC is > 6.0 mmol/L or when TC is > 5.0 mmol/L in the presence of a
positive family history of premature cardiovascular disease. At the ter-
tiary center, confirmatory diagnostics, including genetic testing, are
performed, and if FH is verified, cascade testing is offered to parents and
siblings [15-18].

2.2. Laboratory assessments and genetic analysis

All analyses were conducted in accredited laboratories of the Uni-
versity Medical Centre Ljubljana with standardized protocols. Fasting
venous blood was drawn for a lipid profile—TC, HDL-C, LDL-C, tri-
glycerides, Apolipoprotein B (ApoB) and Apolipoprotein (ApoAl). LDL-
C was calculated by the Friedewald equation when TG < 4.0 mmol/L
and measured directly when triglycerides >4.0 mmol/L. Lipid parame-
ters and additional biochemical analytes were determined using enzy-
matic colorimetric methods on Siemens ADVIA 1800 analyzer (Siemens
Healthineers, Germany) in earlier years and on Abbott Alinity C
Chemistry Analyzers (Abbott Laboratories, USA) following laboratory
modernization. ApoB and ApoAl were measured by immunonephel-
ometry using the Siemens Atellica Neph 630 system (Siemens Healthi-
neers, Germany). TSH was measured at the same visit as the lipid profile
using immunochemical methods as part of routine clinical diagnostics.
During the study period, laboratory platforms evolved in accordance
with routine modernization. Earlier measurements were performed
using the ADVIA Centaur system (Siemens Healthineers, Germany),
while in more recent years thyroid function tests have been measured
using the Siemens Atellica analyzer (Siemens Healthineers, Germany).

Genetic diagnostics focused on the three principal FH genes (LDLR,
APOB, PCSK9). During the study period, next-generation sequencing
(targeted panel) was used to detect variants in these genes. Sanger
sequencing was applied for confirmation and for cascade testing of
siblings of genetically confirmed cases. Variants were interpreted ac-
cording to the American College of Medical Genetics and Genomics
(ACMG) guidelines [19,20]; pathogenic and likely pathogenic variants
defined an FH-positive result, while benign/likely benign were consid-
ered negative. Individuals with VUS in major FH genes were excluded
from analyses.

2.3. Statistical methods

Data were assembled in Excel 365 (Microsoft, USA) and analyzed in
R 4.3.3 (R Foundation, Austria). For each analysis, cases with missing
values were listwise excluded; outliers were retained. Continuous vari-
ables were non-normally distributed by Shapiro-Wilk testing and are
summarized as median (Q1-Q3). Group comparisons (by sex, FH status,
and pathogenic-variant subgroup within FH-positive) used the Wilcoxon
rank-sum test for continuous variables and the y? test for categorical
variables.

Crude associations between TSH and the lipid profile (TC, LDL-C,
HDL-C, triglycerides), as well as ApoAl and ApoB, were assessed using
Spearman rank correlations in the overall cohort and after stratification
by sex and by FH status. Within the FH-positive subgroup, correlations
were repeated after stratifying by genes with pathogenic variant (LDLR
vs. APOB). Multiple testing was controlled with the Benjamini-Hoch-
berg false-discovery rate (FDR) within each family of hypotheses (e.g.,
per table/figure).

We assessed whether the TSH-LDL-C relationship differs by FH status
using a linear model with an interaction term (LDL-C ~ TSH x FH sta-
tus), adjusting for age and sex. From this model we estimated the
interaction and the TSH slope within each FH group. In FH-positive
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children, we repeated the analysis to compare pathogenic variants
(LDLR vs. APOB) using an analogous model (LDL-C ~ TSH X variant +
age + sex), reporting variant-specific slopes and the interaction.

All tests were two-sided; statistical significance was defined as p <
0.050.

3. Results
3.1. Study population and baseline characteristics

We included 738 prepubertal children (<9 years) referred for hy-
percholesterolemia. Of these, 182 (24.7%) were FH-positive, including
132 (72.5%) with pathogenic LDLR variants and 50 (27.5%) with APOB
variants; no PCSK9 pathogenic variants were identified. Baseline char-
acteristics are summarized in Table 1. Overall, 45 children (6.1%) had
TSH values above the upper reference limit (>4.16 mIU/L) with normal
free thyroxine and no clinical features of overt hypothyroidism,
consistent with subclinical hypothyroidism.

Lipid profiles and TSH values were similar between boys and girls,
with the exception of triglycerides, which were modestly higher in girls
than boys (0.9 [0.7-1.2] vs 0.8 [0.6-1.2] mmol/L; p = 0.014). Among
FH-positive children, TSH did not differ between LDLR and APOB car-
riers (p = 0.987). However, LDLR carriers had higher TC and LDL-C than
APOB carriers (TC 6.70 [6.00-7.73] vs 6.40 [6.10-6.68] mmol/L, p =
0.040; LDL-C 4.80 [4.10-5.65] vs 4.60 [4.20-4.90] mmol/L, p = 0.043),
while age, HDL-C, triglycerides, ApoB, and ApoAl were comparable
between groups (all p > 0.050).

3.2. Correlations between TSH and lipid parameters

In the overall cohort, TSH showed no correlation with age or any
lipid parameter (all p > 0.050). A weak unadjusted association with
triglycerides (Spearman p = 0.078; p = 0.035) did not remain significant
after FDR correction (adjusted p = 0.061).

After sex stratification, TSH correlated with triglycerides in males (p
= 0.156; p = 0.012) but not in females (p = 0.015; p = 0.850). When
stratified by FH status, a different pattern emerged. In FH-positive
children, TSH correlated positively with TC, LDL-C, and ApoB (p =
0.184, 0.191, and 0.207; p = 0.027, 0.023, and 0.020, respectively). In

Table 1
Baseline characteristics of the study cohort by FH status.
Overall FH-positive FH-negative p-value
Female sex [%] 436 (59.0%) 93 (51.1%) 343 (61.7%) 0.012
Age [years] 6.3 [5.8-7.1] 6.39 6.25 0.167
[5.8-7.4] [5.8-7.0]
TSH [mIU/L] 2.30 2.20 2.33 0.196
[1.68-3.11] [1.59-3.14] [1.73-3.1]
TC [mmol/L] 5.6 [5.1-6.2] 6.5 [6.0-7.3] 5.4 [4.9-5.9] <0.001
HDL-C [mmol/L] 1.5 [1.3-1.8] 1.4 [1.2-1.6] 1.6 [1.4-1.8] <0.001
LDL-C [mmol/L] 3.6 [3.1-4.2] 4.8 [4.2-5.4] 3.3[2.9-3.7] <0.001
Triglycerides 0.8 [0.6-1.2] 0.8 [0.6-1.1] 0.8 [0.6-1.2] 0.569
[mmol/L]
ApoA1l [g/1]? 1.53 1.38 1.56 <0.001
[1.37-1.69] [1.26-1.51] [1.44-1.71]
ApoB [g/L]° 0.99 1.23 0.94 <0.001
[0.87-1.13] [1.12-1.39] [0.84-1.04]

N = 738; FH-positive N = 182, FH-negative N = 556.

Values are median [Q1-Q3] for continuous variables and percentage for cate-
gorical variables. p-values compare FH-positive vs FH-negative: y> test for Fe-
male sex; Wilcoxon rank-sum test for continuous variables (two-sided).
FH-positive = genetically confirmed monogenic FH; FH-negative = no patho-
genic variant (polygenic/negative testing).

Footnotes: * ApoAl missing 56 observations; b ApoB missing 59 observations.
Abbreviations: FH - familial hypercholesterolemia; TSH — thyroid-stimulating
hormone; TC - total cholesterol; HDL-C — high-density lipoprotein cholesterol;
LDL-C - low-density lipoprotein cholesterol; ApoAl —apolipoprotein A1l; ApoB —
apolipoprotein B.
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FH-negative children, correlations with TC and ApoB were weaker, and
no association with LDL-C was observed (p = 0.091, p = 0.061). HDL-C
was not associated with TSH in any subgroup.

Within the FH-positive group, gene-stratified analyses showed that
TSH correlated with TC and LDL-C among LDLR carriers (p = 0.240 and
0.237; both p = 0.019), with a borderline association for ApoB (p =
0.205; p = 0.051). In contrast, no correlations between TSH and TC,
LDL-C, or ApoB were observed among APOB carriers (p = —0.019,
—0.012, and 0.188; p = 0.932, 0.932, and 0.352).

3.3. Multivariable analysis: interaction between TSH and FH status

To formally test whether the TSH-LDL-C association differed by FH
status, we fitted a linear regression model including an interaction term
(LDL-C ~ TSH x FH status + age + sex). Model fit was good (R%2= 0.441;
overall p < 0.001).

The TSH x FH interaction was statistically significant (§ = 0.141
mmol/L per mIU/L, SE = 0.062, p = 0.023), indicating a steeper
TSH-LDL-C slope in FH-positive compared with FH-negative children. In
FH-negative children, the association between TSH and LDL-C was small
and not significant (B = 0.037 mmol/L per mIU/L; p = 0.235). In FH-
positive children, the implied slope was p = 0.178 mmol/L per mIU/L
(p = 0.001). FH-positive status itself was associated with a markedly
higher LDL-C level (f = 1.210 mmol/L; p < 0.001). Age and male sex
showed borderline negative associations with LDL-C (p = —0.046, p =
0.090; p = —0.113, p = 0.048, respectively).

These opposing slopes explain the absence of an association in the
pooled cohort, where the shallow FH-negative and steeper FH-positive
slopes average toward no overall correlation. Adjusted predicted re-
lationships are shown in Fig. 3A.

3.4. FH-positive subgroup: gene-specific differences in the TSH-LDL-C
association

Among FH-positive children, we further assessed whether the
TSH-LDL-C association differed by defective gene using a gene-
interaction model adjusted for age and sex (LDL-C ~ TSH x defective
gene + age + sex). Model fit was modest R?= 0.149; overall p < 0.001).

A significant positive association between TSH and LDL-C was
observed in LDLR carriers (p = 0.237 mmol/L per mIU/L; p = 0.004),
whereas no association was present among APOB carriers (p = —0.065
mmol/L per mIU/L; p = 0.655). The TSH x defective gene interaction
was borderline significant (§ = —0.302; p = 0.072), suggesting hetero-
geneity with a steeper TSH-LDL-C relationship in LDLR-mediated FH.
Age was inversely associated with LDL-C (f = —0.192; p = 0.001), while
sex and the APOB vs LDLR main effect were not significant. Adjusted
predicted lines are shown in Fig. 3B.

4. Discussion

In this study, we investigated whether circulating TSH relates to the
lipid profile in prepubertal children with hypercholesterolemia, and
whether any association depends on FH status or the underlying
defective gene. In the pooled cohort, TSH did not correlate with age or
lipids. When stratified, associations emerged: in FH-positive children,
higher TSH aligned with higher LDL-C, driven by carriers of LDLR
pathogenic variants and not observed in APOB carriers; in FH-negative
children the TSH-LDL-C link was weak to absent. Given the cross-
sectional design, we cannot determine the direction of this associa-
tion, and the possibility of reverse causality—whereby LDL-C or FH-
related metabolic pathways influence TSH—cannot be excluded.
While the effect size is modest—around +0.36 mmol/L LDL-C for a 2
mlIU/L TSH increase—it could still hold some relevance over time in FH,
where cumulative LDL-C exposure matters.

The unique structure of Slovenia's universal preschool FH screening
program provides an exceptionally homogeneous and well-
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Fig. 3. Adjusted association of LDL-C with TSH.

Abbreviations: TSH — thyroid-stimulating hormone; LDL-C — low-density lipoprotein cholesterol; FH — familial hypercholesterolemia; LDLR — LDL receptor gene;

APOB - apolipoprotein B gene; f — regression slope; CI — confidence interval.

(A) Whole cohort. Lines show model-based predictions from a linear model (LDL-C ~ TSH x FH status + age + sex), evaluated at the cohort median age (6.31 y) and
female sex. (B) FH-positive subgroup. Predictions from LDL-C ~ TSH x defective gene (LDLR vs APOB) + age + sex, evaluated at median age (6.39 y) and female sex.

Shaded areas denote 95% ClIs.

characterized pediatric cohort, allowing more precise evaluation of
additional physiological and hormonal factors that may influence
cholesterol levels [14,15].

Early kinetic studies showed that hypothyroid patients have
impaired LDL-C binding/clearance—functionally resembling FH—sug-
gesting that reduced LDLR activity is central to the dyslipidemia of
thyroid deficiency [2]. T3 up-regulates LDLR via SREBP-2 [7], and also
modulates other lipid pathways: it increases hepatic HMG-CoA reduc-
tase expression (cholesterol synthesis), potentially affects intestinal
cholesterol absorption through NPCIL1, and influences triglyceride
handling (e.g., through lipoprotein lipase) and HDL-C remodeling. In
overt hypothyroidism, the net effect of down-regulated LDLR and
increased absorption outweighs reduced synthesis, yielding higher TC,
LDL-C and ApoB; many of these abnormalities improve with levothyr-
oxine [21]. Consistent with this framework, adult population studies
suggest that TSH itself may exert both thyroid hormone-dependent and
—independent effects on lipid metabolism. In particular, Wang et al.

demonstrated that higher TSH levels within the reference range were
associated with higher TC and triglycerides even after adjustment for
free T3 and T4 [8].

Our findings align with this biology: within FH-positive child-
ren—particularly those carrying pathogenic LDLR variants—TSH
tracked with TC, LDL-C and ApoB, whereas no such pattern was evident
in APOB carriers. This is biologically plausible if even modest thyroid-
driven reductions in LDLR expression further constrain an already
insufficient receptor pathway, amplifying LDL-C responses in FH caused
by LDLR pathogenic variants. By contrast, when the primary defect is in
APOB, variation in receptor abundance may have less phenotypic
leverage on LDL-C. Whether the arrow could also point the other way—i.
e., LDLR defects altering pituitary-thyroid homeostasis—remains spec-
ulative. We are not aware of human evidence that heterozygous LDLR
pathogenic variants per se shift TSH or thyroid hormone set-points, and
no established mechanistic loop links LDLR to hypothal-
amic-pituitary-thyroid regulation. This magnified impact of subclinical
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hypothyroidism in LDLR carriers highlights the central role of the LDLR
pathway in determining LDL-C levels in FH, a pathway that is targeted
by statin therapy through activation of SREBP-2 and up-regulation of
LDLR expression [22]. Statins are well-studied and safe in children with
FH and are indicated from about 8 years of age [23,24]. Importantly, the
aim of this study was not to assess treatment response but to explore
whether thyroid function contributes to early inter-individual vari-
ability in LDL-C among children with FH. In this context, our findings
suggest that subclinical alterations in thyroid function may act as a
modifier of LDL-C expression in LDLR-mediated FH. This information
may be relevant for early risk assessment and metabolic phenotyping,
rather than immediate therapeutic decision-making.

In our hypercholesterolemic, largely prepubertal cohort without
clinically overt hypothyroidism, the absence of a clear TSH-cholesterol
association in FH-negative children and in APOB carriers likely reflects
both design and biology. Range restriction limits signal (FH-negative
referrals cluster around elevated LDL-C cut-points, and we excluded
overt thyroid dysfunction), and any TSH effect on LDL-C is smaller and
more heterogeneous when the LDLR pathway is intact or variably
influenced by APOB, but amplified in LDLR-mediated FH—where we
observed the strongest coupling [21]. This helps reconcile our findings
with prior pediatric reports that, in broader or hypothyroid-enriched
samples, show links between higher TSH and a more atherogenic pro-
file [10-12]. Additional support for such modest thyroid-lipid in-
teractions comes from recent work in paediatric obesity, where
subclinical hypothyroidism was associated with higher triglycerides and
where longitudinal changes in TSH paralleled changes in LDL-C and TC
[25]. Consistent with this, we observed a weak but significant correla-
tion between TSH and triglycerides in boys, but not in girls, suggesting
that sex-specific factors may modulate the sensitivity of triglyceride
metabolism to thyroid status even in early childhood. A recent study of
patients labeled as FH—defined largely by clinical criteria, spanning
older ages and mixed pubertal status, and lacking gene-based strat-
ification—did not find a clear association between TSH and cholesterol
within the FH-positive subgroup [26]. In contrast, our cohort is genet-
ically confirmed and predominantly prepubertal, which reduces con-
founding from puberty, sex hormones, adiposity, and treatment; under
these cleaner conditions, we observe that the TSH-LDL-C relationship is
most apparent in children with LDLR pathogenic variants.

Our gene-stratified findings suggest that subclinical thyroid
dysfunction may have a disproportionate impact on LDL-C in LDLR-FH,
potentially reflecting limited receptor reserve. Although our cross-
sectional data cannot establish causality, this pattern raises the possi-
bility that even mild elevations in TSH could further challenge LDLR-
mediated clearance. Clinically, this signal may justify closer moni-
toring of thyroid function in LDLR-FH and consideration of a lower
threshold for treating subclinical hypothyroidism on an individualized
basis, particularly when LDL-C remains above target despite optimized
statin + ezetimibe therapy. In adults with LDLR-FH, such an approach is
biologically plausible and hypothesis-generating, but requires prospec-
tive confirmation before firm recommendations can be made. By
contrast, the absence of a TSH-LDL-C association in APOB-FH suggests
that thyroid status may not influence LDL-C uniformly across genotypes,
underscoring the need for genotype-informed rather than universal
strategies.

This study has several limitations. First, its retrospective, cross-
sectional design precludes causal inference and captures thyroid status
and lipids at a single time point. Second, we evaluated only children
referred for hypercholesterolemia; this range restriction likely attenu-
ates modest TSH-lipid associations—an effect that would probably be
magnified in a cohort including normocholesterolemic children. Third,
multivariable models were adjusted for age and sex only, systematic
measurements of free T3 and T4 were not available for all participants,
precluding formal assessment of thyroid hormone-independent effects
of TSH. In addition, thyroid peroxidase antibodies and family history of
thyroid disease were not systematically collected, as thyroid evaluation
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in this primary hypercholesterolemia cohort was limited to TSH
screening for secondary causes. We did not account for potential con-
founders such as adiposity (e.g., BMI or BMI-z score), diet, physical
activity, insulin resistance, or thyroid autoimmunity. Finally, the single-
center setting may limit generalizability beyond our referral population
and healthcare context.

5. Conclusions

In prepubertal children referred for hypercholesterolemia, TSH
showed no overall association with lipids. However, within FH due to
LDLR variants, higher TSH was associated with higher LDL-C—and with
TC and ApoB—while no such pattern appeared in APOB carriers or FH-
negative children. This gene-specific signal is consistent with LDL-
receptor biology and suggests that thyroid status may have differential
relevance across FH genotypes. In clinical practice, thyroid function
testing is already part of standard baseline assessment in pediatric FH. In
selected cases—particularly in children with LDLR-mediated FH and
suboptimal LDL-C control—thyroid status may represent a modifiable
contributor to LDL-C expression, and repeat assessment of thyroid
function could be considered as part of a broader metabolic evaluation.
These findings are hypothesis-generating, and prospective studies are
required before any therapeutic implications can be defined.
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