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What do we know about the subject matter of this study? What does this study contribute to what is already known?
Primary hypothyroidism is associated with increased cardiovascu- In children with hypothyroidism, there is an association between
lar risk and dyslipidemia. In the adult population, treatment with TSH, FT4, and lipid profile. Normalizing the thyroid profile allows
levothyroxine has shown an improvement in cardiometabolic pa- a reduction of cholesterol, triglycerides, and LDL-C. Persistent
rameters, including the lipid profile, although there is little data on post-treatment dyslipidemia is associated with obesity, overweight,
the pediatric population. and pre-treatment dyslipidemia.

Abstract Keywords:

Hypothyroidism;

Hypothyroidism has been associated with dyslipidemia. Its treatment with levothyroxine has shown  Hashimoto Thyroiditis;
a positive effect on the lipid profile in adults, however, there is a lack of data on the pediatric popu- Levothyroxine;

lation. Objective: to evaluate the effect of the thyroid profile normalization on the lipid profile in ~ Dyslipidemia
children with primary hypothyroidism. Patients and Method: Retrospective study in children aged
from 6 to 16 years, with diagnosis of primary hypothyroidism due to Hashimoto’s thyroiditis, in
treatment with levothyroxine, and who had an evaluation of serum lipids before and during their
treatment. The lipid profile was evaluated in 2 stages: the first one referred to as “before levothyroxine
treatment” (at the diagnosis of primary hypothyroidism) and the second one referred to as “ thyroid
profile normalization” (when normalization of Thyroid-stimulating hormone [TSH] and free T4
[FT4] was achieved during levothyroxine treatment). Sociodemographic and anthropometric data
were recorded. The lipid profile evaluation consisted of the serum determination of total cholesterol
(TC), high-density cholesterol (HDL-C), and TG. The phenotype of dyslipidemias was determined
according to the Fredrickson’s classification. Results: 72 patients were included (61% women; age
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11.5 £ 2.9 years), out of which 58.3% (n = 42) presented pre-treatment dyslipidemia. In hypothyroid
state, it was evident the correlation of TSH with TC (r = 0.36; p = 0.002), LDL-C (r = 0.46; p = 0.01),
and HDL-C (r = -0.33; p = 0.004). The thyroid profile normalization showed the reduction of TC
[184 mg/dL (IQR 92-322) vs 147 mg/dL (IQR 92-283); p = 0.05], LDL-C [99 mg/dL (IQR 44-232)
vs 82 mg/dL (IQR 41-168); p = 0.02], TG [113 mg/dL (IQR 50-483) vs 88 mg/dL (IQR 16-343);
p = 0.03], and the frequency of dyslipidemia [58.3% vs 22.2%; p = 0.001), as well as the TC correction
with TG (r = 0.35; p = 0.02) and LDL-C (r = 0.88; p = 0.01). Persistent dyslipidemia was associated
with obesity (r = 0.27; p = 0.02), overweight (r = 0.58; p = 0.001), and pre-treatment dyslipidemia
(r=10.53; p=0.001). Conclusions: There is an association between TSH, TC, LDL-C, and HDL-C in
hypothyroidism. When the thyroid profile was normalized, there was a reduction of TC, TG, LDL-
C, and dyslipidemia frequency. Persistent dyslipidemia was associated with obesity, overweight, and
pre-treatment dyslipidemia.
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Introduction

Thyroid hormones play a fundamental role in li-
pid homeostasis by regulating the activity of recep-
tors, enzymes, and transfer proteins involved in li-
poprotein metabolism'. In children and adolescents,
Hashimoto’s thyroiditis is the most frequent cause
of primary acquired hypothyroidism, which is more
prevalent during puberty onset and infrequent before
age 3 years.

Hashimoto’s thyroiditis is more prevalent in fe-
males (3-4:1 ratio) and may be associated with other
autoimmune diseases, Down syndrome, or Turner
syndrome. It has a wide spectrum of presentation,
ranging from an asymptomatic state to myxedema
coma’. In patients with primary hypothyroidism due
to Hashimoto’s thyroiditis, there is evidence of an in-
crease in pro-atherogenic markers, dyslipidemia, and
cardiovascular risk®.

Lipid metabolism alterations caused by hy-
pothyroidism are due to thyroid hormone deficiency.
Among the related pathophysiological mechanisms are
a decreased expression of HMG-CoA reductase?, redu-
ced cell surface LDL-C receptors’, increased intestinal
cholesterol absorption’, reverse cholesterol transport
alterations””, alterations in the formation and fecal ex-
cretion of bile acids', and decreased lipoprotein lipase
activity®.

Levothyroxine replacement therapy has shown an
improvement in cardiometabolic parameters, inclu-
ding lipid profile. Most of the studies have been con-
ducted in the adult population, with few studies in the
pediatric one, and even fewer in the Latino popula-
tion',

The objective of our study was to evaluate the effect
of normalization of thyroid-stimulating hormone
(TSH) and free T4 (FT4) on the lipid profile and its
alterations in a pediatric population with primary hy-
pothyroidism due to Hashimoto’s thyroiditis treated
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with levothyroxine, as well as to determine the associa-
tion between TSH, FT4, BMI, and lipid profile before
treatment with levothyroxine and normalization of the
thyroid profile.

Patients and Method

Retrospective study in children with primary hy-
pothyroidism seen at the Hospital de Pediatria, Cen-
tro Médico Nacional Siglo XXI, IMSS, Mexico City,
from January 2011 to June 2017. The study was re-
viewed and approved by the Local Health Research
and Ethics Committee of the Hospital de Pediatria,
Centro Médico Nacional Siglo XXI, IMSS. Data were
obtained through the review of medical records.

We included girls and boys aged between 6 and 16
years, diagnosed with primary hypothyroidism due to
Hashimoto’s thyroiditis, treated with levothyroxine,
and with biochemical evaluation of serum lipids before
and during their medical follow-up. Primary hypothy-
roidism due to Hashimoto’s thyroiditis was defined as
deficient thyroid hormone production caused by anti-
body-mediated thyroid dysfunction, biochemically di-
agnosed by low serum FT4 concentrations (reference
value 0.93-1.7 ng/dL), increased TSH (reference value
0.27-4.2 WlU/mL), and the presence of anti-TPO anti-
bodies > 9.0 IU/mL and/or anti-thyroglobulin antibod-
ies > 4.0 IU/mL. We excluded patients with diabetes
mellitus, primary dyslipidemia, nephrotic syndrome,
congenital, secondary to procedures, central or sub-
clinical hypothyroidism, glucocorticoid use, non-au-
toimmune thyroid disease, neoplasms, renal, hepatic,
or another chronic degenerative disease, inadequate
adherence to levothyroxine treatment, malabsorption
syndrome, or those who failed to achieve normaliza-
tion of TSH and FT4.

Normalization of TSH and FT4 was defined as
achievement in TSH concentrations between 0.27
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and 4.2 plU/mL and FT4 between 0.9 and 1.7 ng/dL,
measured by electrochemiluminescence immunoassay
(ECLIA, Cobas, Roche Diagnostics®).

The administered dose of levothyroxine was 4 to 5
pg/kg/day in patients between 6 and 12 years of age,
2 to 3 pg/kg/day in those older than 12 years with in-
complete development or puberty, and 1.6 ng/kg/day
in those older than 12 years with complete develop-
ment and puberty.

For study purposes, two-time points were estab-
lished: the first one referred to as “before levothyrox-
ine treatment” (at diagnosis of primary hypothyroid-
ism) and the second one referred to as “at normal-
ization of the thyroid profile” (when normalization
of TSH and FT4 was achieved during levothyroxine
treatment).

Sociodemographic and anthropometric data were
collected (age, sex, Tanner stage, weight, height, Z-
score for weight and height, and BMI), determining
overweight a BMI between the 85th-94th percentile
and obesity a BMI at the 95th percentile or higher!s.

The lipid profile was evaluated determining serum
concentrations of total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), and triglycerides
(TQ), after a 12-hour fast, by colorimetric assay (Co-
bas Lipid Panel, Roche Diagnostics®), before treatment
with levothyroxine and normalization of the thyroid
profile. Low-density lipoprotein cholesterol (LDL-C)
concentrations were calculated using the Friedewald
formula (LDL = TC - [TG/5] - HDL-Cholesterol), as
long as TG concentrations were below 400 mg/dL!'S.
According to the National Cholesterol Education Pro-
gram (NCEP), hypertriglyceridemia was defined as
TG concentrations > 100 mg/dL in children under 9
years of age and TG > 130 mg/dL between 10 and 19
years of age, hypercholesterolemia as TC concentra-
tions > 200 mg/dL, increase in LDL as LDL-C con-
centrations > 130 mg/dL, and low HDL as HDL-C
concentrations < 40 mg/dL!7. The phenotype of lipid
profile alterations (dyslipidemia) was characterized ac-
cording to the Fredrickson classification!®.

Statistical analysis

Qualitative variables were described in frequencies
and proportions. Quantitative variables were described
as mean and standard deviation (SD) or median and in-
terquartile range (IQR) according to their distribution.
Normality was determined with the Shapiro-Wilks test.
The Chi-square test was used to compare qualitative
variables, as well as the Wilcoxon and Mann-Whitney
U tests for the quantitative ones, and Spearman’s cor-
relation coefficient was used to establish associations
between variables. A < 0.05 p-value was considered
statistically significant. SPSSv.13 and GraphPad Prism
software were used as statistical tools.
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Results

Patients

72 patients were included with a mean age of
11.5 £ 2.9 years, and 61% (n = 44) of them were fe-
male. According to Tanner stage, 68% (n = 49) were
pubescent [stage II: 18% (n = 13); stage III: 14%
(n = 10), and stage IV: 14% (n = 10)]. Regarding nu-
tritional status, 4.2% (n = 3) were underweight, 43%
(n=31) normal weight, 25% (n = 18) overweight, and
27.8% (n=20) obese. Before levothyroxine treatment,
they present TSH concentrations of 29.8 pIU/mL (IQR
16.7-69.8), and FT4 of 0.55 ng/dL (IQR 0.35-0.69).

Lipid profile alterations and phenotype characteri-
zation in patients with primary hypothyroidism

Before the levothyroxine treatment, lipid profile
components showed the following concentrations:
TC 184 mg/dL (IQR 92-322), LDL-C 99 mg/dL (IQR
44-232), HDL-C 48 mg/dL (IQR 22-80), and TG
113 mg/dL (IQR 50-483). Dyslipidemia was present
in 58.3% (n = 42) of the patients. 43% (n = 31) pre-
sented hypercholesterolemia, hypertriglyceridemia in
36% (n=26), increased LDL in 50% (n = 36), and low
HDL in 12.5% (n = 9). According to the Fredrickson
classification, phenotype Ila was observed in 22.2%
(n=16), phenotype I1b in 18% (n = 13), and phenotype
Vin 8.1% (n = 13) (Table 1).

Effect of TSH and FT4 normalization on lipid profile
and its alterations

Upon normalization of the thyroid profile, there
were TSH concentrations of 1.4 pIU/mL (IQR 0.8-
2.8) and FT4 of 1.4 ng/dL (IQR 1.2-1.6). Normal-
ization of the thyroid profile took 12 weeks (IQR
10-13). In lipid profile, there were statistically signifi-
cant differences in concentrations of TC [184 mg/dL
(IQR 92-283) vs 147 mg/dL (IQR 92-220); p = 0.05],
LDL-C [99 mg/dL (IQR 44-150) vs 82 mg/dL (IQR
41-168); p = 0.02], and TG [113 mg/dL (IQR 50-382)
vs 88 mg/dL (IQR 16-243); p = 0.03]. There was no
difference in HDL-C concentrations [48 mg/dL (IQR
22-80) vs 47 mg/dL (IQR 24-75); p = 0.45] (Figure 1).
There was a 65% reduction in the dyslipidemia fre-
quency (p = 0.001), a 42% in hypercholesterolemia
(p = 0.03), and a 65% in hypertriglyceridemia (p =
0.001). 22.2% (n = 16) of the patients persisted with
lipid profile alterations, highlighting hypercholes-
terolemia in 25% (n = 18), hypertriglyceridemia in
12.5% (n =9), and increased LDL-C in 25% (n = 18),
as well as a higher frequency of low HDL [12.5% (n =
9) vs 26.3% (n = 19); p = 0.03] (Figure 2). According
to the Fredrickson classification, there was a reduc-
tion in the frequency of phenotype Ila and IIb during
levothyroxine treatment (Table 1).
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Association between TSH, FT4, BMI, and lipid pro-
file before treatment with levothyroxine and thyroid
profile normalization

When evaluating the association between TSH,
FT4, and lipid profile before levothyroxine treatment,
TSH concentrations had a positive correlation with
age (r = 0.39; p = 0.001), TC (r = 0.36; p = 0.002),
and LDL-C (r = 0.46; p = 0.01), and a negative one
with HDL-C (r = -0.33; p = 0.004) and FT4 (r = -0.45;
p = 0.001). FT4 concentration showed a positive cor-
relation with HDL-C (r = 0.28; p = 0.02), and a nega-
tive one with LDL-C (r = -0.28; p = 0.02) and TSH
(r = -0.45; p = 0.001). There was no correlation be-
tween TSH or FT4 with BMI and TG. When evalu-
ating the association between BMI and lipid profile,
there was a positive correlation between BMI and TG
(r =0.39; p = 0.001), with no evidence of correlation
with HDL-C, TC, or LDL-C.

Upon normalization of the thyroid profile, there
was no association between TSH and lipid profile
parameters. Post-treatment TC concentrations cor-
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related with pre-treatment TC (r = 0.40; p = 0.001)
and pre-treatment LDL-C (r = 0.34; p = 0.004), as well
as with LDL-C (r = 0.88; p = 0.01) and TG (r = 0.35;
p = 0.02) when achieving thyroid profile normaliza-
tion. In the case of HDL-C, concentrations corre-
lated negatively with FT4 (r = -0.27; p = 0.02), BMI
(r =-0.42; p = 0.001), and TG (r = -0.38; p = 0.01),
and TG concentrations showed a positive correlation
with BMI (r = 0.47; p = 0.001) and pre-treatment TG
(r=0.50; p = 0.001). There was no correlation of BMI
with TSH, TC or LDL-C. The persistence of dyslipid-
emia upon TSH and FT4 normalization was associated
with obesity (r = 0.27; p = 0.02), overweight (r = 0.58;
p = 0.001), and pre-treatment dyslipidemia (r = 0.53;
p = 0.001).

Given the frequency of overweight and obesity,
along with the association of TG and HDL-C with
BM], the characteristics of the lipid and thyroid pro-
file were compared between patients with and without
obesity/overweight. Before levothyroxine treatment,
there were no statistically significant differences in the

Table 1. Dyslipidemia phenotype according to the Fredrickson classification before levothyroxine treatment and at

normalization of thyroid profile

Dyslipidemia Before levothyroxine treatment; n (%) At normalization of thyroid profile; n (%) p=
Type | 0 0
Type lla 16 (22.2) 4 (5.6) 0.01
Type llb 13 (18) 2(2.8) 0.01
Type llI 0 0
Type IV 0 0
Type V 13(18.1) 10 (16.6) 0.82

Dyslipidemia type: Fredrickson DS, Lees RS. A system for phenotyping hyperlipoproteinemia. Circulation 1965;31:321-7.

doi: 10.1161/01.cir.31.3.321.

300+

200+

Figure 1. Parameters of
Lipid profile before le-
vothyroxine treatment and
at normalization of thyroid
profile. *statistical signi- TC LDL-C
ficance.

Serum concentrations (mg/dL)

400+ p=0.03*

- Before levothyroxine treatment

[ Atnormalization of thyroid profile

TG HDL-C
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concentrations of TSH, FT4, TC, LDL-C, HDL-C, and
TG; however, upon normalization of the thyroid pro-
file, higher concentrations of TG and lower concentra-
tions of HDL-C were observed in obese/overweight pa-

tients, with no differences for the rest of the variables
(Table 2).

Discussion

In this study, we report the effect of TSH and FT4
normalization on the lipid profile and its alterations in
pediatric patients with primary hypothyroidism trea-
ted with levothyroxine, as well as the association of
TSH and FT4 with TC, LDL-C, and HDL-C concen-
trations before treatment.

Alterations in lipoprotein metabolism have been
reported in up to 52% of adults with primary hy-
pothyroidism'’. In children and adolescents with hy-
pothyroidism, although serum concentrations altera-
tions of TC, TG, LDL-C, VLDL-C, and HDL-C have
been described, a frequency of dyslipidemia has not
been determined, even in patients with subclinical hy-
pothyroidism'. In our series, the frequency evidenced
was higher than 50%, similar to that reported in the
non-pediatric population. In hypothyroidism, dysli-
pidemia phenotypes II and IV have been described'®.
In our study, using the Fredrickson classification, we
found a predominance of the phenotype Ila (increased
LDL-C, normal TG, and VLDL, TC/TG ratio > 1.5) and
IIb (increased LDL-C, TG, and VLDL)'8, highlighting a
mixed dyslipidemia component.

The effects of hypothyroidism on lipoprotein me-
tabolism are related to the decrease in thyroid hormo-
nes*'®. In children and adolescents without thyroid
disease, a positive association between TSH and non-
HDL cholesterol has been observed?.
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In specific groups, such as obese patients, the as-
sociation of TSH, lipid profile, and BMI has been eva-
luated. In patients with obesity without a diagnosis of
hypothyroidism, a positive association of TSH with TC
and LDL-C was observed, with no evidence of associa-
tion between TSH and BMI?.. In a study that included
obese patients, both with subclinical hypothyroidism
and without thyroid alteration, there was a positive as-
sociation between TSH and TC, TG and BMI, and a ne-
gative one between FT4 and TC* In our study, during
hypothyroidism, we observed the positive association of
TSH with TC and LDL-C and of FT4 with HDL, as well
as the negative association of TSH with HDL-C and of
FT4 with LDL-C, without corroborating an association
between TSH and BMI. We did not find an association
between TG and TSH or FT4, in contrast to the rest of the
lipid profile components. With these data, we demons-
trate the relationship between thyroid and lipid profile
parameters in pediatric patients with hypothyroidism.

Several studies have shown improvement in the li-
pid profile after treatment with levothyroxine both in
adults' ' and in the pediatric population®. In adults
with autoimmune hypothyroidism, the reduction of
TG, apolipoprotein B (apoB), and atherogenic index
of plasma (AIP) after treatment with levothyroxine has
been demonstrated'. In adults with post-surgical hy-
pothyroidism, treatment with levothyroxine showed a
reduction in TC, TG, LDL-C, apolipoprotein A-I, and
apoB levels'2.

In a systematic review, Danese et al. reported de-
creased TC and LDL-C levels after levothyroxine
treatment, with inconclusive results for HDL-C and
TG". In patients with subclinical hypothyroidism,
post-treatment reduction of TC and LDL-C has also
been described'. Cerbone et al. observed in children
with subclinical hypothyroidism, increased AIP and
TG/HDL-C ratio, hyperhomocysteinemia, and decrea-
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Figure 2. Frequency of
dyslipidemia before le-
vothyroxine treatment and
at normalization of thyroid
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Table 2. Characteristics of lipid profile, TSH and FT4 in patients with and without overweight/obesity

Without overweight/obesity With overweight/obesity p
Before levothyroxine treatment
Total Cholesterol (mg/dL) 200 (157-222) 169 (144-210) 0.18
LDL-C (mg/dL) 124 (89-141) 95 (74-144) 0.31
HDL-C (mg/dL) 50 (44-60) 45 (41-53) 0.07
Triglycerides (mg/dL) 96 (78-189) 114 (83-176) 0.55
TSH (pIU/mL) 38,8 (18,5-77) 21,2 (12-47) 0.14
FT4 (ng/dL) 0,6 (0,4-0,7) 0,49 (0,3-0,6) 0.20
At normalization of thyroid profile
Total Cholesterol (mg/dL) 154 (126-175) 144 (128-170) 0.5
LDL-C (mg/dL) 82 (66-96) 82 (63-105) 0.88
HDL-C (mg/dL) 50 (45-56) 42 (39-49) 0.006
Triglycerides (mg/dL) 74 (61-112) 112 (65-162) 0.02
TSH (pIU/mL) 1,0 (0,6-2) 1,3(0,9-2,12) 0.06
FT4 (ng/dL) 1,4 (1,2-1,6) 1,3(1,2-1,6) 0.99

Quantitative variables were reported in median and interquartile range. LDL-C: Low-density lipoprotein cholesterol, HDL-C: High-
density lipoprotein cholesterol, TSH: thyroid-stimulating hormone, FT4: Free thyroxine.

sed HDL-C?*'. When evaluating the effect of levothyro-
xine in this group of patients, there was a decrease
in waist-to-height ratio, TG/HDL-C ratio, and AIP,
as well as an increase in HDL-C®. In another study
performed in children with subclinical hypothyroi-
dism, there were no changes in the lipid profile when
euthyroidism was achieved?®.

In our study, we observed an improvement in TC,
TG, and LDL-C concentrations upon normalization of
the thyroid profile, in line with the findings reported in
the adult population. Likewise, we observed a decrease
in the frequency of dyslipidemia. It should be noted
that more than 20% of patients persisted with dysli-
pidemia, predominantly elevated LDL and low HDL,
despite the changes evidenced in the lipid profile after
normalization of TSH and FT4. With euthyroidism,
we corroborated the association of TC with TG, pre-
treatment TC, and LDL-C pre- and post-treatment;
TG with BMI; HDL-C with BMI, and the persistence
of dyslipidemia with obesity, overweight, and pre-
treatment dyslipidemia.

These findings demonstrate that, despite the
thyroid profile normalization, there are other factors
associated with persistent dyslipidemia in this group
of patients, such as alterations in nutritional status
(overweight and obesity) and pre-treatment dyslipide-
mia, where timely therapeutic intervention is impor-
tant in addition to treatment with levothyroxine.

It is worth mentioning the frequency of overweight
[25% (n = 18)] and obesity [27.8% (n = 20)] found
in our study, which is higher than that reported in
the pediatric population according to the Natio-
nal Health Survey in Mexico (overweight 18.4% and
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obesity 19.5% in population between 5 and 11 years;
overweight 24.7% and obesity 15% between 12 and 19
years)®. Although we did not find differences in the
characteristics of the pre-treatment lipid profile, we
observed higher TG and lower HDL-C concentrations
in patients with obesity/overweight to euthyroidism,
which, along with the correlation demonstrated bet-
ween BMI, TG, and HDL, reflects the role of obesity
and overweight in persistent dyslipidemia.

The limitations of the study include its retrospec-
tive design, the lack of biochemical determinations of
lipoprotein fractions and sub-fractions, cardiovascular
risk markers, and the lack of control of variables such
as diet and physical activity. Among the strengths, we
highlight that this is one of the first studies to evaluate
the effect of TSH and FT4 normalization on the lipid
profile in a pediatric population from a Latin Ameri-
can country with a high prevalence of cardiometabolic
diseases. We consider further prospective studies to
evaluate the effect of euthyroidism on the lipid profile
and other markers of cardiovascular risk.

In conclusion, secondary dyslipidemia is present in
more than half of the pediatric patients with primary
hypothyroidism due to Hashimoto’s thyroiditis, and
there is an association between TSH, FT4, and lipid
profile. Upon thyroid profile normalization, there is
a reduction in TC, TG, and LDL-C concentrations, as
well as in the frequency of dyslipidemia. Persistent dys-
lipidemia despite the achievement of euthyroidism is
associated with obesity, overweight, and dyslipidemia
during hypothyroidism, highlighting the importance
of timely intervention of these factors together with
treatment with levothyroxine.
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