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Relationship Between Serum Thyroid-Stimulating Hormone and Lipid
Profile Parameters, Including the Lipid Tetrad Index, in Patients with
Hypothyroidism
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Background: Hypothyroidism is commonly associated with dyslipidaemia and an increased atherogenic lipid burden. Thyroid hormone
deficiency may influence total cholesterol, triglycerides, LDL-C, and HDL-C. Composite lipid indices may provide an integrated assessment
of lipid-related risk. Material and Methods: This observational cross-sectional study included 300 patients with hypothyroidism. Serum TSH,
FT4, total cholesterol, triglycerides, HDL-C, and LDL-C were evaluated. The Lipid Tetrad Index was calculated using the formula: (total
cholesterol x triglycerides x LDL-C)/HDL-C. Correlation analysis was performed to evaluate the relationship between serum TSH and lipid
parameters. Results: The mean serum TSH concentration was 9.34 + 5.35 mIU/L, while the mean Lipid Tetrad Index was 4.17 + 1.48. Serum
TSH showed statistically significant positive correlations with total cholesterol (r = 0.320, p <0.001), triglycerides (r = 0.254, p <0.001), LDL-
C (r=0.288, p <0.001), and Lipid Tetrad Index (r = 0.117, p = 0.043). No statistically significant correlation was observed between serum TSH
and HDL-C (r = 0.052, p = 0.368). Conclusion: Increasing serum TSH concentrations were associated with adverse changes in conventional
lipid parameters and a higher Lipid Tetrad Index. Comprehensive lipid evaluation may therefore be important in patients with hypothyroidism.
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INTRODUCTION

Thyroid hormones play an important role in maintaining
normal lipid homeostasis. They influence hepatic cholesterol
metabolism, lipoprotein synthesis and clearance, LDL
receptor activity, triglyceride metabolism, and energy
expenditure. [

Hypothyroidism is frequently associated with dyslipidaemia,
particularly increased total cholesterol and LDL-C
concentrations. Triglycerides may also be elevated, whereas
alterations in HDL-C are more variable.*

The severity of thyroid dysfunction is commonly assessed
using serum TSH. Increasing serum TSH concentrations
have been associated with progressively unfavorable changes
in lipid metabolism in both overt and subclinical
hypothyroidism.[5¢!

Systematic reviews and meta-analyses have demonstrated
that hypothyroidism is associated with significant alterations
in total cholesterol and LDL-C. Improvement in thyroid
function following levothyroxine therapy may also result in
favorable changes in lipid parameters.["l

Although conventional lipid parameters provide important
clinical information, individual measurements may not
completely represent the overall atherogenic burden.
Composite lipid indices have therefore been proposed to
integrate multiple lipid abnormalities.[°%

The Lipid Tetrad Index used in the present study was
calculated as:

Lipid Tetrad Index = (Total Cholesterol x Triglycerides x LDL-
C)/HDL-C

The simultaneous incorporation of total cholesterol,
triglycerides, LDL-C, and HDL-C may provide an integrated
representation of lipid-related metabolic risk.

Therefore, the present study evaluated the relationship between
serum TSH, conventional lipid parameters, and the Lipid Tetrad
Index in patients with hypothyroidism.

MATERIALS AND METHODS

This study was designed as an observational cross-sectional
analytical study at tertiary care hospital at a tertiary-care teaching
hospital in Indore, Madhya Pradesh, India, and this study
included a total of 300 patients with hypothyroidism. The study
was undertaken to evaluate thyroid function, conventional lipid
parameters, and the composite lipid-related risk represented by
the Lipid Tetrad Index (LTI).
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Biochemical assessment included the measurement of serum
thyroid-stimulating hormone (TSH) and free thyroxine (FT4)
to evaluate thyroid function. The lipid profile was assessed
by estimating total cholesterol, triglycerides, high-density
lipoprotein  cholesterol  (HDL-C), and low-density
lipoprotein cholesterol (LDL-C).

Calculation of Lipid Tetrad Index

The Lipid Tetrad Index was calculated using the following
formula:

LTI = (Total Cholesterol x Triglycerides x LDL-C)/HDL-C
Statistical Analysis: The collected data were compiled,
tabulated, and analysed using appropriate statistical methods.
Correlation analysis was performed to assess the strength and
direction of the association between serum thyroid-
stimulating hormone (TSH) concentrations and conventional
lipid parameters, including total cholesterol, triglycerides,

HDL-C, and LDL-C, as well as the Lipid Tetrad Index (LTI).
The magnitude and direction of the observed relationships were
evaluated using the appropriate correlation coefficient. All
statistical tests were two-sided, and a p-value of less than 0.05 (p
< 0.05) was considered statistically significant.

REsuLTS

The study population had a mean age of 43.32 + 12.53 years. Of
the total participants, 191 (63.7%) were female and 109 (36.3%)
were male, indicating a predominance of female patients. The
mean body mass index (BMI) of the participants was 25.86 +
4.26 kg/m2. The mean duration of hypothyroidism was 4.26 *
2.76 years. Regarding treatment status, 240 participants (80.0%)
were receiving levothyroxine therapy at the time of the study.
[Table 1]

Table 1: Baseline characteristics of the study population

Characteristic Value

Age (years), mean + SD 43.32+12.53
Female, n (%) 191 (63.7)
Male, n (%) 109 (36.3)
BMI (kg/m?), mean + SD 25.86 + 4.26
Duration of hypothyroidism (years), mean + SD 4.26+2.76
Levothyroxine therapy, n (%) 240 (80.0)

Thyroid Function Parameters: The mean serum TSH
concentration was 9.34 + 5.35 mlU/L, and the mean FT4

concentration was 1.02 + 0.12 ng/dL. [Table 2]

Table 2: Thyroid function parameters

Parameter Mean + SD
TSH (mIU/L) 9.34 +5.35
FT4 (ng/dL) 1.02+0.12

Lipid Profile and Lipid Tetrad Index: The mean Lipid
Tetrad Index (LTI) among the study participants was 4.17 +

1.48, indicating the overall composite lipid-related burden in
the study population.

Table 3: Lipid-related biochemical parameters

Parameter

Mean + SD

Lipid Tetrad Index

4.17+1.48

Correlation Between Serum TSH and Lipid Parameters:
Correlation analysis demonstrated that serum TSH had
statistically significant positive correlations with several
lipid parameters. Serum TSH showed a significant positive
correlation with total cholesterol (r = 0.320, p < 0.001),
indicating that higher TSH concentrations were associated
with increased total cholesterol levels. Similarly, serum TSH
showed significant positive correlations with triglycerides (r

= 0.254, p < 0.001) and LDL-C (r = 0.288, p < 0.001).
However, the correlation between serum TSH and HDL-C
was not statistically significant (r = 0.052, p = 0.368).
Overall, these findings indicate that higher serum TSH
concentrations were associated with an adverse lipid profile,
particularly for total cholesterol, triglycerides, and LDL-C.
[Table 4]

Table 4: Correlation between serum TSH and conventional lipid parameters

Lipid parameter Correlation coefficient (r) p-value Interpretation

Total cholesterol 0.320 <0.001 Significant positive correlation
Triglycerides 0.254 <0.001 Significant positive correlation
LDL-C 0.288 <0.001 Significant positive correlation
HDL-C 0.052 0.368 Not significant

Correlation Between Serum TSH and Lipid Tetrad
Index: Serum TSH demonstrated a statistically significant

positive correlation with the Lipid Tetrad Index (r = 0.117, p
=0.043). [Table 5]
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Table 5: Correlation between serum TSH and Lipid Tetrad Index

Variable Correlation coefficient (r)

p-value Interpretation

Lipid Tetrad Index 0.117

0.043

Significant positive correlation

DiscussioN

The present observational cross-sectional study evaluated the
relationship between serum thyroid-stimulating hormone
(TSH) concentrations and conventional lipid parameters,
including total cholesterol, triglycerides, high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), and the composite Lipid Tetrad Index
(LTI), among 300 patients with hypothyroidism. The study
population had a mean serum TSH concentration of 9.34 +
5.35 mlIU/L and demonstrated statistically significant
positive correlations between TSH and total cholesterol,
triglycerides, LDL-C, and LTI. However, the correlation
between TSH and HDL-C was not statistically significant.
Overall, these findings indicate that increasing thyroid
dysfunction, as reflected by higher serum TSH
concentrations, is associated with a progressively adverse
lipid profile and increased composite lipid-related risk.
Relationship Between Serum TSH and Total Cholesterol

In the present study, serum TSH demonstrated a statistically
significant positive correlation with total cholesterol (r =
0.320, p < 0.001). This was the strongest association
observed among the conventional lipid parameters evaluated.
The finding suggests that increasing severity of thyroid
dysfunction is associated with increasing serum total
cholesterol concentrations.

This observation is consistent with the established
physiological role of thyroid hormones in hepatic cholesterol
metabolism. Thyroid hormone deficiency reduces hepatic
LDL receptor expression and decreases the clearance of
circulating LDL-containing lipoproteins. In addition,
alterations in cholesterol synthesis, bile acid metabolism, and
lipoprotein turnover may contribute to the accumulation of
circulating cholesterol in hypothyroidism. -]

The findings of the present study are consistent with the
broader evidence demonstrating an association between
hypothyroidism and hypercholesterolaemia. A systematic
review and meta-analysis by Kotwal et al,[** demonstrated
that hypothyroidism is associated with adverse alterations in
serum lipids, particularly total cholesterol and LDL-C. The
same analysis showed substantial reductions in total
cholesterol following levothyroxine replacement therapy in
patients with overt hypothyroidism, supporting the biological
relationship between thyroid hormone deficiency and
impaired cholesterol metabolism.[*4

Similarly, a more recent systematic review by Akhtar et al,[*2
reported that levothyroxine therapy generally produces
favourable reductions in total cholesterol and LDL-C in
patients with hypothyroidism. These findings further support
the interpretation that thyroid dysfunction contributes
substantially to dyslipidaemia and that restoration of thyroid
hormone status may improve lipid metabolism.

Therefore, the positive association between TSH and total
cholesterol observed in the present study is in agreement with
the established metabolic consequences of hypothyroidism

and reinforces the importance of evaluating cholesterol levels in
patients with elevated TSH concentrations.

Relationship Between Serum TSH and LDL-C

The present study demonstrated a statistically significant positive
correlation between serum TSH and LDL-C (r = 0.288, p <
0.001). This finding indicates that higher TSH concentrations
were associated with higher LDL-C levels among the study
participants.

Elevated LDL-C is considered one of the most important lipid
abnormalities associated with hypothyroidism. Reduced thyroid
hormone activity decreases hepatic LDL receptor-mediated
uptake and clearance of circulating LDL particles, resulting in
prolonged LDL residence time and increased plasma LDL-C
concentrations.[*-31

The present findings are supported by the systematic review and
meta-analysis of Kotwal et al,™Y] which demonstrated significant
reductions in LDL-C following levothyroxine therapy,
particularly in overt hypothyroidism. Their findings provide
strong evidence that thyroid hormone status has an important
influence on LDL metabolism.[*4

Evidence from randomized trials in subclinical hypothyroidism
has also demonstrated improvement in total cholesterol and
LDL-C following levothyroxine treatment. A systematic review
and meta-analysis by Li et al,'¥] reported significant reductions
in total cholesterol and LDL-C following thyroid hormone
replacement, although changes in HDL-C and triglycerides were
less consistent. 3]

These observations are relevant to the present study because
LDL-C represents a major atherogenic lipid fraction. The
positive association between serum TSH and LDL-C therefore
suggests that worsening thyroid dysfunction may contribute to an
increasing atherogenic burden and potentially greater long-term
cardiovascular risk.

Relationship Between Serum TSH and Triglycerides

A statistically significant positive correlation was also observed
between serum TSH and triglycerides (r = 0.254, p < 0.001). This
indicates that patients with higher TSH concentrations tended to
have higher triglyceride levels.

The effect of hypothyroidism on triglyceride metabolism is
biologically plausible. Thyroid hormones influence the activity
of several enzymes involved in the metabolism and clearance of
triglyceride-rich lipoproteins. Reduced thyroid hormone activity
may impair lipoprotein lipase-mediated clearance and alter
hepatic lipid metabolism, resulting in increased circulating
triglyceride concentrations.[*-3]

The relationship between hypothyroidism and triglycerides,
however, has been somewhat more variable across previous
studies than the relationship with total cholesterol and LDL-C.
Differences in obesity, insulin resistance, dietary factors,
diabetes mellitus, disease severity, and levothyroxine treatment
status may influence triglyceride concentrations and contribute
to variation between study populations.

The present findings nevertheless support evidence that
triglyceride abnormalities may form part of the dyslipidaemic
pattern associated with hypothyroidism. Recent systematic
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evidence has also reported improvement in triglyceride
concentrations  following levothyroxine therapy in
hypothyroid populations, although the magnitude of change
may vary according to the severity of thyroid dysfunction and
patient characteristics.[*11?]

Thus, the significant positive correlation observed in the
present study suggests that increasing TSH concentrations
may be associated not only with cholesterol abnormalities
but also with impaired triglyceride metabolism.
Relationship Between Serum TSH and HDL-C

In contrast to total cholesterol, LDL-C, and triglycerides, the
present study did not demonstrate a statistically significant
correlation between serum TSH and HDL-C (r = 0.052, p =
0.368).

This finding is consistent with the heterogeneous results
reported in previous investigations regarding the effect of
hypothyroidism on HDL-C. Unlike LDL-C, the relationship
between thyroid dysfunction and HDL-C is influenced by
multiple metabolic mechanisms, including HDL synthesis,
cholesteryl ester transfer, hepatic lipase activity, and reverse
cholesterol transport. Consequently, HDL-C concentrations
may not change uniformly with increasing TSH
concentrations.

Evidence from systematic reviews has also shown that
changes in HDL-C following thyroid hormone replacement
are less consistent than changes in total cholesterol and LDL-
C. For example, randomized evidence in subclinical
hypothyroidism demonstrated significant reductions in total
cholesterol and LDL-C without a statistically significant
effect on HDL-C.'®l Similarly, variation in HDL-C
responses has been observed across studies of thyroid
dysfunction and levothyroxine treatment.*!]

The absence of a significant association between TSH and
HDL-C in the present study should therefore be interpreted
within this context. HDL-C alone may not adequately reflect
the complex changes in lipoprotein metabolism occurring in
hypothyroidism, which supports the value of evaluating
multiple lipid parameters simultaneously.

Relationship Between Serum TSH and the Lipid Tetrad
Index

An important finding of the present study was the statistically
significant positive correlation between serum TSH and the
Lipid Tetrad Index (r = 0.117, p = 0.043). Although the
magnitude of the correlation was relatively weak, its
statistical significance suggests that increasing thyroid
dysfunction was associated with an increase in composite
lipid-related risk.

The Lipid Tetrad Index incorporates total cholesterol,
triglycerides, LDL-C, and HDL-C into a single composite
measure:

Lipid Tetrad Index = (Total Cholesterol x Triglycerides x
LDL-C)/HDL-C

The advantage of such a composite index is that it
simultaneously incorporates several atherogenic and
protective lipid components. In the present study, the positive
association between TSH and LTI reflects the combined
contribution of increasing total cholesterol, LDL-C, and
triglycerides with changing thyroid status.

The finding is particularly relevant because conventional

lipid parameters may individually underestimate the overall
metabolic burden associated with hypothyroidism. Composite
lipid indices may provide additional information by integrating
multiple components of dyslipidaemia.
Previous research has similarly suggested that composite
atherogenic indices may demonstrate significant associations
with thyroid dysfunction. For example, a case-control study from
South India reported significantly higher atherogenic index
values among women with subclinical hypothyroidism and
demonstrated a significant positive correlation between TSH and
the Atherogenic Index of Plasma.[*4
The present findings therefore extend this concept to the Lipid
Tetrad Index and suggest that composite lipid assessment may be
useful in identifying the cumulative lipid-related consequences
of thyroid dysfunction.
However, because the correlation between TSH and LTI in the
present study was relatively weak (r = 0.117), the result should
be interpreted cautiously. Lipid metabolism is influenced by
several additional factors, including age, sex, body mass index,
dietary habits, insulin resistance, physical activity, duration of
hypothyroidism, and treatment status. Therefore, TSH alone is
unlikely to determine the complete lipid profile of an individual
patient.
Comparison With Previous Studies
The overall pattern observed in the present study is broadly
consistent with  previous research demonstrating that
hypothyroidism is associated predominantly with increased total
cholesterol and LDL-C, while changes in triglycerides and HDL-
C may be more variable.
The systematic review and meta-analysis by Kotwal et al !
provided strong evidence that treatment of hypothyroidism with
levothyroxine is associated with improvement in lipid
parameters, particularly total cholesterol and LDL-C. This
supports the biological interpretation of the present findings that
higher TSH concentrations are associated with an increasingly
adverse lipid profile.
Similarly, Akhtar et al,'? concluded that levothyroxine therapy
generally has beneficial effects on total cholesterol, LDL-C, and
triglyceride concentrations in patients with hypothyroidism.*
However, not all population-based studies have demonstrated
strong correlations between serum TSH and every lipid
parameter. A community-based investigation reported that the
relationship between TSH and lipid parameters may vary
according to demographic and clinical characteristics, including
age, sex, and other metabolic factors.[**!

These differences between studies may be explained by several

methodological and clinical factors:

1. Severity of hypothyroidism: Lipid abnormalities may be
more pronounced in overt hypothyroidism than in mild or
subclinical disease.

2. Treatment status: Levothyroxine therapy may partially
correct thyroid-related lipid abnormalities.

3. Duration of disease: Chronic thyroid hormone deficiency
may have different metabolic consequences than recently
diagnosed disease.

4. Body mass index and insulin resistance: These factors
independently influence triglycerides and other lipid
parameters.

5. Age and sex distribution: Lipid metabolism differs
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substantially according to demographic characteristics.
6. Study design and sample size: Cross-sectional and

longitudinal studies may produce different estimates of

association.
These considerations are particularly important in the
interpretation of the present findings, as 80% of the study
population was receiving levothyroxine therapy. Treatment
status may have modified the magnitude of the observed
associations between TSH and lipid parameters.
Clinical Implications
The findings of the present study have important clinical
implications. The significant positive correlations between
serum TSH and total cholesterol, triglycerides, and LDL-C
suggest that patients with inadequate thyroid control may be
at increased risk of dyslipidaemia.
Therefore, assessment of thyroid function should be
considered when evaluating unexplained or persistent
abnormalities in the lipid profile. Conversely, lipid
evaluation may be clinically valuable in patients with
hypothyroidism, particularly in those with elevated or
inadequately controlled TSH concentrations.
The significant association between TSH and the Lipid
Tetrad Index further suggests that composite lipid measures
may provide supplementary information regarding the
overall lipid-related burden. Rather than relying exclusively
on a single lipid parameter, comprehensive evaluation of
total cholesterol, triglycerides, LDL-C, HDL-C, and
potentially composite lipid indices may provide a broader
assessment of metabolic and cardiovascular risk.
Strengths and Limitations of this study
A major strength of the present study was the relatively large
sample size of 300 patients with hypothyroidism and the
simultaneous evaluation of conventional lipid parameters
together with the Lipid Tetrad Index. The study therefore
provides an integrated assessment of the relationship
between thyroid dysfunction and lipid-related metabolic
abnormalities.
Nevertheless, several limitations should be considered. First,
the cross-sectional design identifies associations but cannot
establish causality. Second, the study included patients
receiving levothyroxine therapy, which may have influenced
both TSH concentrations and lipid parameters. Third, factors
such as dietary habits, physical activity, insulin resistance,
medication use, and other metabolic variables may have
affected lipid concentrations. Finally, the relatively weak
correlation between TSH and LTI indicates that composite
lipid risk is influenced by multiple determinants beyond
thyroid function alone.
Future prospective studies with detailed adjustment for
metabolic confounders and evaluation of changes in lipid
parameters following achievement of euthyroidism would
provide additional evidence regarding the temporal
relationship between thyroid function and composite lipid
risk.

CONCLUSION

The present study demonstrated that serum thyroid-
stimulating hormone (TSH) was significantly positively

correlated with total cholesterol, triglycerides, low-density
lipoprotein cholesterol (LDL-C), and the Lipid Tetrad Index
among patients with hypothyroidism. In contrast, no statistically
significant association was observed between serum TSH and
high-density lipoprotein cholesterol (HDL-C). These findings
indicate that increasing thyroid dysfunction, reflected by higher
serum TSH concentrations, is associated with a progressively
adverse lipid profile and an increased overall lipid-related
burden. The significant, although relatively weak, association
between TSH and the Lipid Tetrad Index further suggests that
composite lipid indices may provide supplementary information
beyond individual lipid parameters. Therefore, comprehensive
assessment of thyroid function and lipid abnormalities may be
valuable in the clinical evaluation and management of patients
with hypothyroidism. However, because of the cross-sectional
nature of the study, these associations should not be interpreted
as evidence of causality, and prospective studies are needed to
further clarify the relationship between thyroid status and lipid-
related cardiovascular risk.
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