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A B S T R A C T
Objectives. Autoimmune hypothyroidism is associated with disturbances in lipid metabolism. This study assessed lipid 
profiles and cardiovascular risk markers in patients with overt (OH) and subclinical hypothyroidism (SH) compared with 
healthy controls, and examined lipid changes during levothyroxine treatment.
Methods. This observational case–control study included 129 adults: 65 patients with autoimmune hypothyroidism 
(35 OH, 30 SH) and 64 controls. All patients had complete lipid, TSH, and fT4 measurements at baseline, 8 weeks, 
and 16 weeks. Lipid indices included LDL cholesterol (LDL-c), HDL cholesterol (HDL-c), non-HDL cholesterol 
(non-HDL-c), and the total cholesterol/HDL-c ratio. Between-group comparisons and paired longitudinal tests were 
performed; longitudinal p values were not adjusted for multiple comparisons.
Results. Baseline LDL-c was higher in patients than controls (3.96 ± 1.67 vs 3.39 ± 0.76 mmol/L; p = 0.015). Non-
HDL-c was higher in OH than SH (5.31 ± 2.19 vs 3.64 ± 0.96 mmol/L), and the total cholesterol/HDL-c ratio was 
higher in patients than controls (4.16 ± 1.59 vs 3.42 ± 0.75; p = 0.001). At 16 weeks, mean LDL-c decreased from 3.96 ± 
1.67 to 3.28 ± 1.00 mmol/L (p = 0.001), and non-HDL-c from 4.54 ± 1.92 to 3.68 ± 1.17 mmol/L (p < 0.001). HDL-c 
did not improve significantly. At week 16, TSH was within the reference interval in 42 of 65 patients (64.6%).
Conclusions. Overt autoimmune hypothyroidism was associated with a more atherogenic lipid profile than SH or 
euthyroid status. During levothyroxine treatment, LDL-c and non-HDL-c improved, particularly in OH, while HDL-c 
did not. These observational findings do not establish a causal treatment effect or a reduction in cardiovascular events.
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R E Z U M A T
Obiective. Hipotiroidismul autoimun se asociază cu modificări ale metabolismului lipidic. Studiul a evaluat profilul 
lipidic și markerii riscului cardiovascular la pacienții cu hipotiroidism manifest (OH) și subclinic (SH), comparativ cu 
subiecți sănătoși, precum și modificările lipidice în timpul tratamentului cu levotiroxină.
Metode. Studiul observațional caz-control a inclus 129 de adulți: 65 de pacienți cu hipotiroidism autoimun (35 OH, 
30 SH) și 64 de subiecți control. Toți pacienții au avut determinări complete ale parametrilor lipidici, TSH și fT4 la 
momentul inițial, la 8 și la 16 săptămâni. Au fost analizați LDL-colesterolul (LDL-c), HDL-colesterolul (HDL-c), 
colesterolul non-HDL (non-HDL-c) și raportul colesterol total/HDL-c. Au fost efectuate comparații între grupuri și 
teste perechi longitudinale; valorile p longitudinale nu au fost ajustate pentru comparații multiple.
Rezultate. Valoarea inițială a LDL-c a fost mai mare la pacienți decât la controale (3,96 ± 1,67 față de 3,39 ± 0,76 
mmol/L; p = 0,015). Non-HDL-c a fost mai mare în OH decât în SH (5,31 ± 2,19 față de 3,64 ± 0,96 mmol/L), iar 
raportul colesterol total/HDL-c a fost mai mare la pacienți decât la controale (4,16 ± 1,59 față de 3,42 ± 0,75; p = 0,001). 
La 16 săptămâni, media LDL-c a scăzut de la 3,96 ± 1,67 la 3,28 ± 1,00 mmol/L (p = 0,001), iar non-HDL-c de la 4,54 ± 
1,92 la 3,68 ± 1,17 mmol/L (p < 0,001). HDL-c nu s-a ameliorat semnificativ. La săptămâna 16, TSH se afla în intervalul 
de referință la 42 dintre cei 65 de pacienți (64,6%).
Concluzii. Hipotiroidismul autoimun manifest s-a asociat cu un profil lipidic mai aterogen decât forma subclinică sau 
statusul eutiroidian. În timpul tratamentului cu levotiroxină, LDL-c și non-HDL-c s-au ameliorat, în special în OH, 
spre deosebire de HDL-c. Rezultatele observaționale nu demonstrează un efect cauzal al tratamentului sau reducerea 
evenimentelor cardiovasculare.
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Introduction

Hypothyroidism is a condition characterized by 
insufficient production of thyroid hormones and is among 
the most prevalent endocrine disorders [1]. Subclinical 
hypothyroidism is primarily identified through laboratory 
findings (elevated TSH with normal thyroid hormone levels) 
in the absence of overt symptoms, and the majority of cases 
are due to autoimmune thyroiditis (Hashimoto’s disease) [2]. 
Both overt (OH) and subclinical hypothyroidism (SH) have 
been associated with an unfavorable cardiovascular risk profile. 
SH may be linked to a higher incidence of ischemic heart 
disease, heart failure, and hypercholesterolemia, as well as other 
risk factors for cardiovascular disease (CVD) [3-6]. Thyroid 
hormones play a crucial role in regulating lipid metabolism, 
influencing cholesterol synthesis, absorption, and clearance 
[1]. Consequently, thyroid dysfunction, especially OH, is 
often accompanied by significant dyslipidemia, characterized 
by elevated TC and LDL-c levels [5,6]. This lipid disturbance 
contributes to a pro-atherogenic state, suggesting the need for 
frequent monitoring and timely intervention in hypothyroid 
patients. Recent research highlights the utility of non-HDL 
cholesterol and the ratio of total-to-HDL cholesterol as 
better predictors of CVD risk than traditional lipid measures 
alone [7-9]. These indices do not require fasting samples and 
have been incorporated into risk estimation models for both 
middle-aged and older populations. Early identification of 
dyslipidemia in hypothyroid patients, particularly in women in 
early middle age (who are more prone to autoimmune thyroid 
disease but otherwise relatively cardioprotected by estrogen), 
is important for preventing future cardiovascular events [10-
12]. This study was designed to assess lipid profile patterns 
and cardiovascular risk factors in patients with autoimmune 
hypothyroidism (both OH and SH) compared to healthy 
controls, and to evaluate the effect of levothyroxine (L-T4) 
replacement therapy on the lipid parameters. We specifically 
aimed to correlate thyroid function markers with lipid levels 
and to determine whether treating mild thyroid failure (SH) 
yields improvement in atherogenic lipid profiles. By doing so, 
we sought to clarify the cardiovascular risk implications of 
autoimmune hypothyroidism and inform appropriate clinical 
management strategies [9].

Material and methods

We conducted an observational case-control study with a 
prospective follow-up conducted in the patient group, of 129 
adult participants, comprising 65 patients with autoimmune 
hypothyroidism and 64 healthy controls. Patients were 
recruited from district- and municipal-level outpatient centers 
and from the republican consultative department of the Public 
Medical-Sanitary Institution Republican Clinical Hospital 
“Timofei Moșneaga“. Patients were recruited consecutively 
when they presented with signs or symptoms suggestive of 
hypothyroidism and had laboratory confirmation of thyroid 
dysfunction. A 16-week follow-up period was selected to 

allow achievement of a steady state after dose adjustment 
and stabilization of the lipid profile. Healthy control subjects 
were recruited from the community, and were frequency-
matched to the hypothyroid group by age and sex. Of the 
hypothyroid patients initially identified, 6 were subsequently 
excluded: refusal to participate (n=2), development of an 
acute inflammatory process (n=2), loss to follow-up (n=1), 
and missing data (n=1), leaving the final analytic cohort of 
65 patients (35 OH, 30 SH) reported here. The collection 
of primary data took place between 2019 and 2024 and the 
study was conducted under the positive approval of the 
Research Ethics Committee of ”Nicolae Testemitanu” State 
University of Medicine and Pharmacy, Chisinau, Republic 
of Moldova (minutes/protocol No. 3/5, dated 15.03.2019). 
All participants were informed about the study's purpose 
and procedures and signed a written informed consent form 
before enrollment, in accordance with the principles of the 
Declaration of Helsinki.

All 65 patients in the final analytic cohort (OH, n = 35; SH, 
n = 30) had lipid, TSH, and fT4 measurements at baseline, 
week 8, and week 16. One patient with missing data had been 
excluded before formation of the final cohort. Longitudinal 
analyses were based on complete cases; no imputation was 
performed.

The sample-size calculation was based on the comparison 
of two independent groups (patients with autoimmune 
hypothyroidism versus healthy controls):

n = 2 (Z1−α/2 + Z1−β)² / d²
where Z1−α/2 = 1,96; Z1−β = 0,84; d = 0,50.
n = 2 × (1,96 + 0,84)² / 0,50² = 2 × 7,84 / 0,25 = 62,72 ≈ 

63 participants per group.
The inclusion criteria for the hypothyroid group were: 

newly diagnosed untreated primary hypothyroidism with 
positive anti-thyroid antibodies (anti-TPO and/or anti-TG), 
indicating autoimmune thyroiditis. The exclusion criteria 
for all groups included: euthyroid autoimmunity, prior or 
current thyroid hormone treatment, use of any medications 
affecting thyroid function (e.g. amiodarone, lithium) or lipid 
metabolism (e.g. statins), and the presence of comorbidities 
that could influence lipid levels (such as diabetes mellitus, 
chronic kidney disease, uncontrolled hypertension, or active 
liver disease). Individuals with obesity (body mass index >35 
kg/m2) were excluded. None of the participants had a history 
of smoking or established cardiovascular disease at baseline. 
By excluding those with substantial confounding conditions, 
the study aimed to isolate the impact of thyroid dysfunction 
on the lipid profile. 

Clinical and Laboratory Assessments
Detailed medical history and anthropometric data 

were obtained from each subject. Weight and height were 
measured to calculate body mass index (BMI). Venous blood 
samples were drawn after an overnight fast of at least 8 hours 
for biochemical analyses. Overt primary hypothyroidism 
was diagnosed based on a serum TSH level >10 µIU/mL 
accompanied by a free T4 (fT4) concentration below the 
reference range. Subclinical hypothyroidism was defined as an 



Original research

3 / 10e2026410

ARTA MEDICA • Volume 101 (2026), Issue 4

elevated TSH (above the reference range of 4.0 µIU/mL) with 
fT4 within the normal range. In all patients, the hypothyroid 
status was of autoimmune etiology, confirmed by elevated 
titres of anti–thyroid peroxidase antibodies (anti-TPO Ab 
and/or anti–thyroglobulin antibodies (anti-TG Ab). We used 
a two-step confirmation for subclinical cases: if a patient’s 
initial TSH was elevated (>4 µIU/mL) but <10 µIU/mL with 
normal fT4, the test was repeated after an interval of at least 4 
weeks to confirm persistent TSH elevation before classifying 
as SH. All thyroid-related analytes (TSH, fT4, free T3 (fT3), 
anti-TPO Ab, and anti-TG Ab) were measured using a direct 
chemiluminescent immunoassay (Immulite 2000, Siemens 
Healthcare, USA). Reference intervals were: TSH 0.4–4.0 
µIU/mL; fT4 0.69–1.7 ng/dL; fT3 2.0–4.4 pg/mL; anti-
TPO Ab <10 IU/mL, and anti-TG Ab <20 IU/mL. Fasting 
lipid parameters were measured for all participants. TC, 
LDL cholesterol, and HDL-c were determined by enzymatic 
colorimetric methods using a DxC 700 AU analyzer 
(Beckman Coulter, USA), with the following reference values 
for optimal levels: TC <5.2 mmol/L, LDL-c <2.6 mmol/L, 
HDL-c ≥1.55 mmol/L. Non-HDL-c was calculated as the 
difference between TC and HDL-c. A non-HDL-c value 
<3.37 mmol/L was considered optimal. We also computed 
the TC/HDL-c ratio for each participant as an index of 
atherogenic risk; a TC/HDL-c ratio ≥4 is often regarded as 
elevated risk, with <3 being optimal. We obtained a complete 
blood count (CBC) and erythrocyte sedimentation rate 
(ESR) to screen for any systemic inflammation or other blood 
test abnormality. Serum creatinine and estimated glomerular 
filtration rate (GFR) were measured to ensure normal renal 
function. All measurements were performed using standard 
laboratory methods and calibrated instruments (e.g., CBC 
by flow cytometry on Sysmex XT-2000i, ESR by Westergren 
method on Diesse Cube 30). Quality control was maintained 
throughout the analyses.

In our study, the levothyroxine starting dose varied 
according to body weight and TSH level. In patients with 
OH, the starting dose was 1.6 µg/kg body weight/day; in 
patients with TSH between 10 and 19.9 µIU/mL – 1.2 µg/
kg body weight/day; and in those with TSH between 4.1 
and 9.9 µIU/mL – 0.7 µg/kg body weight/day. Clinical and 
hormonal reassessment was performed after 8 and 16 weeks 
of levothyroxine treatment, respectively. Dose adjustment 
was made as needed, based on the TSH value. The goal of 
treatment was normalization of TSH.

Statistical Analysis
All longitudinal comparisons in Table 3 used two-sided 

paired-samples t tests; Wilcoxon signed-rank tests were used 
as sensitivity analyses. No omnibus repeated-measures test 
across the three visits was performed. The longitudinal p 
values are unadjusted for multiple comparisons. Bonferroni 
adjustment was applied only to post hoc comparisons 
among the three study groups and pairwise comparisons of 
proportions. Accordingly, individual longitudinal p values 
should be interpreted as exploratory.

Quantitative variables were analyzed using parametric tests 

(ANOVA, F test) and the non-parametric Kruskal–Wallis 
test. Levene’s test was used to assess equality of variances. 
The effect of the treatment was assessed using the paired 
t-test and the Wilcoxon signed-rank test. Proportions were 
analyzed using χ2 test with Bonferroni correction for multiple 
comparisons. Pearson's correlation test (r) was applied to 
analyze the associations between numerical variables. The 
significance level applied was p < 0.05. For estimation of 
effect size Cohen's d was calculated. Statistical processing was 
performed using MS Excel, PSPP 2.0.1 (GNU PSPP Statistical 
Analysis Software, Release 2.0.1, Boston, MA: Free Software 
Foundation), and IBM SPSS Statistics (Version 29).

Results

The study included a total of 129 participants. The 
study group (L1) comprised 65 individuals diagnosed with 
autoimmune hypothyroidism, while the control group 
(L0) consisted of 64 healthy subjects. The two groups were 
comparable in terms of age and sex distribution. In L1, 55 
participants were women (84.6%) and 10 were men (15.4%), 
whereas in L0, 53 were women (83%) and 11 were men (17%). 
The mean age was 41.3 ± 13.4 years in L1 and 41.7 ± 6.6 years 
in L0. In the hypothyroid group (L1), the hormonal profile 
showed a markedly elevated mean TSH level of 50.59 ± 63.82 
µIU/mL, accompanied by reduced free T4 (0.66 ± 0.34 ng/
dL) and free T3 levels (2.47 ± 1.11 pg/mL). Anti-TPO Ab 
levels were substantially increased (635.05 ± 447.89 IU/
mL). In contrast, the control group exhibited normal thyroid 
function, with a mean TSH of 1.80 ± 0.66 µIU/mL and anti-
TPO antibody levels of 19.28 ± 32.15 IU/mL. Differences 
in TSH (F=37.4, p<0.001) and anti-TPO antibody levels 
between the two groups were statistically significant (F=120.4, 
p<0.001). Patients with autoimmune hypothyroidism 
demonstrated an overall more atherogenic lipid profile 
compared to controls. The mean TC level was higher in L1 
than in L0 (6.07 ± 2.10; 95 % CI 5.54-6.59 vs 5.54 ± 1.01 
mmol/L; 95 % CI 5.29-5.80), although this difference did not 
reach statistical significance (F = 3.20, p=0.076). Mean LDL-c 
levels were significantly elevated in L1 compared to L0 (3.96 
± 1.67; 95 % CI 3.55-4.37 vs 3.39 ± 0.76 mmol/L; 95 % CI 
3.20-3.58; F = 6.12, p=0.015). Mean HDL-c levels were lower 
in L1 than in controls (1.53 ± 0.46; 95 % CI 1.41-1.64 vs 1.66 
± 0.31 mmol/L; 95 % CI 1.58-1.73), showing a trend toward 
significance (F=3.60, p=0.061). Non-parametric analysis 
revealed a statistically significant difference in median HDL-c 
values between groups (1.49 mmol/L in L1 vs 1.69 mmol/L 
in L0; KW = 6.57, df=1, p=0.010). Correlation analysis of TC 
demonstrated positive and negative associations with several 
clinical and biochemical indices, as detailed in Table 1. 

 LDL-c showed positive correlations with age (r =0.25, 
p<0.01), BMI (r = 0.36, p<0.001), TSH (r =0.41, p<0.001), 
serum creatinine (r = 0.41, p<0.001), and ESR (r = 0.46, p < 
0.001). Negative correlations were observed between LDL-c 
and free thyroid hormones, including fT4 (r = –0.53, p 
<0.001) and fT3 (r = –0.56, p<0.001). HDL-c demonstrated 
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positive correlations with TC (r=0.43, p<0.001), non-HDL-c 
(r=0.20, p<0.05) and negative correlations were identified 
between HDL-c and BMI (r = –0.30, p=0.001), serum 
creatinine (r = –0.23, p<0.01), and fT3 (r = –0.28, p<0.05). 

Given the observed heterogeneity in lipid parameters, 
further analysis was conducted by separating patients with 
overt and subclinical hypothyroidism. Statistically significant 
differences in TC and LDL-c levels were observed between 
the OH subgroup and the control group, as well as between 
OH and SH. No statistically significant differences in lipid 
parameters were identified between the SH subgroup and 
controls (Table 2). 

Median HDL-c levels differed significantly between 
OH and controls (1.41 vs 1.69 mmol/L; KW= 6.45, df=2, 
p=0.036). Although HDL-c levels in SH were lower than in 
controls (1.52 vs 1.69 mmol/L), this difference did not reach 
statistical significance (p = 0.082) (figure 1). 

The mean non-HDL-c level was significantly higher in L1 
compared to L0 (4.54 ± 1.92; 95% CI 4.06-5.01 vs 3.88 ± 0.94 
mmol/L; 95% CI 3.65-4.12; F=6.00, p=0.016). Overall, 75% 
of individuals with hypothyroidism had non-HDL-c levels 
exceeding the optimal threshold of 3.37 mmol/L. Within 
subgroups, non-HDL-c was markedly elevated in OH (5.31 ± 
2.19 mmol/L; 95% CI 4.56-6.06) compared to SH (3.63 ± 0.96 
mmol/L; 95% CI 3.28-4.00; p<0.05). A statistically significant 
difference was observed between OH and controls (p<0.001), 
whereas no significant difference was found between SH and 
controls. Non-HDL-c levels correlated positively with age 
(r=0.29, p=0.001), BMI (r=0.37, p<0.001), TSH (r=0.39, 
p<0.001), serum creatinine (r=0.41, p<0.001), ESR (r=0.42, 
p=0.001), and anti-TPO Ab (r=0.21, p<0.05), and negatively 
with fT4 (r = –0.55, p<0.001) and fT3 (r = –0.56, p<0.001) 
(figure 2).

The TC/HDL-c ratio was significantly higher in the 
hypothyroid group compared to controls (4.16 ± 1.59; 95% 
CI 3.76-4.55) vs 3.42 ± 0.75; 95% CI 3.23-3.61; F=11.21, 

p=0.001). A TC/HDL-c ratio greater than 4 was observed 
in 45% of L1 participants, compared to 20% in L0. Within 
subgroups, the mean TC/HDL-c ratio was significantly 
higher in OH (4.70 ± 1.89; 95% CI 4.06–5.35) than in SH 
(3.52 ± 0.79; 95% CI 3.22–3.81; p<0.001). Levothyroxine 
therapy was associated with significant improvements in 
lipid parameters among patients with overt hypothyroidism. 
After 16 weeks of treatment, mean TC levels in L1 decreased 
from 6.07 ± 2.10 (95% CI 5.54-6.59) to 5.16 ± 1.26 mmol/L 
(95% CI 4.85-5.47) (t=4.19, p<0.001; d=0.53), LDL-c levels 
declined from 3.96 ± 1.67 (95% CI 3.55-4.37) to 3.28 ± 1.00 
mmol/L (95% CI 3.04-3.53) (t=3.46, p=0.001; d=0.49), non-
HDL-c levels decreased from 4.54 ± 1.92 (95% CI 4.06-5.01) 
to 3.68 ± 1.17 mmol/L (95% CI 3.39-3.97) (t=4.44, p<0.001; 
d=0.49). No statistically significant changes were observed 
in HDL-c following treatment. The effects of levothyroxine 
therapy on lipid parameters within the OH and SH subgroups 
are presented in Table 3.  

Thyroid function was monitored at all three visits. In the 
65 patients, median TSH was 20.80 µIU/mL (IQR, 7.82–
75.17) at baseline, 2.76 (IQR, 1.42–5.05) at week 8, and 2.23 
(IQR, 1.20–3.46) at week 16; median fT4 was 0.69 ng/dL 
(IQR, 0.42–0.95), 1.12 (IQR, 1.00–1.34), and 1.21 (IQR, 
1.04–1.34), respectively. The authors reported p < 0.001 for 
both baseline-to-follow-up comparisons of TSH and fT4. At 
week 16, TSH was within 0.4–4.0 µIU/mL in 42/65 patients 
(64.6%; OH, 20/35; SH, 22/30), above 4.0 in 14/65 (21.5%), 
and below 0.4 in 9/65 (13.8%). These findings indicate 
biochemical improvement, although TSH normalization was 
not achieved in all patients.

In SH, non-HDL-c increased numerically from baseline 
to week 8 (p = 0.070), did not differ significantly between 
baseline and week 16 (p = 0.144), and decreased from week 
8 to week 16 (unadjusted p = 0.003). The last comparison 
should be interpreted cautiously because longitudinal p values 
were not adjusted for multiple testing.

Table 1. Correlations of total cholesterol with different parameters 

 r p

TSH 0,35** 0,004

fT4 -0,51** <0,001

fT3 -0,58** <0,001

Creatinine 0,32 ** 0,005

CK 0,25* 0,042

HDL-c 0,42 ** <0,001

LDL-c 0,94 ** <0,001

Non-HDL-c 0,97** <0,001

Fibrinogen -0,27* 0,029

ESR 0,39** 0,001
Note: The data is represented in correlation coefficient (r). **Correlations are significant at the 0.01 level. *Correlations are 
significant at the 0.05 level.
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Table 2. Lipid metabolism indices across the research groups

Lipid Profile 
Indices

Statistical 
Indicators

OH (n = 35) SH (n = 30) Control (n = 64) p

Total Cholesterol Mean 6.87 5.13 5.54 < 0.001*
< 0.001**

Standard 
Deviation

2.45 1.02 1.01

Median 6.30 5.17 5.63

Percentile 25 5.12 4.66 4.92

Percentile 75 8.24 5.80 6.21

95 % CI 6.02-7.71 4.75-5.51 5.29-5.80

LDL cholesterol Mean 4.56 3.26 3.39 < 0.001*
< 0.001**

Standard 
Deviation

1.96 0.83 0.76

Median 4.31 3.13 3.47

Percentile 25 3.02 2.82 2.95

Percentile 75 6.20 3.77 3.77

95 % CI 3.89-5.24 2.95-3.56 3.20-3.58

HDL cholesterol Mean 1.56 1.50 1.66 0.143

Standard 
Deviation

0.57 0.30 0.31

Median 1.41 1.52 1.69

Percentile 25 1.19 1.26 1.42

Percentile 75 1.88 1.69 1.89

95 % CI 1.36-1.75 1.38-1.61 1.58-1.74

nonHDL 
cholesterol

Mean 5.31 3.64 3.88 <0.001*
<0.001**

Standard 
Deviation

2.19 0.96 0.94

Median 4.61 3.68 3.92

Percentile 25 3.55 3.11 3.26

Percentile 75 6.99 4.14 4.37

95 % CI 4,56-6,06 3,28-4,00 3,65-4,12
Note: p<0.001* - compared between OH and control group and p<0.001** - compared between OH and SH. 

During follow-up, mean TC, LDL-c and non-HDL-c 
values decreased from baseline to 16 weeks in the OH 
subgroup. HDL-c was lower at 8 weeks than at baseline and 
subsequently increased at 16 weeks, although its 16-week 
mean remained below baseline. In the SH subgroup, mean 
LDL-c and HDL-c values changed little, whereas non-
HDL-c varied across follow-up assessments (Table 3). These 

descriptive patterns should be interpreted alongside the 
reported pairwise comparisons.

Discussion

Thyroid hormones play a central role in maintaining 
metabolic homeostasis, and their interaction with lipid 
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Figure 1. Distribution of HDL-c values in patients with OH, SH, and L0.

Figure 2. Representation of the inverse relationship between fT4, fT3 and non-HDL-c.

Table 3.  Effects of levothyroxine treatment on lipid profile indices across OH and SH subgroups.

Index OH SH

Before 
treatment 
(95% CI)

8 weeks 
treatment 
(95% CI)

16 weeks 
treatment 
(95% CI)

p Before 
treatment 
(95% CI)

8 weeks 
treatment 
(95% CI)

16 weeks 
treatment 
(95% CI)

p

TC 6.87 ± 
2.45(6.02-
7.71)

5.05±1.36 
(4.59-5.52)

5.32±1.50 
(4.81-5.83)

<0.001*, 
†

5.13±1.02 
(4.75-5.51)

5.29±1.13 
(4.87-5.72)

4.98±0.90 
(4.64-5.32)

0.011‡

LDL-c 4.56 ± 1.96 
(3.89–5.24)

3.00 ± 0.94 
(2.68–3.32)

3.36±1.1 
(2.98-3.75)

<0.001*,
<0.005†

3.26±0.83 
(2.95-3.56)

3.38±1.02 
(3.00-3.77)

3.19±0.84 
(2.88-3.51)

0.103*, 
0.543†

HDL-c 1.56±0.57 
(1.36-1.75)

1.32±0.34 
(1.20-1.43)

1.46±0.44 
(1.30-1.61)

<0.001*, 
<0.002‡

1.50±0.30 
(1.38-1.61)

1.48±0.27 
(1.38-1.58)

1.51±0.22 
(1.43-1.59)

0.51*, 
0.671†

Non-HDL-c 5.31±2.19 
(4.56-6.06)

3.74±1.26 
(3.31-4.17)

3.86±1.33 
(3.41-4.32)

<0.001*
† 

3.64±0.96 
(3.28-4.00) 

3.81±1.08 
(3.41-4.22)

3.47±0.92 
(3.13-3.82)

0.070*
0.144†
0.003‡

Note: *Baseline vs week 8; †baseline vs week 16; ‡week 8 vs week 16. P values are from two-sided paired t tests and are unadjusted for 
multiple longitudinal comparisons; Wilcoxon signed-rank tests were used as sensitivity analyses. Values are mean ± SD (95% CI).
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metabolism is critical for cardiovascular health [13]. In this 
study, we evaluated lipid metabolism disorders in patients with 
autoimmune hypothyroidism, predominantly middle-aged 
women with Hashimoto’s thyroiditis and without established 
cardiovascular risk factors such as smoking, hypertension, or 
diabetes. This allowed a focused assessment of the association 
between thyroid dysfunction and lipid abnormalities in this 
selected population. Our findings demonstrate that patients 
with OH exhibit significantly elevated TC and LDL-c levels 
compared to both SH and euthyroid controls. The OH group 
showed a markedly higher mean TC and LDL-c, confirming 
the proatherogenic lipid profile associated with overt thyroid 
hormone deficiency. These results are consistent with the 
known pathophysiological mechanism whereby reduced 
thyroid hormone levels lead to decreased hepatic LDL 
receptor expression and impaired clearance of circulating 
LDL particles [14, 15]. In contrast, lipid alterations in SH 
were less pronounced. Although a proportion of SH patients 
demonstrated elevated TC and LDL-c values, no statistically 
significant differences were observed when compared with the 
control group. This aligns with previous reports indicating 
that lipid abnormalities in SH are variable and often 
modest. Furthermore, the influence of thyroid hormones 
on HDL-c appears to be less substantial than their effect on 
LDL-c, as supported by earlier studies reporting minimal 
or no differences in HDL-c across OH, SH, and euthyroid 
individuals [16]. In our study, HDL-c levels were lower in 
OH compared to controls, but no significant differences were 
observed between SH and control groups. 

Beyond conventional lipid parameters, our study 
highlights the importance of non-HDL cholesterol and the 
TC/HDL-c ratio as integrated markers of cardiovascular 
risk. Non-HDL-c levels were significantly higher in patients 
with OH compared to both SH and controls, and 75% 
of individuals with hypothyroidism exceeded the optimal 
non-HDL-c threshold. Similarly, the TC/HDL-c ratio was 
elevated in OH, with 45% of these patients exhibiting a ratio 
greater than 4, compared with 20% in the control group, 
while the optimal value is considered to be below 3 [17]. 
These findings are consistent with accumulating evidence 
supporting non-HDL-c and TC/HDL-c ratio as reliable 
predictors of subclinical atherosclerosis and vascular risk, 
irrespective of fasting status [18–20]. Their clinical relevance 
is also supported by contemporary cardiovascular risk models 
such as SCORE2 and SCORE2-OP, which incorporate total 
cholesterol and HDL-c together with major clinical risk factors 
[21, 22]. The pronounced elevation of these indices in OH 
suggests a substantial atherogenic burden in this subgroup.

Correlation analyses in our study revealed significant 
associations between lipid parameters and thyroid function 
markers. TC and LDL-c showed positive correlations with 
TSH and negative correlations with free thyroid hormones 
(fT4 and fT3), reinforcing the association between thyroid 
hormone deficiency and lipid metabolism, which cannot be 
assumed to be fully independent of potential confounders 
such as age, sex, and BMI in the absence of multivariable 

adjustment. LDL-c was also positively correlated with age, 
BMI, serum creatinine, and inflammatory markers such as 
ESR, indicating the multifactorial nature of dyslipidemia 
in hypothyroidism. Non-HDL-c demonstrated similar 
correlation patterns, with positive associations with age, 
BMI, TSH, serum creatinine, ESR, and anti-TPO antibody 
levels, and negative correlations with fT4 and fT3. In 
separate univariable analyses, the reported coefficients of 
determination were approximately 0.30 for fT4 and 0.32 
for fT3 in relation to non-HDL-c. These associations do 
not establish an independent causal contribution of thyroid 
hormone concentrations to lipid abnormalities. A study by 
Khan et al. found that non-HDL-C significantly correlated 
with age, total cholesterol, triglycerides, LDL-C, and 
VLDL-C, with a significant inverse correlation with HDL-C, 
and non-HDL-C, and significantly predicted cardiometabolic 
risk factors in a population with hypothyroidism (p<0.001) 
[23]. Comparable correlation patterns have been reported in 
previous studies, including those by Chandrika et al. [24]. 

During levothyroxine replacement therapy, significant 
reductions were observed in TC, LDL-c, and non-HDL-c 
levels after 16 weeks of treatment, particularly in patients with 
OH. These findings support existing evidence that thyroid 
hormone replacement improves lipid metabolism by restoring 
LDL receptor activity and enhancing lipid clearance [25–27]. 
However, no significant improvements were observed in 
HDL-c levels following treatment, and lipid changes in SH 
patients were minimal. This suggests that the lipid-lowering 
effect of levothyroxine is more pronounced in overt disease, 
while its benefit in SH remains uncertain.

The longitudinal analyses relied on unadjusted pairwise 
tests rather than an omnibus three-timepoint model; therefore, 
nominal p values, particularly for multiple comparisons, 
require cautious interpretation. Although complete follow-
up measurements were available for all 65 analyzed patients, 
the exclusion of participants before analysis may limit 
generalizability. Thyroid function did not normalize in every 
treated participant by week 16, and the 16-week follow-up 
does not establish effects on cardiovascular events.

From a cardiovascular perspective, hypothyroidism 
contributes to increased morbidity and mortality through 
its impact on lipid metabolism [6, 7, 28]. Early identification 
and management of dyslipidemia in hypothyroid patients—
particularly women in early and middle adulthood—may help 
mitigate long-term cardiovascular risk [29, 30]. Our findings 
support the incorporation of advanced lipid markers, such as 
non-HDL-c and TC/HDL-c ratio, into routine cardiovascular 
risk assessment for patients with hypothyroidism, as these 
indices better capture the cumulative atherogenic burden 
[31, 32]. In a large Chinese cohort of over 16,000 adults, 
non-HDL-c and the TC/HDL-c ratio remained associated 
with arterial stiffness across the full range of LDL-c levels, 
independent of LDL-c itself [33]. This matters clinically 
because a patient could have an unremarkable LDL-C on 
a standard panel while still carrying elevated residual risk 
detectable only through these ratio-based markers.
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Future research should explore the contribution of 
genetic, nutritional, and comorbid factors to dyslipidemia in 
hypothyroid patients, particularly in perimenopausal women, 
in whom cardiovascular risk may be underrecognized [34]. 
Additionally, country-specific guidelines may be needed to 
optimize lipid and non-HDL cholesterol targets in different 
populations [35, 36].

Limitations

Several limitations of this study should be acknowledged. 
The sample size was moderate, which may have limited the 
power to detect smaller lipid differences, especially between 
SH and control groups. The study combined a case–control 
comparison with prospective observational follow-up of the 
patient group over 16 weeks. Absent multivariable adjustment, 
the results reflect associations rather than independent 
contributions, and that residual confounding related to 
BMI and other factors cannot be excluded. Despite these 
limitations, the study benefits from well-defined autoimmune 
hypothyroidism, comprehensive lipid profiling, and results 
consistent with known biological mechanisms.  Longitudinal 
p values were not adjusted for multiple pairwise comparisons, 
and no global three-timepoint test was performed; these 
results should therefore be interpreted cautiously. At week 
16, TSH was within the reference range in 42 of 65 treated 
patients (64.6%), so biochemical normalization was not 
achieved in all participants.

Conclusions

This study suggests that overt autoimmune 
hypothyroidism is associated with a distinctly pro-
atherogenic lipid profile, characterized by elevated LDL-c, 
reduced HDL-c, and increased composite lipid indices such 
as non-HDL-c and the TC/HDL-c ratio. These findings 
indicate a more atherogenic lipid profile in patients with 
overt disease. Thyroid function showed strong correlations 
with lipid parameters, reinforcing the close relationship 
between thyroid hormone deficiency and dyslipidemia. 
Levothyroxine replacement therapy significantly improved 
total and LDL cholesterol levels in overt hypothyroidism, 
supporting the importance of timely treatment for improving 
the lipid profile. In contrast, lipid abnormalities in subclinical 
hypothyroidism were milder and did not significantly improve 
with short-term therapy, suggesting that treatment decisions 
in SH should be individualized rather than based on lipid 
parameters alone [37]. Incorporating advanced lipid markers 
such as non-HDL-c and the TC/HDL-c ratio may enhance 
cardiovascular risk assessment in hypothyroid patients. While 
longitudinal studies are needed to determine whether these 
lipid alterations translate into increased cardiovascular events, 
our findings support proactive monitoring and management 
of dyslipidemia in autoimmune hypothyroidism to mitigate 
long-term cardiovascular consequences.
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