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Background: Hypothyroidism commonly affects elderly individuals, involving complex interactions
within the endocrine system. This study explores the relationship between various endocrine factors
and the effectiveness of thyroid hormone replacement therapy (THRT) in an elderly hypothyroid popu-
lation.

Methods: A total of 150 elderly patients diagnosed with hypothyroidism and subsequently treated with
THRT were enrolled. Clinical evaluations, laboratory data, and symptom assessments were recorded.
Multivariate regression models were then employed to investigate the impact of endocrine changes on
THRT efficacy.

Results: The overall success rate of THRT was 85.3%, with a significant association between hormone
levels and treatment effectiveness. When stratified by body mass index (BMI), patients with a normal
BMI (18.5-24.9) demonstrated the highest success rate (93.5%), while those classified as obese (BMI >
30) showed the lowest (75.8%). Furthermore, both insulin and leptin levels were significantly correlated
with THRT outcomes; abnormal levels were linked to diminished response rates. Logistic regression
confirmed that insulin and leptin were strong predictors of THRT efficacy, highlighting their critical roles
in guiding treatment.

Conclusion: Endocrine factors — particularly insulin and leptin — exert a notable influence on the effec-
tiveness of THRT in elderly hypothyroid patients. Early evaluation of these parameters may enable more
targeted and successful treatment strategies, ultimately improving therapeutic outcomes in this popu-

lation.

Copyright © 2025, Taiwan Society of Geriatric Emergency & Critical Care Medicine.

1. Introduction

Hypothyroidism is a common endocrine disorder characterized
by inadequate production of thyroid hormones, primarily thyroxine
(T4) and triiodothyronine (T3), which are essential for regulating me-
tabolism, protein synthesis, and overall growth and development.l'2
The condition may manifest as primary hypothyroidism, resulting
from intrinsic thyroid gland dysfunction, or as central hypothyro-
idism, stemming from disturbances in the hypothalamic-pituitary-
thyroid (HPT) axis.2 Globally, iodine deficiency remains a major cause
of hypothyroidism, especially in developing regions. In iodine-suffi-
cient areas, autoimmune thyroiditis — most notably Hashimoto’s
thyroiditis — is more prevalent.3'4 Risk factors include female sex,
age over 60 years, and a family history of thyroid disease.? Diagnosis
primarily relies on detecting elevated thyroid-stimulating hormone
(TSH) levels alongside reduced serum free T4.%3 Lifelong hormone
replacement therapy with levothyroxine is the cornerstone of treat-
ment, with regular monitoring and dosage adjustments crucial for
managing the condition effectively and preventing complications
such as cardiovascular issues and infertility.l'5
* Corresponding author. Geriatrics Department, Affiliated Hospital of Hebei University,
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The intricate relationship among endocrinology, metabolism,
and hypothyroidism underscores the multifaceted nature of thyroid
dysfunction. Hypothyroidism induces a hypoactive metabolic state
that can exacerbate insulin resistance and impair glucose meta-
bolism, thereby heightening the risk of both Type 1 and Type 2 dia-
betes.®” The interplay between thyroid hormones and insulin is es-
pecially pivotal: thyroid hormones regulate key metabolic pathways,
while insulin in turn modulates thyroid function — creating a bi-
directional dynamic that complicates disease management in pa-
tients with multiple comorbidities.®® In addition, hypothyroidism is
linked to dyslipidemia and heightened cardiovascular risk.””® Nota-
bly, the prevalence of subclinical hypothyroidism is higher among
individuals with obesity.:lo Thyroid hormones, chiefly T4 and T3, are
central to metabolic regulation, influencing processes such as insulin
sensitivity and lipid metabolism. 112 Levothyroxine (LT4) remains
the standard treatment for hypothyroidism, effectively restoring
metabolic balance and improving insulin resistance in those with
subclinical hypothyroidism.u'13

The interplay between hypothyroidism and sex hormones —
namely estrogen, testosterone, and cortisol — remains complex. In
men, hypothyroidism is associated with reduced testosterone levels,
a decline that can often be reversed through thyroid hormone re-
placement therapy.14 Moreover, a genetic predisposition to hypo-
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thyroidism correlates with decreased sex hormone-binding globulin
and testosterone levels.’ In women, hypothyroidism impairs folli-
cular development and estradiol secretion.® Cortisol also shows
varied correlations with psychological traits and behaviors, implying
that broader hormonal balance, including thyroid function, may in-
fluence psychological outcomes differently in men and women.*’

Building on the complex interplay of various endocrine factors
and thyroid hormones, this study aims to determine which endo-
crine parameters may be associated with the efficacy of thyroid hor-
mone replacement therapy (THRT) in elderly patients with hypo-
thyroidism. We hypothesize that these endocrine factor levels could
influence therapeutic outcomes, potentially necessitating dosage
adjustments to enhance treatment effectiveness in this population.
By identifying and examining these factors, our investigation seeks
to lay the groundwork for more tailored, effective treatment proto-
cols for managing hypothyroidism in the elderly.

2. Subjects and methods

This study was a retrospective observational analysis involving
150 elderly patients with hypothyroidism. Approval was obtained
from the Ethics Committee of the Affiliated Hospital of Hebei Univer-
sity, and informed consent was secured from all participants. The in-
clusion criteria were: (1) age > 65 years; (2) a diagnosis of hypo-
thyroidism confirmed by clinical evaluation and laboratory tests; and
(3) no prior THRT. The exclusion criteria were: (1) severe comor-
bidities such as cardiovascular disease or chronic kidney disease; (2)
any condition that affects thyroid hormone metabolism (e.g., pitu-
itary dysfunction or adrenal insufficiency); (3) a history of thyroid
cancer or pituitary disease; and (4) use of medications known to sig-
nificantly interfere with thyroid hormone metabolism (e.g., gluco-
corticoids or amiodarone).18

Blood samples were collected by venipuncture into serum se-
parator tubes (BD Vacutainer® SST™) and left at room temperature
for 30 minutes to clot before centrifugation at 3,000 x g for 15 min-
utes. The resulting serum was then aliquoted and stored at —80 °C
until further analysis. Thyroid function tests (T3, T4, and TSH) were
conducted using standardized assays (Tellgen, China). Estrogen, tes-
tosterone, cortisol, insulin, leptin, and ghrelin levels were measured
with commercially available enzyme-linked immunosorbent assay
(ELISA) kits, following the manufacturers’ instructions. Each sample
and standard were measured in triplicate, and optical density read-
ings were obtained using a microplate reader. The inter- and intra-
assay coefficients of variation were maintained below 10%, ensuring
accuracy and reliability of the hormone measurements.

Thyroid hormone replacement therapy generally involves ad-
ministering levothyroxine (LT4) to restore normal thyroid function in
hypothyroid patients. An initial daily dose of approximately 1.6 ng/
kg is commonly recommended for otherwise healthy adults, with
dose calculations based on ideal body weight in patients who are
overweight. After therapy is initiated, serum TSH (and occasionally
free T4) levels are measured at around 6—-8 weeks to evaluate dose
adequacy. If TSH remains elevated, indicating under-replacement,
the daily dose is typically increased by 12.5-25 ug. Conversely, if TSH
is suppressed below the normal range, the dose is lowered by a simi-
lar increment. Once TSH levels stabilize within the normal or target
range and clinical symptoms are controlled, routine follow-up every
6—12 months is generally sufficient.

Data collection aimed to gather comprehensive clinical, bio-
chemical, and symptomatic information for each participant. Demo-
graphic data included age, sex, and body mass index (BMI). Medica-
tion history was recorded in detail, covering both prescribed and
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over-the-counter medications, as well as any prior or current use of
THRT.

2.1. Statistical analysis

Baseline characteristics were analyzed using either the t-test or
the XZ test, as appropriate. Univariable and multivariable logistic re-
gression analyses were then conducted to assess independent fac-
tors associated with treatment efficacy. A p-value < 0.05 was consid-
ered statistically significant. All statistical analyses were performed
using STATA version 9 (StataCorp LP, College Station, TX).

3. Result
3.1. Baseline characteristics of the study population

Table 1 summarizes the clinical characteristics of the 150 study
participants, including age, gender, and BMI. Most individuals (87.3%,
n = 131) had no family history of thyroid disease, while 12.7% (n =
19) reported a positive familial history. Among the cohort, 54.7% (n =
82) presented with unilateral thyroid nodules, and 45.3% (n = 68)
had bilateral thyroid nodules. Hormone levels — TSH, T3, T4, para-
thyroid hormone (PTH), insulin, leptin, ghrelin, estrogen, testoster-
one, and cortisol — were also measured.

3.2. Complete efficacy of thyroid hormone replacement
therapy

As expected, TSH levels decreased significantly from a baseline
mean of 4.99 + 1.48 mU/L to 2.30 £+ 0.95 mU/L (p < 0.001), and this
difference remained significant even after Holm—Bonferroni correc-
tion (adjusted p < 0.01) (Supplementary Table S1). Although T3 and
T4 also showed improvement in unadjusted analyses, they did not
retain significance once corrected for multiple comparisons (Supple-
mentary Table S1). No other hormone (insulin, leptin, ghrelin, estro-
gen, testosterone, cortisol, PTH) exhibited statistically significant
changes between baseline and post-treatment values.

We defined efficacy as the proportion of patients who achieved

Table 1
Clinical characteristics of participants.

Characteristic Total participants (n = 150)

Age (years) 65.8+5.6
Gender
Male, n (%) 69 (46.0%)
Female, n (%) 81 (54.0%)
BMI (kg/m?) 23.3+3.1
Family history of thyroid disease
No 131 (87.3%)
Yes 19 (12.7%)

Admission diagnosis
Unilateral nodule
Bilateral nodule

Hormone levels

82 (54.7%)
68 (45.3%)

TSH (mU/L) 4.99+1.48
T3 (ng/dL) 0.99+0.20
T4 (pg/dL) 5.18+1.12
PTH (pg/mL) 55.79 +22.88
Insulin (nU/mL) 10.24 + 3.05
Leptin (ng/mL) 30.71+8.07
Ghrelin (pg/mL) 101.86 +30.27
Estrogen (pg/mL) 29.94+10.21

213.96 £58.31
150.00 £37.00

Testosterone (ng/dL)
Cortisol (nmol/L)
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a euthyroid state, as determined by TSH levels falling within the labo-
ratory’s normal reference range (0.4-4.5 mU/L), as well as symp-
tomatic improvement. Table 2 displays the efficacy of thyroid hor-
mone replacement therapy across various demographic and clinical
subgroups within the study population. Overall efficacy was 85.3%.

Although unadjusted analyses suggested modest efficacy differ-
ences by age, sex, BMI, and hormone levels, none remained signifi-
cant after Holm—Bonferroni correction (all adjusted p > 0.05) (Table
2). Lower efficacy was initially observed for overweight (78.7%) and
obese (75.8%) participants compared to those with normal (93.5%)
or underweight (91.7%) BMI, but this association was lost after cor-
rection (Table 2). Higher insulin (> 20 pU/mL) or leptin (> 20 ng/mL)
also showed lower efficacy (~74%), yet these relationships did not
persist post-adjustment (Table 2). No significant differences em-
erged in any hormone subgroups (Table 2).

3.3. Correlation analysis between hormone levels and
therapy efficacy

Table 3 displays the correlation analysis results for various hor-
mone levels and the efficacy of thyroid hormone replacement ther-
apy (THRT), as determined by TSH levels. Insulin showed a significant
negative correlation with therapy efficacy (r =—-0.45, p = 0.0002), in-
dicating that higher insulin levels are linked to reduced treatment ef-
fectiveness. A similarly significant negative correlation was observed
with leptin (r =-0.38, p = 0.001).

In contrast, ghrelin, estrogen, testosterone, and cortisol did not

Table 2
Complete efficacy of thyroid hormone replacement therapy.

Efficacy Holm—Bonferroni
(%) adjusted p-value
Overall 85.3% -
Age 0.35 1.26
65-74 (n = 59) 88.1%
75-84 (n = 65) 84.6%
85+ (n =26) 80.8%
Gender 0.21 1.26
Male (n = 65) 84.6%
Female (n = 85) 85.9%
BMI 0.01 0.09
Underweight (< 18.5) (n =12) 91.7%
Normal (18.5-24.9) (n = 62) 93.5%
Overweight (25.0-29.9) (n = 47) 78.7%
Obese (> 30) (n =29) 75.8%

Insulin 0.02 0.16

Low (< 5.0 mU/L) (n = 23) 87.0%
Normal (5.0-20.0 mU/L) (n = 88) 90.0%
High (> 20.0 mU/L) (n = 39) 74.4%

Leptin 0.02 0.16

Low (< 2.0 ng/mL) (n =27) 85.2%
Normal (2.0-20.0 ng/mL) (n=89)  90.0%
High (> 20.0 ng/mL) (n = 34) 73.5%

Ghrelin 0.51 1.92
Low (< 500 pg/mL) (n = 34) 82.3%
Normal (=500 pg/mL) (n = 116) 86.2%

Estrogen 0.48 1.92
Low (< 20 pg/mL) (n = 29) 82.8%
Normal (> 20 pg/mL) (n = 121) 86.0%

Testosterone 0.59 1.92
Low (< 3 ng/mL) (n =22) 81.8%
Normal (= 3 ng/mL) (n = 128) 85.9%

Cortisol 0.73 1.92
Low (< 5 pg/dL) (n = 28) 85.7%
Normal (> 5 pg/dL) (n = 122) 85.2%

H.y. Li et al.

exhibit statistically significant relationships with treatment efficacy.
Their correlation coefficients — ghrelin (-0.12, p = 0.35), testoster-
one (—0.10, p = 0.28), estrogen (0.13, p = 0.15), and cortisol (0.05, p =
0.52) — reflected only weak associations, none of which reached sig-
nificance (Table 3).

3.4. Logistic regression analysis on factors influencing the
efficacy of thyroid hormone replacement therapy

Table 4 details the outcomes of logistic regression analyses as-
sessing the influences on the efficacy of thyroid hormone replace-
ment therapy in elderly patients with hypothyroidism.

In the univariate analysis, BMI, insulin, and leptin were signifi-
cantly associated with therapy efficacy (Table 4). After adjusting for
potential confounders in the multivariate analysis, insulin and leptin
remained significant predictors, whereas BMI’s effect was no longer
statistically significant (Table 4). Other factors, including age, ghrelin,
estrogen, testosterone, and cortisol, did not show any significant in-
fluence on treatment efficacy in either the univariate or multivariate
models (Table 4).

4, Discussion

This study sought to investigate the influence of various endo-
crine factors on the efficacy of thyroid hormone replacement ther-
apy in elderly patients with hypothyroidism. Our findings indicate
that insulin and leptin levels are key predictors of treatment success.
Consequently, closer monitoring of TSH and thyroid hormone levels
may be advisable for patients at higher risk. This investigation lays
the groundwork for more personalized and effective management
strategies for hypothyroidism in the elderly.

Hypothyroidism markedly influences body metabolism by alter-
ing thyroid hormone levels and subsequent metabolic processes. Be-
cause thyroid hormones regulate energy expenditure, lipid metabo-
lism, and glucose homeostasis, hypothyroidism often leads to insulin
resistance and dyslipidemia.w’20 Thyroid hormone replacement the-
rapy (THRT), especially levothyroxine, has demonstrated improve-
ments in metabolic markers, such as insulin sensitivity and lipid pro-

Table 3
Correlation analysis between hormone levels and therapy efficacy.

Correlation Holm—Bonferroni
Hormone . p value .

coefficient adjusted p-value
Insulin -0.45 0.0002 0.0012
Leptin -0.38 0.001 0.005
Ghrelin -0.12 0.35 0.60
Estrogen 0.13 0.15 0.84
Testosterone -0.10 0.28 0.84
Cortisol 0.05 0.52 0.84

Table 4

Logistic regression analysis.

Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value
Age 1.05(0.98-1.11)  0.12
Gender 0.93 (0.44-1.98) 0.22
BMI 0.83 (0.65-1.02) 0.03 0.95(0.78-1.08)  0.15
Insulin 0.67 (0.47-0.75) <0.01 0.72 (0.57-0.87) <0.01
Leptin 0.73 (0.55-0.84) <0.01 0.78 (0.64-0.91)  0.02
Ghrelin 0.94 (0.80-1.03) 0.27
Estrogen 1.05(0.92-1.20) 0.40
Testosterone 0.98 (0.85-1.12) 0.75
Cortisol 1.10 (0.92-1.28) 0.28




THRT Efficacy in Elderly Hypothyroidism

files, in individuals with subclinical hypothyroidism.ll’21 This treat-

ment can also normalize metabolic imbalances by enhancing fatty
acid oxidation and modifying bile acid production.21 Insulin, a key
modulator of serum leptin levels — particularly under conditions like
diabetes and hypothyroidism — further underscores the interwoven
nature of these hormones.?? In subclinical hypothyroidism, levo-
thyroxine therapy improves insulin resistance and metabolic pro-
files, suggesting a beneficial effect on leptin and overall metabolic
health.?* Additionally, hypothyroidism is linked to weight gain and
disrupted leptin levels, potentially impairing reproductive function.?
Studies have shown that levothyroxine normalizes serum leptin le-
vels in both overt and subclinical hypothyroidism.24 As indicated by
our logistic regression analysis, insulin and leptin emerged as signifi-
cant predictors of THRT efficacy. Physiologically, both hormones play
integral roles in metabolic regulation and energy homeostasis, likely
intersecting with thyroid hormone pathways. Elevated insulin may
impair thyroid hormone utilization through increased peripheral re-
sistance, as evidenced by research on metabolic syndrome and thy-
roid function.®

We acknowledge the ongoing debate about indications, bene-
fits, and risks of treating subclinical hypothyroidism in elderly pa-
tients. Although the TSH (4.99 mU/L) in our cohort falls within the
subclinical hypothyroidism range, many participants had repeated
TSH measurements above the upper limit of normal and exhibited
symptoms suggestive of hypothyroidism (e.g., fatigue, weight gain,
and metabolic disturbances). Clinical practice guidelines emphasize
an individualized approach for subclinical hypothyroidism, particu-
larly in the elderly who may present with nuanced or atypical symp-
toms and face higher cardiovascular risks. 2627 Emerging evidence
suggests that even mild thyroid dysfunction can exacerbate insulin
resistance, dyslipidemia, and cardiovascular risk in older adults. 28730
We therefore hypothesized that optimizing thyroid function — even
if subclinical — might confer metabolic and symptomatic improve-
ments. Indeed, several participants reported symptomatic benefits
following low-dose levothyroxine therapy. Recognizing that there is
no universal consensus on treating subclinical hypothyroidism in
older adults, we followed an individualized treatment model that
considered repeated TSH tests, clinical symptoms, comorbidities,
and patient preferences. This approach aligns with recent guidelines
recommending shared decision-making and a cautious trial of levo-
thyroxine in symptomatic subclinical hypothyroidism.ZG'31

The relationship among BMI, hypothyroidism, and THRT is intri-
cate and multifaceted. Previous research highlights the difficulties of
managing hypothyroidism in patients with obesity.32 Studies indi-
cate that BMI significantly influences levothyroxine dosing; obese
patients often require lower dosages than individuals of normal
weight.33 Additionally, hypothyroidism can trigger metabolic distur-
bances that promote weight gain, while obesity may disrupt the hy-
pothalamic-pituitary-thyroid axis and elevate TSH levels.34 Although
levothyroxine therapy can lead to modest weight loss, it is largely
attributable to water rather than fat loss, and its effect on weight in
euthyroid individuals remains inconclusive.®® As a result, the inter-
play between thyroid function and obesity calls for careful clinical
consideration, especially when initiating THRT in obese patients with
hypothyroidism.34

In our study, patients with a low or normal BMI demonstrated
the highest response rate, while those who were overweight showed
a markedly lower efficacy. These findings underscore the importance
of considering BMI when individualizing treatment strategies. The
influence of BMI on thyroid function is well-documented, with obe-
sity known to alter thyroid hormone metabolism and often necessi-
tate higher medication dosages.32
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This study offers valuable insights into the efficacy of thyroid
hormone replacement therapy in elderly patients. However, several
limitations should be acknowledged. First, the small sample size may
not have provided sufficient statistical power for subgroup analyses.
Second, the single-center nature of the study could introduce selec-
tion bias, limiting the generalizability of the results to broader el-
derly populations. Finally, relying solely on static hormone measure-
ments (e.g., TSH, T3, T4) without accounting for diurnal variations or
dynamic testing may reduce the depth of insight into individual hor-
mone responsiveness. Recognizing these limitations underscores
the importance of interpreting the findings with caution and high-
lights the need for additional multicenter and longitudinal research
to confirm these results.

This study underscores the essential influence of metabolic and
hormonal factors on the efficacy of thyroid hormone replacement
therapy in elderly patients. The findings highlight the promise of a
precision medicine approach, which integrates metabolic and endo-
crine profiling into standard care protocols to enhance therapeutic
outcomes. Ultimately, the adoption of these personalized strategies
offers a promising pathway toward optimizing thyroid hormone the-
rapy and improving quality of life for older adults with hypothyro-
idism.
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