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Exploring hypothyroidism’s effects on lipid profiles

Evidence of metabolic consequences in subclinical disease

Haifa M. Alnahdi, MD, FRCP.
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Objectives: To investigate the association between
thyroid-stimulating hormone (TSH) levels and lipid
profiles in patients with subclinical hypothyroidism
(SCH) to assess the metabolic risks.

Methods: This retrospective study included patients
diagnosed with SCH between January 2023 and
August 2024. Thyroid function markers (TSH, free
triiodothyronine, and free thyroxine levels) and lipid
profiles (total cholesterol, low-density lipoprotein, high-
density lipoprotein, and triglyceride levels) were assessed
in 137 patients.

Results: The mean age of patients was 44.6+13.6 years,
with 86.1% being female and 92.7% having dyslipidemia.
Thyroid-stimulating hormone levels were correlated
with serum creatinine levels (r=0.27, p=0.001)
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and showed a non-significant trend toward higher
cholesterol levels (r=0.15, p=0.09). Free thyroxine
were significantly lower in women (p=0.035) and in
patients with hypertriglyceridemia (n=32; »=0.005),
showing an inverse correlation (r= -0.2; p=0.02). Free
triiodothyronine were lower in patients with obesity
(p=0.003) and inversely associated with body mass
index (BMI, r= -0.2, p=0.019). Serum creatinine levels
independently predict TSH levels, whereas triglyceride
levels inversely predict free thyroxine levels.

Conclusion: Subclinical hypothyroidism impairs lipid
metabolism, particularly in females with high BMI.
Triglycerides suppress free thyroxine levels, whereas
elevated TSH levels correlate with increased creatinine
levels. Our findings suggest a potential relationship
between SCH and lipid alterations, warranting further
investigation into targeted lipid management in these
patients.
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ubclinical hypothyroidism (SCH) is characterized

by a mild elevation in serum thyroid-stimulating
hormone (TSH) levels, with thyroid hormones,
including thyroxine (T4) and triiodothyronine (T3),
remaining in normal circulation. Although SCH is
considered an early or mild form of hypothyroidism,
it is often associated with metabolic disturbances,

https://smj.org.sa  Saudi Med J 2025; Vol. 46 (5) 491



Subclinical hypothyroidism & lipids ... Alnahdi

particularly dyslipidemia.' The impact of SCH on lipid
metabolism is of critical concern because of its effects
on cardiovascular (CV) risk. Thyroid hormones play
significant roles in lipid synthesis, mobilization, and
degradation, and even minor fluctuations can disrupt
normal lipid homeostasis.?

Minor alterations in the thyroid function can
significantly affect lipid metabolism. Reduced thyroid
hormone levels are strongly associated with increased
total cholesterol, low-density lipoprotein (LDL), and
triglyceride levels as well as decreased high-density
lipoprotein (HDL) levels.? Although SCH is less severe,
it may alter lipid profiles, potentially increasing the risk
of atherosclerosis and CV disease (CVD).*° It is assumed
that the reduced activity of LDL receptors, lipoprotein
lipase, and changes in cholesteryl ester transfer proteins
contribute to lipid metabolism abnormalities in patients
with SCH.® Notably, in hypothyroidism, reduced
hepatic expression of LDL receptor - related protein 1
is associated with the impaired clearance of circulating
residual lipoproteins.”

Patients with SCH have an increased prevalence of
dyslipidemia.® However, the results on lipid alterations
have been inconsistent, ranging from minimal to
significant changes.” These variations may be due to
differences in the study populations, diagnostic criteria
for SCH, and sample sizes. Despite these discrepancies,
growing evidence suggests that SCH is not benign,
especially considering its long-term effects on lipid
metabolism and CV health.'® As an atherogenic disease,
SCH increases the CV risk, highlighting the necessity
of assessing lipid profiles in affected patients.

In populations with frequent thyroid disorders, the
potential role of SCH in exacerbating dyslipidemia
merits further investigation. Given the worldwide
increase in metabolic disorders and the identification of
thyroid dysfunction as a contributing factor, a deeper
understanding of the relationship between SCH and
lipid abnormalities is essential.'” Early detection and
management of dyslipidemia in patients with SCH
may be pivotal for mitigating CV risks and enhancing
long-term health outcomes."

This study aimed to investigate the lipid profile
alterations in patients with SCH and determine the
clinical implications of these changes.

Methods. This study included 137 patients
diagnosed with SCH at the Endocrinology Clinic,
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Internal Medicine Department, King Abdulaziz
University, Jeddah, Saudi Arabia, a tertiary care center.
Subclinical hypothyroidism was defined as increased
serum TSH level (>4.5 mIU/L) with normal free T4
(FT4)." Patients with a history of thyroid disease,
dyslipidemia, CVD, diabetes, or other comorbidities
were excluded.

This study was approved by the institutional ethics
committee of King Abdulaziz University, Jeddah, Saudi
Arabia (HA-02-J-008), and informed consent was
obtained from all participants.

Demographic and clinical characteristics, including
age, gender, body mass index (BMI), family history,
and medication use, were documented from medical
recorded. Fasting blood samples were measured for
serum TSH (normal: 0.27-4.2 ulU/mL), FT4 (normal:
12-22 pmol/L), free T3 (FT3, normal: 2-7 pmol/L), total
cholesterol (normal: <5.17 mmol/L), HDL-C (normal:
>1.55 mmol/L), LDL-C (normal: <2.6 mmol/L), and
triglyceride levels (normal: <1.69 mmol/L).

Statistical analysis. The Statistical Package for the
Social Sciences, version 27.0 (IBM Corp., Armonk,
NY, USA) was used. Continuous variables are expressed
as mean * standard deviation (SD), and categorical
variables as frequencies and percentages (%). Spearman’s
correlation analysis was used to examine the relationship
between the TSH levels and lipid parameters. Multiple
linear regression analysis was used to evaluate the
independent association between TSH and lipid profiles
while adjusting for possible confounding variables.
A receiver operating characteristic (ROC) curve was
plotted to verify the ability of the thyroid hormone
profiles to detect dyslipidemia. Statistical significance
was set at a p-value of <0.05.

Results. The mean age of the patients was
44.6+13.6 years. The cohort included 118 women
(86.1%) and 19 men (13.9%, F:M 6.2:1). Among
these, 91 were Saudi and 46 were non-Saudi patients.
Patient characteristics are presented in Table 1. Only one
patient had an elevated creatinine level (120 pmol/L),
whereas 6 (4.4%) had systolic blood pressure (SBP)
and 11 (8.03%) had diastolic BP (DBP). The thyroid
profiles according to gender, BMI, and dyslipidemia
are shown in Table 2. Free T3 levels were significantly
higher in obese patients. The TSH levels tended to
be higher in patients with hypercholesterolemia. No
significant differences in TSH (p=0.66), FT3 (p=0.26),
and FT4 (p=0.14) levels were observed between Saudi
and non-Saudi patients.

Correlations among thyroid hormone profiles,
various manifestations, and lipid profiles are presented
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Table 1 - Characteristics of the patients with subclinical hypothyroidism

(N=137).
Parameters Subclinical hypothyroidism
patients

Age (years) 44.6+13.6
Gender

Female 118 (6.2)

Male 19 (1.0)
BMI 30+6.2
Underweight 1(0.73)
Normal 32 (23.4)
Overweight 36 (26.3)
Obese 68 (49.6)
SBP (mmHg) 125.8+17
DBP (mm/Hg) 75211.2
TSH (ulU/mL) 7.1242.17
FT3 (pmol/L) 4.23+0.71
FT4 (pmol/L) 15.942.37
Creatinine (pmol/L) 63.9+£17.9
Dyslipidemia 127 (92.7)
Hypercholesterolemia 51 (37.2)
Increased LDL 102 (95.2)
Reduced HDL 88 (82.2)
Hypertriglyceridemia 32 (29.9)
Cholesterol (mmol/L) 4.82+1.01
LDL (mmol/L) 3.240.95
HDL (mmol/L) 1.4+0.53
Triglycerides(mmol/L) 1.37+0.67

Values are presented as mean + standard deviation (SD) or numbers and
percentages (%). BMI: body mass index, SBP: systolic blood pressure,
DBP: diastolic blood pressure, TSH: thyroid-stimulating hormone,
FT3: free triiodothyronine, FT4: free thyroxine,

LDL: low-density lipoprotein, HDL: high-density lipoprotein

in Table 3. The FT4 levels were significantly associated
with triglyceride levels (Figure 1). The FT3 and FT4
levels were significantly correlated (r=0.27, p=0.002).

Linear regression analysis showed that serum
creatinine ($=0.33, p=0.001) was the only significant
predictor for TSH level, regardless of confounding
factors including age, BMI, BP, and lipid profile. Only
triglycerides negatively predicted FT4 levels (3= -0.22,
»=0.016). Age (B= -0.31, p=0.001) and cholesterol
levels (B=0.33, p=0.02) significantly influenced FT3
levels.

Receiver operating characteristic curve analysis
showed poor area under the curve for TSH (0.43,
$=0.49), FT3 (0.59, p=0.32), and FT4 (0.45, p=0.57)
in detecting dyslipidemia.

Discussion. Thyroid  hormones  regulate
lipid metabolism, and hypothyroidism causes
hypercholesterolemia and hypertriglyceridemia. Both

Table 2 - Thyroid profile according to the gender, body mass index grade,
and dyslipidemia in patients with subclinical hypothyroidism

(N=137).
Subclinical hypothyroidism
Parameters TSH FT3 FT4
(ulU/mL) (pmol/L) (pmol/L)
Gender
Female (n=118) 7.15+2.26 4.17+0.67 15.84+2.38
Male (n=19) 6.88:1.55  461:0.81  16.52:2.28
P-values 0.52 0.24 0.035
BMI
Underweight (n=1) 5.96 5 16.43
Normal (n=32) 6.83+2.01 4.13+0.72 16.1£2.1
Overweight (n=36) 7.31+1.63 4.59+0.64 15.842.2
Obese (n=68) 7.1742.5 4.1+0.68 15.92+2.6
P-values 0.76 0.003 0.96
Lipid profile
Cholesterol
Normal (n=86) 6.82+1.66 4.17+0.7 15.98+2.5
High (n=51) 7.62+2.78 4.34+0.71 15.85+2.14
P-values 0.07 0.18 0.75
LDL
Normal (n=35) 6.74+1.56 4.14+0.85 16.24+2.26
High (n=102) 7.25+2.34 4.27+0.65 15.8242.4
P-values 0.15 0.36 0.4
HDL
Normal (n=49) 7.26+2.75 4.14+0.75 15.49+2.13
Low (n=88) 7.04+1.79 4.28+0.68 16.18+2.46
P-values 0.61 0.28 0.09
Triglycerides
Normal (n=105) 7.18+2.25 4.26+0.69 16.2+2.45
High (n=32) 6.91+1.9 4.14+0.76 15.05+1.83
P-values 0.51 0.42 0.005"

Values are presented as mean + standard deviation (SD).
“Significant at a p-value of <0.05. TSH: thyroid-stimulating hormone,
FT3: free triiodothyronine, FT4: free thyroxine, BMI: body mass index,
LDL: low-density lipoprotein, HDL: high-density lipoprotein

overtand SCH are associated with hypercholesterolemia,
hypertriglyceridemia, insulin resistance, metabolic
syndrome, and an increased risk, necessitating timely
diagnosis and management, particularly in young
women."” A meta-analysis confirmed the association
between SCH and dyslipidemia, necessitating proper
clinical management to prevent dyslipidemia and
related conditions.'® Given that SCH is asymptomatic,
regular screening for thyroid disorders is crucial for the
management of thyroid disease."

In this study, 137 patients with SCH were
predominantly females (86.1%) in their fifth decade
of life. Furthermore, FT3 levels were significantly
inversely related to patient age, whereas FT4 levels
were significantly lower in female patients than in
males. Total cholesterol, triglyceride, and LDL-C levels
were associated with TSH levels in patients in their
eighth decade; however, this association weakened
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Table 3 - Correlation of the thyroid profile hormones with age, body
mass index, blood pressure, serum creatinine, and lipid profile
in patients with subclinical hypothyroidism (N=137).

Subclinical hypothyroidism

Parameters TSH (uIU/mL)  FT3 (pmol/L) FT4 (pmol/L)
r (p-values)
Age (years) 0.07 (0.4) -0.23 (0.008)" -0.03 (0.75)
BMI 1.01 (0.9) -0.2 (0.019)" -0.07 (0.43)
SBP (mmHg) -0.17 (0.04)" 0.01 (0.87) -0.02 (0.8)
DBP (mmHg) -0.18 (0.04)" 0.14 (0.1) 0.07 (0.41)
Cr (pmol/L) 0.27 (0.001)" 0.15 (0.09) 0.05 (0.58)
Chol. (mmol/L) 0.15 (0.09) 0.14 (0.11) -0.02 (0.78)
LDL (mmol/L) 0.14 (0.1) 0.1 (0.26) -0.09 (0.3)
HDL (mmol/L) 0.05 (0.6) -0.07 (0.46) -0.17 (0.06)
TG (mmol/L) -0.01 (0.92) -0.002 (0.99) -0.2 (0.02)"

“Significant at a p-value of <0.05. TSH: thyroid-stimulating hormone,
FT3: free triiodothyronine, FT4: free thyroxine,
BMI: body mass index, SBP: systolic blood pressure,
DBP: diastolic blood pressure, Cr: creatinine, Chol: cholesterol,
LDL: low-density lipoprotein, HDL: high-density lipoprotein,
TG: triglyceride
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Figure 1 - Correlation of free thyroxine with triglycerides in patients
with subclinical hypothyroidism. FT4: free thyroxine, TG:
triglyceride.
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beyond 80 years."” Subclinical hypothyroidism is
more prevalent in women with the last menopause at
<45 years.”® In SCH, CV mortality increases in patients
aged <65 years.”! The distributions of SCH and TSH

increasingly shift toward higher concentrations with
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age.” An age-specific reference range for TSH levels can
prevent overdiagnosis of SCH in older adults. Aging can
reduce the effects of TSH on lipid profiles."” Increasing
evidence suggests that TSH concentrations are higher
at the extremes of life.”> Subclinical hypothyroidism
is common in females, reproductive age groups, and
older adults." Following this increase, a study in Nepal
reported that71.8% of patients with SCH were women. '
Women with SCH show increased total cholesterol
level >45 years of age.” Moreover, in another study
from China, SCH was linked to older age and obesity,
as indicated by a high BMI and a significant increase in
the prevalence of dyslipidemia, including higher grades
of triglycerides, total cholesterol, and LDL.” Another
study from Saudi Arabia with a smaller number of
patients determined a substantial relationship between
SCH and lower HDL levels and higher TG and LDL
levels.? In a study carried out in Morocco, a remarkable
frequency of dyslipidemia (50.87%) was observed
in patients with SCH with high total cholesterol and
LDL-C levels.”” It is a widespread endocrine disease
characterized by elevated TSH and FT4 levels and is
overdiagnosed and managed in older patients. Thyroid-
stimulating hormone levels increase with age and these
patients can recover without treatment.”®

Currently, half of patients with SCH have a negative
correlation with BMI and obesity, with FT3 levels being
lower in this population. Obesity is associated with SCH,
and ongoing evaluation of thyroid function is vital in
patients with high BMIL.* Other studies have reported
considerable increase in BMI in patients with SCH.*
The synergistic effects of SCH on the metabolic profiles
of obese patients have been previously established.”

In the present study, elevated DBP was more
frequent than elevated SBP in patients with SCH.
Thus, patients with SCH commonly have dyslipidemia
and arterial hypertension, and particularly high DBP*
Hypothyroidism  affects myocardial —contractility
and relaxation, primarily causing cardiac diastolic
dysfunction rather than systolic dysfunction.” Thyroid
function may influence BP to a greater extent in women
with SCH.*

In this study, 92.7% of the patients had dyslipidemia,
and FT4 levels were significantly lower in patients with
SCH and hypertriglyceridemia and were inversely
associated with triglyceride levels. Furthermore, TSH
levels tended to correlate with cholesterol levels; however,
this association was not significant. Dyslipidemia is
common in patients with SCH."" Notably, triglyceride
levels inversely predicted FT4 levels. In SCH, an increase
in total cholesterol is independently coupled with a
higher risk of progression to overt hypothyroidism,
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and its decrease increases the likelihood of regression
towards a euthyroid state.” Patients with SCH have
significantly higher triglycerides.”® In patients with
SCH, levothyroxine (LT4) treatment may decrease total
cholesterol, triglyceride, and LDL-C levels.”” Distinct
increases in cholesterol, LDL-C, and HDL-C levels
have been observed in patients with SCH.* Subclinical
hypothyroidism often causes changes in lipid profiles
that negatively influence human health. Thus, lipids can
alter the course of SCH.? Subclinical hypothyroidism
must be treated to avoid the complications associated
with dyslipidemia.'" Consistent with this study, a direct
relationship between TSH and total cholesterol, LDL,
and triglycerides was observed in patients with SCH,
whereas an inverse relationship was observed between
FT4, cholesterol, and triglycerides.*®

In the present study, high TSH levels were
significantly associated with elevated creatinine levels.
Similarly, the creatinine level was a key predictor of
high TSH levels. Patients with SCH have significantly
elevated serum creatinine levels. Moreover, LT4 therapy
may lower urinary albumin excretion, protect kidney
function, and slow chronic kidney disease progression
in patients with SCH with marginally elevated
TSH levels.”” Hypothyroidism is thought to reduce
glomerular infiltration rate and increase urine protein
loss.®

Despite their global predominance, thyroid
disorders are often overlooked, and may have serious
health consequences. In Saudi Arabia, the prevalence
of thyroid disease is approximately 50%, and most
patients have SCH. The awareness and knowledge of
thyroid disorders in Jeddah, Saud Arabia, are low, thus
necessitating more attention to prevent and manage
them.”! Despite their wide use in endocrinology, the
optimal application of thyroid tests, including those for
TSH and thyroid hormones, remains debatable. The
American Thyroid Association emphasized the need
for improved standardization and harmonization of
thyroid testing.*

Study limitations. The relatively small number of
cases and the absence of a control group, which limits the
generalizability of the results. Large-scale longitudinal
studies are required to verify these results, uncover
potential mechanisms, and demonstrate the effects
of treatment on CV consequences. Future inclusion
of a control group may enhance the interpretation of
the findings. Close monitoring of these “high-risk”
individuals could help optimize treatment and reduce
morbidity. Further in-depth analyses of the association
with renal involvement are required.

In conclusion, the adverse impact of SCH on the
lipid profile has been confirmed, particularly in female

patients with increased BMI and in their fifth decade
of life. Triglyceride levels inversely predict FT4 levels.
The relationship between TSH and increased creatinine
levels was notable. Raising awareness and knowledge on
thyroid diseases, risk factors, and subclinical conditions
is indispensable for the timely anticipation and
treatment of these disorders and their consequences.
Routine lipid monitoring and management may aid in
the development of targeted therapies to mitigate the
CV risk in this population. However, further research is
needed before broad screening is recommended.
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