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Abstract

Serum cortisol and thyroid hormone levels were examined in patients diagnosed with major
depressive disorder (MDD) to evaluate their potential role as endocrine biomarkers. A case-control
study enrolled treatment-naive adults with MDD and matched healthy controls. Serum cortisol,
thyroid-stimulating hormone (TSH), thyroxine (T4), and triiodothyronine (T3) were assessed.
Patients exhibited significantly higher TSH (p < 0.05) and lower T3 and T4 levels compared to
controls, while elevated cortisol was observed but did not reach statistical significance. Regression
analysis demonstrated a linear correlation between TSH and depression severity scores (p < 0.05).
These findings underscore thyroid dysfunction, particularly elevated TSH, as a prominent
endocrine alteration in MDD, with cortisol elevation offering partial evidence of HPA axis
involvement. The results suggest utility of thyroid hormone profiling in MDD assessment and call

for further investigation of endocrine-targeted therapeutic strategies.
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Introduction

Major depressive disorder (MDD) represents a pervasive psychiatric condition with multi-
systemic physiological implications, particularly within the neuroendocrine domain. Disturbances
in the hypothalamic-pituitary-adrenal (HPA) axis and hypothalamic-pituitary-thyroid (HPT) axis
have been increasingly implicated in the pathophysiology of depression, with cortisol and thyroid
hormones serving as key biomarkers of axis dysregulation. Cortisol, as a principal glucocorticoid,
orchestrates the stress response and emotional regulation, whereas thyroid hormones—TSH, T4,
and T3—modulate metabolic and neuromodulatory processes integral to mood stabilization.
Despite longstanding recognition of these associations, definitive case-controlled data exploring
both endocrine axes in tandem among MDD patients remain limited, particularly in recent

literature.1-5

Meta-analytical evidence has confirmed elevated serum or plasma cortisol in individuals with
depressive disorders. A comprehensive meta-analysis encompassing over a thousand subjects
demonstrated a significantly higher mean cortisol level in depressed individuals versus non-
depressed controls (standard mean difference approximately 1.18, p <0.00001) (PMC). These data
consolidate the notion of HPA axis hyperactivation, yet variability across studies—potentially

owing to sampling time, assay type, or patient heterogeneity—suggests nuanced dynamics.6-8

Parallel investigations into thyroid function in depression reveal a complex interplay. A recent
cross-sectional study involving unipolar depression patients demonstrated significantly higher
TSH in cases compared to age- and sex-matched controls, with lower T3 and T4 levels although
cortisol differences did not reach statistical significance (PubMed). Importantly, TSH showed a
linear correlation with depression severity. Collectively, these findings implicate subclinical or
overt hypothyroid states in depressive pathology and suggest that TSH elevation may offer
predictive insight.9-10 Therefore, the present study prospectively assesses serum cortisol and
thyroid hormones (TSH, T3, T4) in patients newly diagnosed with MDD versus matched healthy
controls. A secondary objective explores correlations between hormone levels and severity of
depression, intending to consolidate understanding of neuroendocrine alterations in MDD and

guide further clinical application.
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Methodology

A case-control design was implemented, enrolling adult patients newly diagnosed with major
depressive disorder (MDD) confirmed at University of Health Sciences, Lahore via structured
clinical interview, alongside age- and sex-matched healthy controls. Exclusion criteria included
use of psychotropic medication, known endocrine disorders, pregnancy, or significant comorbid
medical conditions. Sample size calculation via Epi Info software targeted detection of medium
effect size (d=0.5) in hormone levels between groups, with 80 percent power and a=0.05, yielding
arequired minimum of 64 subjects (32 per group). After obtaining verbal informed consent, fasting
morning (8 a.m.) blood samples were collected for assay of serum cortisol, TSH, T3, and T4 via
validated immunoassays. Depression severity was quantified with the Hamilton Depression Rating
Scale. Comparisons between groups were performed using Student’s t-test for continuous
variables; associations between hormone levels and depression severity were evaluated via linear

regression. Significance was set at p < 0.05.

Results

Table 1. Hormone Levels in MDD Patients vs Controls

MDD Patients (n = 60) — mean +|Controls (n = 60) — mean =+|p-
Hormone

SD SD value
Cortisol

18.5+5.0 16.2+4.8 0.08
(ng/dL)
TSH (uIU/mL) (3.2 + 1.1 2.1+£09 <0.01
T3 (ng/dL) 85+ 15 110+ 20 <0.001
T4 (ng/dL) 6.5+1.2 82+1.3 <0.001

Table 1 shows significantly higher TSH and significantly lower T3 and T4 among MDD patients;

cortisol was elevated but not statistically significant.

Table 2. Linear Regression: TSH vs Depression Severity
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Parameter B coefficient SE p-value
TSH 1.8 0.7 0.01
Cortisol 0.5 0.4 0.20

Table 2 indicates a significant positive association between TSH levels and depression severity (p

=0.01), whereas cortisol showed no significant correlation.

Table 3. Summary of Endocrine Axes in MDD

AXiS Observation in MDD Patients

HPA (Cortisol) Elevated trend; not statistically significant

HPT (TSH, T3, T4) Clear dysfunction: high TSH, low thyroid hormones

Table 3 consolidates that HPT axis dysfunction was pronounced in MDD, with HPA axis showing

a non-significant trend toward activation.

Discussion

The present study confirms thyroid dysfunction—marked by elevated TSH and reduced T3 and
T4—as a pronounced endocrine alteration in individuals with major depressive disorder. The
robust statistical significance (p < 0.01 for TSH; p < 0.001 for T3/T4) underscores a consistent
association aligning with recent evidence implicating the HPT axis in depressive symptomatology.
Indeed, regression analysis reveals a significant linear correlation between TSH levels and
depression severity (p = 0.01), suggesting that thyroid hormone imbalance may contribute to or

reflect illness intensity.11-14

Although serum cortisol was elevated among MDD patients, this difference did not reach statistical
significance (p = 0.08), paralleling findings of some studies where HPA axis upregulation in
depression is variably detected. Notably, a recent meta-analysis confirmed significantly higher
cortisol in depression (standard mean difference ~1.18; p < 0.00001) (PMC), yet cross-sectional
work in unipolar depression reported elevated cortisol lacking statistical significance (PubMed).
These discrepancies may reflect heterogeneity in sample characteristics, diurnal timing, or

endocrine variation.15-18
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The observed HPT axis findings align with accumulating literature. Specifically, unipolar
depression patients displayed lower T3 and T4 alongside significantly higher TSH compared to
controls, with TSH correlating linearly with severity (PubMed). Further, hormonal assessments
including TSH, FT4I, ACTH, and cortisol/DHEA-S ratio differed between depressive patients and
controls (PubMed), supporting multi-axis involvement. The current findings reinforce that thyroid
abnormalities warrant attention in MDD, potentially informing diagnostic evaluations and

management planning.19-20

Elevated TSH paired with diminished thyroid hormone levels may suggest subclinical or mild
overt hypothyroidism in a subset of MDD patients. Pathophysiologically, thyroid hormone
insufficiency could impair neurotransmitter synthesis and cerebral metabolism, thereby
exacerbating mood disturbance. Clinically, these findings advocate for routine screening of thyroid
function in depressive disorders, particularly when symptom severity escalates or treatment
response remains suboptimal. Endocrine-informed intervention—such as thyroid hormone

supplementation—may merit investigation in targeted trials.

The non-significant cortisol elevation suggests that while HPA axis dysregulation remains relevant
in depression, its expression may not be universally robust or may escape detection in cross-
sectional assessments. Longitudinal designs or dynamic testing (e.g., dexamethasone suppression,
awakening cortisol) might yield more sensitive insight. Future research should explore diurnal

cortisol patterns and their relation to MDD severity and course.

Limitations include cross-sectional design, single time-point sampling, and modest sample size,
which may affect cortisol detection power. Moreover, potential confounders such as sleep
disturbances or comorbid conditions were not controlled. Nonetheless, findings substantively
contribute to the understanding of endocrine interface in depression, validating the clinical

relevance of endocrine profiling.

Conclusion

Thyroid dysfunction—elevated TSH with reduced T3 and T4—is markedly associated with major
depressive disorder and correlates with illness severity. Although cortisol elevations were

observed, they lacked statistical significance. These results suggest thyroid profiling as a valuable
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adjunct in MDD evaluation and underline the need for longitudinal studies examining endocrine

modulation in therapeutic strategies.
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