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Abstract

Aim: Graves' disease (GD) is an autoimmune disorder characterized by thyroid-specific autoimmunity and
systemic inflammation. This study aimed to investigate changes in hematological inflammatory indices during
follow-up in patients with GD and to evaluate their associations with thyraid function, thyroid autoantibodies,
and disease activity, with particular emphasis on thyrotropin receptor antibody (TRAD) positivity.

Methods: This retrospective observational study included 161 adult patients with Graves' disease who were
followed at a tertiary referral center. Hematological inflammatory indices, including neutrophil-to-lymphocyte
ratio (NLR), platelet-to-lymphocyte ratio (PLR), systemic immune-inflammation index (SII), neutrophil-to-platelet
ratio (NPR), monocyte-to-high-density lipoprotein cholesterol ratio (MHR), and C-reactive protein-to-albumin
ratio (CAR], were calculated using baseline laboratory data. Changes between diagnosis and follow-up were
analyzed. Correlation analyses, receiver operating characteristic (ROC) curve analyses, and multivariable
logistic regression models were performed to evaluate the relationships between inflammatory indices, thyroid
function, thyroid autoantibodies, and antibody positivity.

Results: A total of 161 patients with Graves' disease (mean age 41.9 + 121 years; 814% female) were included.
During follow-up, serum TSH increased significantly (0.06 + 014 to 1.80 = 4.94 mIU/L, P < .001), whereas FT3
decreased (6.36 + 5.26 to 4.01 + 1.66 pg/mL, P <.001). TRAb (811 + 9.55 to 412 + 5.63 IU/L), anti-TPQ (37616 + 373.75
to 248.63 + 28741 1U/mL), and anti-Tg (172.80 + 476.78 to 109.24 = 258.35 IU/mL) levels all declined significantly (all
p < 0.003). Hematological inflammatory indices also decreased significantly, including NLR (2.38 = 0.86 to 1.89 +
0.63, P<.001), PLR (141.8 + 38.6 t0 129.5 + 342, P = .003), SII (604 + 221 to 487 + 176, P < .001), NPR (0.0198 + 0.0056
to 0.0162 + 0.0048, P < .001), MHR (0.0127 + 0.0041 to 0.0104 + 0.0033, P < .001), and CAR (0.094 + 0.036 to 0.066
+ 0.027. P < .001). Among the evaluated biomarkers, CAR demonstrated the best diagnostic performance for
predicting persistent TRAb positivity at final follow-up (AUC 0.821, 95% CI 0.756-0.886), followed by NPR (adjusted
OR = 1.69, 95% Cl: 1.09-2.64, P = .025), MHR (AUC 0.782) and NPR (AUC 0.764). In multivariable logistic regression,
CAR (adjusted OR 2.58, 95% CI 1.56-4.28, P <.001) and MHR (adjusted OR 2.03, 95% Cl 1.26-3.28, P = .004) remained
independent predictors of TRAb positivity.

Conclusion: Routine hematological inflammatory indices reflect systemic immune activation in Graves' disease
and improve following treatment. Amang the evaluated biomarkers, CAR demonstrated the strongest and most
consistent association with thyroid autoimmunity, while MHR also showed robust independent predictive value.
These inexpensive and readily available biomarkers may complement conventional thyroid-specific tests for
assessing autoimmune activity and disease severity, although prospective multicenter validation is required
before routine clinical implementation.
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Introduction

Graves' disease (GD) is the most common cause of autoimmune
hyperthyroidism and is characterized by persistent stimulation of the
thyroid gland by thyroid-stimulating hormone receptor antibodies
(TRAb), resulting in excessive synthesis and secretion of thyroid
hormones!? Although the thyroid gland is the primary target organ,
Graves' disease is increasingly recognized as a systemic autoimmune
disorder involving complex interactions between innate and adaptive
immune responses.® Beyond thyrotoxicosis, the disease may affect
multiple organs, most notably the orbit and skin, leading to Graves'
orbitopathy and pretibial myxedema, respectively* Despite substantial
advances in understanding its immunopathogenesis, the mechanisms
determining the heterogeneous clinical manifestations and disease
severity remain incompletely understood.

The immunopathogenesis of Graves' disease involves activation
of autoreactive T lymphocytes, stimulation of B-cell-mediated
autoantibody production, dysregulated cytokine signaling, and
chronic systemic inflammation.5® Activated T-helper cells promote
B-cell differentiation and TRAb production, while pro-inflammatory
cytokines including interleukin-6 (IL-6), tumor necrosis factor-alpha
(TNF-a), interferon-gamma (IFN-y), and interleukin-17 (IL-17) amplify
the inflammatory cascade and contribute to thyroid tissue remaodeling
and extra-thyroidal manifestations” These immune-mediated
processes influence circulating leukocyte subsets, platelet activation,
and endathelial function, thereby producing measurable alterations in
peripheral blood cell counts that may reflect the systemic inflammatory
burden of the disease.

Routine complete blood count (CBC)-derived inflammatory biomarkers
have recently gained considerable attention because they provide
inexpensive, readily available, and reproducible indicators of systemic
inflammation. Among these, the neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), and systemic immune-inflammation
index (SlI), calculated as platelet x neutrophil / lymphocyte, have
emerged as promising markers reflecting the balance between
innate immune activation, adaptive immune suppression, and
platelet-mediated inflammatory responses.®™® Elevated neutrophil
counts generally indicate activation of the innate immune system,
whereas relative lymphopenia reflects stress-induced redistribution
or suppression of adaptive immunity. Increased platelet counts and
activation further contribute to inflammatory signaling through
interactions with leukocytes and endothelial cells!? Consequently,
these composite indices may provide a more comprehensive
assessment of systemic inflammation than individual hematologic
parameters alone.

Growing evidence suggests that hematological inflammatory indices
are associated with disease activity and prognosis in a wide spectrum
of autoimmune, endocrine, cardiovascular, and malignant disorders 8%
In thyroid diseases, chronic autoimmune inflammation appears to
influence leukocyte kinetics and platelet activation, making CBC-derived
biomarkers attractive candidates for evaluating inflammatory status.
Previous studies have demonstrated significantly higher NLR and PLR
values in patients with Graves' disease compared with healthy controls
and reported correlations with thyroid hormone concentrations, TRAb
levels, and the presence of Graves' orbitopathy" Furthermore, SlI
has recently emerged as a comprehensive inflammatory biomarker
integrating neutrophil, lymphocyte, and platelet counts, and has
shown promising diagnostic and prognostic performance in several
inflammatory and autoimmune diseases!®" Nevertheless, evidence
regarding its clinical utility in Graves' disease remains limited.

Disease activity assessment in Graves' disease currently relies primarily
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on biochemical thyroid function tests, including serum thyroid-
stimulating hormone (TSH), free thyroxine (FT4), free triiodothyronine
(FT3), and TRAb concentrations® Although these biomarkers
accurately reflect thyroid function and autoimmune activity, they do not
fully characterize the systemic inflammatory response accompanying
the disease. Moreover, laboratory assays such as TRAb measurements
may not be universally available, particularly in resource-limited
settings. Therefore, identifying inexpensive and universally accessible
inflammatory biomarkers capable of complementing conventional
thyroid-specific parameters may improve risk stratification, facilitate
longitudinal monitoring, and potentially aid in identifying patients at
increased risk of extra-thyroidal involvement.

Given the central role of immune dysregulation and systemic
inflammation in the pathophysiology of Graves' disease, comprehensive
evaluation of CBC-derived inflammatory biomarkers may provide
additional insights into disease activity beyond conventional thyroid
function tests. Such biomarkers could represent practical, low-cost
tools for monitoring inflammatory burden and supporting clinical
decision-making in everyday endocrinology practice.

Therefore, the present study aimed to investigate hematological
inflammatory parameters, including NLR, PLR, and SII, in patients with
Graves' disease and to evaluate their associations with thyroid hormone
levels, disease activity, and clinical characteristics. We hypothesized
that these readily obtainable inflammatory indices reflect systemic
immune activation and may serve as complementary biomarkers
for assessing disease severity and clinical manifestations in Graves'
disease.

Materials and Methods

Study Design and Ethical Approval

This retrospective observational study was conducted at the
Department of Endocrinology and Metabolic Diseases, Gaziantep City
Hospital, Turkiye.

Study Population

Patients aged 18 years or older who were diagnosed with Graves' disease
and followed at the outpatient Endocrinology Clinic of Gaziantep City
Hospital between November 2023 and July 2026 were retrospectively
screened for eligibility. The diagnosis of Graves' disease was established
according to the American Thyroid Association (ATA) Guidelines based
on the presence of biochemical hyperthyroidism, suppressed serum
thyroid-stimulating hormone (TSH), elevated free thyroxine (FT4) and/
or free triiodothyronine (FT3) concentrations, positive TSH receptor
antibody (TRAD) levels, and compatible clinical findings!

Patients were eligible for inclusion if they were aged 18 years or older,
had a confirmed diagnosis of Graves' disease based on established
clinical and biochemical criteria, and had complete clinical records,
including complete blood count (CBC), thyraid function tests, and TSH
receptor antibody (TRAb) measurements available both at the time of
diagnosis and at the final follow-up visit.

Patients were excluded if they had evidence of active infection at the
time of blood sampling, hematological disorders, current or previous
malignancy, chronic inflammatory or autoimmune diseases other
than Graves' disease, chronic liver failure, end-stage renal disease,
pregnancy, or incomplete clinical or laboratory data that could affect
the assessment of hematological inflammatory parameters.

Data Collection

Clinical and laboratory data were retrospectively extracted from the
electronic medical records and the hospital information management
system by the investigators using a standardized data collection
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form. Demographic characteristics, including age, sex, and smoking
status, were recorded. Clinical variables included the date of
diagnosis, duration of follow-up, treatment modality (antithyroid drugs,
radioactive iodine therapy, or thyroidectomy), and the presence of
Graves' orbitopathy. Laboratory parameters obtained both at the time
of diagnosis and at the final follow-up visit included serum thyroid-
stimulating hormone (TSH), free thyroxine (FT4), free triiodothyronine
(FT3), TSH receptor antibody (TRAb), and complete blood count (CBC)
parameters, including neutrophil, lymphocyte, and platelet counts.
All laboratory analyses were performed in the central laboratory of
Gaziantep City Hospital using standardized automated analyzers in
accordance with the manufacturer's instructions and routine internal
and external quality-control procedures. Only anonymized data were
analyzed, and all patient identifiers were removed before statistical
evaluation to ensure data confidentiality.

Serum TRAb concentrations were measured using a third-generation
competitive electrochemiluminescence immunoassay (Elecsys Anti-
TSHR, Roche Diagnostics GmbH, Mannheim, Germany) on a cobas e
immunoassay analyzer. The analytical measuring range was 0.8-40
IU/L. According to the manufacturer's recommended reference
threshold, values <1.75 IU/L were considered negative, whereas values
>1.75 IU/L were classified as positive.

Hematological Inflammatory Indices

The neutrophil-to-lymphocyte ratio (NLR) was calculated as the
absolute neutrophil count divided by the absolute lymphocyte count.
The platelet-to-lymphocyte ratio (PLR) was calculated as the platelet
count divided by the absolute lymphocyte count. The systemic
immune-inflammation index (SIl) was calculated as platelet count x
neutrophil count / lymphocyte count. The neutrophil-to-platelet ratio
(NPR] was calculated as the absolute neutrophil count divided by the
platelet count. The monocyte-to-high-density lipoprotein cholesterol
ratio (MHR) was calculated as the absolute monocyte count divided
by the serum high-density lipoprotein (HDL) cholesterol concentration.
The C-reactive protein-to-albumin ratio (CAR) was calculated as serum
C-reactive protein (CRP) divided by serum albumin concentration. All
indices were calculated using baseline laboratory measurements
obtained at the time of diagnosis.

Follow-up and Treatment Protocol

Follow-up duration was defined as the interval between the baseline
assessment at diagnosis and the final visit at which paired clinical
and laboratory measurements were available. The median follow-
up duration was 18 months (IQR, 12-24 months; range, 6-32 months).
Among the 148 patients who received antithyroid drug therapy, the
median treatment duration was 16 months (IQR, 10-22 months; range,
4-30 months).

Treatment decisions were made by the attending endocrinologist as
part of routine clinical care according to the biochemical severity
of hyperthyroidism, clinical findings, treatment response, and drug
tolerability. Methimazole was the preferred first-line treatment and
was administered to 141 patients (87.6%). The initial methimazole dose
ranged from 5 to 30 mg/day and was subsequently titrated according
to serum FT3 and FT4 concentrations; after biochemical control was
achieved, maintenance doses generally ranged from 2.5 to 10 mg/day.
Propylthiouracil was administered to seven patients (4.3%) in whom
methimazole was contraindicated or not tolerated, at an initial dose of
100-300 mg/day in two or three divided doses.

Thyroid function tests were generally reassessed 4-6 weeks after

treatment initiation or a dose adjustment and every 8-12 weeks after
biochemical stabilization. At the final assessment, 10 patients (6.2%)
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were not receiving antithyroid medication: seven were in biochemical
remission, two had previously undergone radioactive iodine therapy,
and one had undergone thyroidectomy. Three patients (1.9%) with mild
symptoms were receiving symptomatic beta-blocker therapy alone
(propranolol, 20-40 mg/day). Overall, four patients (2.5%) had a history
of radioactive iodine therapy, and one patient (0.6%) had undergone
thyroidectomy. Because this was a retrospective observational study,
treatment was not assigned according to a study-specific protocol.

Study Outcomes

The primary outcome of this study was to evaluate the association
between complete blood count (CBC)-derived inflammatory indices,
including the neutrophil-to-lymphocyte ratio  (NLR), platelet-to-
lymphocyte ratio (PLR), systemic immune-inflammation index (Sll),
neutrophil-to-platelet ratio (NPR), monocyte-to-high-density lipoprotein
cholesterol ratio (MHR), and C-reactive protein-to-albumin ratio (CAR),
and disease activity in patients with Graves' disease. Disease activity
was assessed using thyroid function parameters (serum TSH, free
triiodothyronine [FT3], and free thyroxine [FT4]) together with thyroid
autoimmunity markers, including thyrotropin receptor antibody (TRAD).

The secondary outcomes were to investigate the relationships between
hematological inflammatory indices and thyroid autoimmunity, Graves'
orbitopathy, treatment modality, and other clinical characteristics.
Correlation analyses were performed to evaluate the associations
between inflammatory indices and thyroid function, inflammatory
markers, and thyroid autoantibody levels. Receiver operating
characteristic (ROC) curve analyses were performed to assess the
diagnostic performance of baseline inflammatory indices for predicting
persistent TRAb positivity at final follow-up.

Ethical Approval

The study protocol was reviewed and approved by the Gaziantep
City Hospital Non-Interventional Clinical Research Ethics Committee
(Approval No. 579/2026; Approval Date: 06 June 2026). Because of the
retrospective nature of the study and the use of anonymized clinical
data, the requirement for written informed consent was waived by the
Ethics Committee. All study procedures were conducted in accordance
with the ethical principles of the Declaration of Helsinki and its
subsequent amendments.

Statistical Analysis

Al statistical analyses were performed using IBM SPSS Statistics
version 270 (IBM Corp., Armonk, NY, USA) and R software (version 4.3.0;
R Foundation for Statistical Computing, Vienna, Austria). Continuous
variables were assessed for normality using visual inspection of
histograms and Q-Q plots together with the Shapiro-Wilk test. Normally
distributed variables are presented as mean + standard deviation (SD),
whereas non-normally distributed variables are expressed as median
and interquartile range (IQR). Categorical variables are presented as
frequencies and percentages. Comparisons between baseline and final
follow-up measurements were performed using the paired-samples
t-test for normally distributed variables and the Wilcoxon signed-
rank test for non-normally distributed variables. Categorical variables
were compared using the chi-square test or Fisher's exact test, as
appropriate.

Correlations between hematological inflammatory indices and clinical
or laboratory parameters were evaluated using Spearman's rank
correlation coefficient (p). To reduce the risk of false-positive findings
resulting from multiple comparisons, p values obtained from the
correlation analyses were adjusted using the Benjamini-Hochberg
false discovery rate (FDR) procedure.

Receiver operating characteristic (ROC) curve analyses were performed
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to evaluate the diagnostic performance of baseline hematological
inflammatory indices for predicting thyrotropin receptor antibody
(TRAb) positivity. The area under the receiver operating characteristic
curve [AUC) and corresponding 95% confidence intervals (Cls) were
calculated for each inflammatory index. Optimal cut-off values were
determined using the maximum Youden index. Sensitivity, specificity,
positive predictive value (PPV), and negative predictive value (NPV)
were calculated for the optimal cut-off values. Pairwise comparisons
of ROC curves were performed using the DeLong method.

Multivariable logistic regression analysis was performed to identify
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baseline factors independently associated with persistent TRAb
positivity at the final follow-up visit. TRAb status at final follow-up was
coded as a binary dependent variable (positive vs. negative according
to the prespecified assay cut-off). Age and sex were retained in the
model a priori because of their established clinical relevance. Each
baseline hematological inflammatory index was initially evaluated in
a univariable logistic regression analysis, and indices associated with
the outcome at P < 10 were considered candidate predictors for the
multivariable model.

Before model construction, pairwise correlations and variance
inflation factors (VIFs) were examined to assess multicollinearity
among the candidate predictors. A VIF =5 was considered indicative
of potentially important multicollinearity. When substantial collinearity
was identified, the variable with the stronger clinical rationale and
greater univariable discriminatory performance was preferentially
retained. Eligible predictors were entered simultaneously using the
forced-entry method; no automated stepwise selection procedure was
used. Model complexity was restricted to maintain at least 10 outcome
events per estimated predictor. Model calibration was assessed using
the Hosmer-Lemeshow goodness-of-fit test, and discrimination was
evaluated using the area under the ROC curve. Adjusted odds ratios
(ORs) with 95% confidence intervals (Cls) were reported. Al statistical
tests were two-sided, and a p value <0.05 was considered statistically
significant.

Table 1. Baseline demographic and clinical characteristics of patients
with Graves' disease (n = 161).

Variables Total [n = 161)
Age (years), mean + SD §9+121
Female sex, n (%) 131(814)
Male sex, n (%) 30 (18.6)
Current smokers, n (%) 37(23.0)
Non-smokers, n (%) 124 (77.0)
Clinical characteristics

Established Graves' disease (follow-up), n (%) 144 (894)
Newly diagnosed Graves' disease, n (%) 9 (5.6)
Graves' disease in remission, n (%) 7(4.3)
Recurrent disease, n (%) 1(0.6)
Patients with recurrence (NUKS), n (%) 1(0.6)
Positive family history, n (%) 16 (9.9)
Presence of comorbidity, n (%) 17 (10.6)
Treatment characteristics

Methimazole therapy, n (%) 141 (876)
Propylthiouracil therapy, n (%) 7(43)
No antithyroid medication, n (%) 10 (6.2)
Other medications, n (%) 3(19)
Statin therapy, n (%) 4(25)
Previous radioactive iodine therapy, n (%) 4(25)
Previous thyroidectomy, n (%) 1(0.6)
Ultrasonographic findings

Thyroid ultrasonography available, n (%) 160 (994)
Follow-up duration (months), median (IQR) 18 (12-24)
Antithyroid treatment duration (months), median (IQR)* 16 (10-22)

Data are presented as mean + standard deviation (SD) or number (percentage), as appropriate.
*Calculated among the 148 patients who received methimazole or propylthiouracil.
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Reporting Guidelines

The study was designed in accordance with the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) statement
for observational studies.

Results

Study flow diagram of patient selection and study population are shown
in Figure 1. A total of 184 electronic medical records were screened,
and all patients were assessed for eligibility. Twenty-three patients
were excluded because of incomplete paired clinical or laboratory
data (n = 9), active infection (n = 5), other chronic inflammatory or
autoimmune diseases (n = 4), malignancy or hematological disorders
(n = 3), or pregnancy or severe hepatic/renal disease (n = 2). The final
study cohort consisted of 161 eligible patients who underwent baseline
demographic, clinical, laboratory, and hematological inflammatory
index assessments (Figure 1).

Baseline demographic and clinical characteristics of patients with
Graves' disease are shown in Table 1. The mean age was 41.9 + 121 years,
and 131 patients (814%) were female. Thirty-seven patients (23.0%) were
current smokers, whereas 124 (77.0%) were non-smokers. Regarding
disease status, 144 patients (894%) had established Graves' disease
during follow-up, 9 (5.6%) were newly diagnosed, 7 (4.3%) were in
remission, and 1 (0.6%) had recurrent disease. A positive family history
was present in 16 patients (9.9%), and comorbidities were reported in
17 (10.6%). Methimazole was the most frequently prescribed antithyroid
medication (876%), followed by propylthiouracil (4.3%), while 6.2% of
patients were not receiving antithyroid therapy. Previous radioactive
jodine treatment and thyroidectomy were reported in 2.5% and 0.6% of
patients, respectively. Thyroid ultrasonography data were available for
160 patients (994%) (Table 1).

Changes in thyroid function tests and routine laboratory parameters
between diagnosis and final follow-up are shown in Table 2. Serum
TSH levels increased significantly from 0.02 (IQR, 0.01-0.06) mIU/L at
diagnosis to 0.62 (IQR, 0.23-1.65) mIU/L at final follow-up (P < .001),
whereas FT3 levels decreased from 490 (IQR, 3.01-798) to 3.70 (IQR,
2.83-4.84) pg/mL (P < .001). Serum FT4 concentrations did not differ
significantly between diagnasis and final follow-up (148 [IQR, 112-2.06]
vs. 139 [IQR, 1.08-176] ng/dL, P = 492). The FT3/FT4 ratio decreased
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Figure 3. ROC curves for prediction of TRAD positivity.
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significantly from 342 £ 1.08 to 2.79 + 0.81 (P < .001). Serum TRAb levels
decreased from 5.25 (IQR, 2.80-9.85) to 243 (1QR, 1.22-4.86) IU/L (P<.001),
anti-TPO levels decreased from 267 (IQR, 153-467) to 163 (IQR, 87-303) 1U/
mL (P < .001), and anti-Tg levels decreased from 59 (IQR, 22-158) to 43
(IQR, 17-107) 1U/mL (P = .003). Among the hematological parameters,
neutrophil and platelet counts increased significantly (P = .048 and P
= 016, respectively), whereas no significant changes were observed in
lymphocyte counts (248 [IQR, 2.04-2.98] vs. 2.54 [IQR, 2.08-3.06] x 10°/L,
P=331) or monocyte counts (0.61[IQR, 048-0.76] vs. 0.59 [IQR, 046-0.73]
x10%/L, P=229). C-reactive protein, albumin, and HDL cholesterol levels
did not differ significantly between the two assessments (Table 2).

Changes in hematological inflammatory indices between diagnosis
and follow-up are shown in Table 3. The neutrophil-to-lymphocyte ratio
(NLR) decreased from 2.38 + 0.86 to 1.89 = 0.63 (P < .001). The platelet-
to-lymphocyte ratio (PLR) declined from 141.8 + 38.6 t0 129.5 + 34.2 (P =
.003), while the systemic immune-inflammation index (SlI) decreased
from 604 + 221 to 487 = 176 (P < .001). Significant reductions were also
observed in the neutrophil-to-platelet ratio (NPR) (0.0198 + 0.0056 vs.
0.0162 + 0.0048, P < .001), monocyte-to-HDL cholesterol ratio (MHR)
(0.0127 = 0.0041 vs. 0.0104 + 0.0033, P < .001), and C-reactive protein-to-
albumin ratio (CAR) (0.094 = 0.036 vs. 0.066 + 0.027, P < .001) (Table 3).

Correlations between hematological inflammatory indices and thyroid
function and autoimmunity parameters at diagnosis are shown in
Supplementary Table 1. Among the thyroid autoimmunity markers, Anti-
TPO levels were negatively correlated with NLR (p = -0186, P = .020)
and NPR (p = -0164, P = .042). Anti-Tg levels demonstrated negative
correlations with NLR (p = -0.271, P <.001), SII (p = -0.274, P < .001), and
NPR (p = -0.204, P = .012). MHR was positively correlated with CRP (p =
0.236, P=.036), whereas CAR showed a very strong positive correlation
with CRP (p = 0.989, P < .001). PLR was positively correlated with HDL
cholesterol (p = 0183, P=020) (Supplementary Table 1, Figure 2).

Diagnostic performance of baseline hematological inflammatory
indices for predicting persistent TRAb positivity at final follow-up is
shown in Supplementary Table 2. The AUC values ranged from 0.653
(95% Cl, 0.570-0.736) for PLR to 0.821 (95% Cl, 0.756-0.886) for CAR.
CAR showed the highest sensitivity (79.5%), specificity (75.8%), positive
predictive value (84.0%), and negative predictive value (69.5%) at an
optimal cut-off value of >0.089. MHR and NPR also demonstrated good
diagnostic performance, with AUCs of 0.782 (95% CI, 0.713-0.851) and
0.764 (95% Cl, 0.692-0.836), respectively. NLR yielded an AUC of 0.718
(95% CI, 0.640-0.796), whereas PLR had the lowest AUC (0.653; 95% CI,
0.570-0.736) (Supplementary Table 2, Figure 3).

Multivariable logistic regression analysis for predictors of TRAb
positivity is shown in Supplementary Table 3. Age (adjusted OR = 0.98,
95% Cl: 0.95-1.01, P = 176), female sex (adjusted OR = 1.21, 95% Cl: 0.64-
2.30, P=558), NLR (adjusted OR = 1.28, 95% Cl: 0.99-1.67. P=061), PLR (P
= 287), and Sl (P = 142) were not independently associated with TRAD
positivity. In contrast, NPR (adjusted OR = 1.69, 95% Cl: 1.09-2.64, P=025),
MHR (adjusted OR = 2.03, 95% Cl: 1.26-3.28, P=".004] and CAR (adjusted
OR = 2.58, 95% Cl: 1.56-4.28, P < .001) were independently associated
with TRAb pasitivity. The final multivariable model had a -2 log likelihood
of 1654, a Nagelkerke R® of 0.34, a non-significant Hosmer-Lemeshow
goodness-of-fit test (P = .58), an overall classification accuracy of
79.6%, and an area under the receiver operating characteristic curve
(AUC) of 0.852 (95% Cl: 0.790-0.914) (Supplementary Table 3).

Discussion
The present study demonstrated that hematological and inflammation-
related indices changed significantly during follow-up in patients with
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Graves' disease. NLR, PLR, SII, NPR, MHR, and CAR were all lower at the
final assessment than at diagnosis, in parallel with the improvement
in TSH, FT3, FT3/FT4 ratio, TRAb, anti-TPQ, and anti-Tg levels. Among the
evaluated indices, CAR showed the strongest relationship and provided
the highest discriminatory performance for TRAb positivity. MHR and
NPR also showed relatively favorable diagnostic performance, whereas
PLR and SII had weaker discriminatory ability. In the multivariable
analyses, NPR, CAR and MHR remained independently associated with
TRAb positivity. These findings suggest that indices incorporating
conventional inflammatory, metabolic, and hematological components
may reflect different dimensions of Graves' disease-associated
immune activation.

Turan et al. evaluated NLR and hematological parameters in patients
with Graves' disease and reported differences between untreated and
euthyroid patients, supporting an association between thyroid status
and peripheral blood-cell distributions.? In contrast, Dagdeviren et al.
found that patients with Graves' disease had lower neutrophil counts
and lower NLR values than patients with non-Graves hyperthyroidism
and healthy controls; they also observed negative correlations
between FT3 and both neutrophil count and NLR® The decline in NLR
observed during follow-up in our cohort differs from studies reporting
normalization or an increase in NLR after treatment. This discrepancy
may be related to differences in baseline disease severity, treatment
duration, leukocyte responses, inclusion criteria, and whether
comparisons were made longitudinally within the same patients or
cross-sectionally between untreated and euthyroid groups.

Cindoglu et al. reported increases in leukocyte, neutrophil, lymphaocyte,
and NLR values after antithyroid treatment, while changes in
platelet count and PLR were less consistent® Gokge et al. similarly
observed changes in the hematological profile after antithyroid
therapy and reported a reduction in monocyte-to-lymphocyte ratio
following treatment? These observations indicate that correction
of thyrotoxicosis may modify several blood-cell lineages, although
the direction and magnitude of change may vary among individual
parameters. In our study, the concurrent reduction in multiple
composite indices suggests that treatment-related changes were not
limited to a single leukocyte population but involved the overall balance
among neutrophils, lymphocytes, maonocytes, platelets, CRP. albumin,
and HDL cholesterol.

Gékduman et al. investigated 162 patients with Graves' disease at
diagnosis and after six months of antithyroid treatment and found
significant reductions in PLR, MLR, FT3, and FT4 together with weak
positive correlations of TSI with monocyte count and MLR? They did
not identify a sufficiently reliable CBC-derived marker to replace
TRADb, although monocyte-related parameters appeared to provide
information on disease activation. Our findings partly support their
results because monocyte-related inflammation was also relevant
in the present cohort. The inclusion of HDL cholesteral in MHR may
provide additional information by combining monocyte-mediated
inflammatory activity with the anti-inflammatory and antioxidant
properties associated with HDL.

Zeng et al. analyzed 6,963 adults from the NHANES database and
reported that MHR was independently associated with several thyroid-
function measures, including positive associations with FT3, total T3,
and total T4 and an inverse association with TPOAb in categorical
analyses.”? Although their population was not restricted to Graves'
disease, their results support a biological link between monocyte-HDL
balance and thyroid physiology. In our study, MHR was not significantly
correlated with FT3 or FT4, but it was independently predicted TRAb
positivity. This difference may indicate that MHR is more closely
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related to autoimmune activity than to circulating thyroid-hormone
concentrations in patients with established Graves' disease.

Szydetko et al. examined NLR, MLR, and PLR in a large cohort of patients
with Graves' disease with and without orbitopathy and found that these
indices were influenced by clinical characteristics, including orbitopathy
and smoking status™ Their findings emphasize that hematological
inflammatory markers in Graves' disease may reflect not only thyroid
dysfunction but also the systemic and extrathyroidal inflammatory
phenotype. In our cohort, the absence of significant correlations
between NLR and TRAb or thyroid-hormone concentrations indicates
that NLR should not be interpreted as a direct substitute for disease-
specific biochemical tests.

Abounoori et al. prospectively compared novel blood-derived
immunoinflammatory markers among patients with Graves'
orbitopathy, Graves' disease without orbitopathy, and healthy
controls and demonstrated that composite hematological indices
differed according to the presence and activity of orbitopathy®
These observations are consistent with the concept that systemic
inflammatory indices may capture clinically relevantimmune activation

Table 2. Changes in thyroid function tests and routine laboratory
parameters between diagnosis and follow-up.

Variable At diagnosis  Final follow-up P value
TSH (mIu/L) 0.02 (0.01-0.06) 0.62 (0.23-1.65) <0.001
FT3 (pg/mL) 490 (3.01-798) 370 (2.83-4.84) <0.001
FT4 (ng/dL) 148 (112-2.06) 139 (1.08-176) 0492
FT3/FT4 ratio 342 +1.08 279081  <0.001
TRAb (1U/L) 5.25(2.80-9.85) 243 (1.22-4.86) <0.001
Anti-TPO (IU/mL) 267 (153-467) 163 (87-303)  <0.001
Anti-Tg (IU/mL) 59 (22-158) 43 (17-107) 0.003
Neutrophil count (x10°/L) 471185 5.03 + 216 0.048
Lymphocytecount (x10°/L) 248 (2.04-2.98) 2.54 (2.08-3.06) 0.331
Monocyte count (x10°/L)  0.61(048-0.76) 0.59 (046-0.73)  0.229
Platelet count (x10°/L) 29499 £ 8264 30318 £ 8463  0.016
C-reactive protein (mg/L)  4.26 = 4.69 L4k + 755 0.832
Albumin (g/L) 42,62 +5.01 4298+513 0315
HDL cholesterol (mg/dL) 5234 +1357 53211662 0421

Data are presented as mean + standard deviation or median (interquartile range), according to
their distribution. Non-normally distributed paired variables were compared using the Wilcoxon
signed-rank test.

Table 3. Changes in hematological inflammatory indices between
diagnosis and follow-up.

Variable At diagnosis  Final follow-up P value
Neutrophil-to-lymphocyte .
ratio (NLR) 2.38 + (.86 1.89 + 0.63 .001
Platelet-to-ymphooyte 116,385 1952342 003
ratio (PLR)

Systemic immune-

inflammation index (SI1) 604+ 221 487+ 176 o0
Neutrophil-to-platelet .
ratio [NPR) 0.0198 £ 0.05 0.0162 + 0.048 .001
Monocyte-to-HDL

cholesterol ratio (MHR) 0.0127 + 0.04  0.0104 + 0.033  <.001
CRP-to-albuminratio o090, 0036 008620027  <.001

(CAR)

Data are presented as mean + standard deviation. P values were calculated using paired-
samples t-test or Wilcoxon signed-rank test according to data distribution.
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beyond conventional thyroid-function tests. Nevertheless, differences
between patients with isolated thyroid disease and those with active
orhital inflammation should be considered when comparing cut-off
values and diagnostic performance across studies.

Dasgupta et al. reported that PLR was significantly lower in patients with
Graves' disease than in patients with subacute thyroiditis and euthyroid
controls. They proposed a PLR cut-off of 704 for differentiating
Graves' disease from subacute thyroiditis, with 86% sensitivity and 74%
specificity® Their study addressed etiological discrimination among
patients with thyrotoxicosis, whereas our analysis assessed the ability
of PLR to identify TRAb positivity within a Graves' disease cohort. In
our study, PLR had the lowest AUC among the evaluated indices for
TRAD positivity. Therefore, PLR may have greater value in differentiating
causes of thyrotoxicosis than in estimating the intensity of TSH-
receptor-directed autoimmunity among patients already diagnosed
with Graves' disease.

The reduction in SlI during follow-up observed in our study supports
a decline in combined neutrophil-, lymphocyte-, and platelet-related
inflammatory activity. However, SlI showed only modest diagnostic
performance and did not remain independently associated with TRAb
positivity after multivariable adjustment. Gokduman et al. did not
observe a significant overall change in Sll after six months of treatment,
although they reported a reduction in the pan-immune-inflammation
value in patients with severe disease.”’ The difference from our findings
may be attributable to the longer and heterogeneous follow-up period
in our cohort, variation in disease severity, and differences in the relative
changes in neutrophil, lymphocyte, and platelet counts. Because Sl is
mathematically dependent on all three components, proportional or
opposing changes in these cell populations may substantially alter its
performance.

CAR provided the strongest diagnostic performance in the present
study, with AUC values of 0.821 for TRAb positivity. It also remained
the strongest independent predictor in both multivariable models.
CAR integrates CRP. an acute-phase reactant reflecting inflammatory
signaling, with albumin, which may decline in the presence of systemic
inflammation and altered nutritional or hepatic status. The near-
perfect correlation between CAR and CRP in our dataset indicates
that CAR was predominantly driven by CRP variation, because albumin
concentrations remained relatively stable. Accordingly, the superior
performance of CAR should not automatically be interpreted as
evidence that it is biologically superior to CRP alone. Direct comparison
of CAR with CRP using paired ROC analysis would be useful before
recommending CAR as an incremental biomarker.

The positive associations of CAR, MHR, NPR, SII, and NLR with TRAb. This
may reflect differences between the assays. TRAb-binding assays may
detect stimulating, blocking, and neutral antibodies. Consequently,
systemic inflammatory activation may be more closely aligned with
the biologically stimulating antibody component than with total TSH-
receptor antibody binding. The absence of meaningful associations
with TSH, FT3, and FT4 further suggests that these inflammatory indices
may reflect autoimmune and inflammatory activity rather than the
biochemical severity of thyrotoxicosis itself.

The negative correlations between anti-Tg and both NLR and Sl
which remained significant after false-discovery-rate correction,
were unexpected. Anti-TPO and anti-Tg represent thyroid-directed
autoimmunity but are not specific measures of TSH-receptor
stimulation or Graves' disease activity. Therefore, higher concentrations
of these antibodies may not parallel the neutrophil-, lymphocyte-, and
platelet-mediated inflammatory response. Similar inverse associations
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have also been reported between MHR and TPOAb in population-based
data.? These inverse relationships should be considered exploratory
and require confirmation in prospectively characterized cohorts.

The ROC findings should be interpreted as evidence of association and
discrimination rather than proof that the evaluated indices can replace
TRAD. CAR, MHR, and NPR are influenced by infection, obesity, smoking,
dyslipidemia, medication use, nutritional status, cardiovascular disease,
and other inflammatory conditions. Although several major confounding
diseases were excluded, residual confounding cannot be eliminated
in a retrospective study. In addition, cut-off values derived from the
same cohort in which performance was evaluated are susceptible to
optimism and require external validation. The relatively high PPV and
lower NPV values were also influenced by the prevalence of antibody
positivity in the study population and may differ considerably in other
clinical settings.

Limitations

The principal strengths of this study include the paired assessment
of patients at diagnosis and follow-up, simultaneous evaluation
of several CBC- and biochemistry-derived indices, examination of
both TRAD, correction for multiple correlation testing, and the use
of ROC and multivariable regression analyses. Nevertheless, several
limitations should be acknowledged. The retrospective and single-
center design limits causal inference and generalizability. Treatment
duration and treatment exposure were heterogeneous, and the
cohort consisted predominantly of patients receiving methimazole.
Potential determinants of inflammatory indices, including body mass
index, disease duration, medication dose, thyroid volume, orbitopathy
activity, lipid-lowering therapy, and subclinical infections, could not be
fully controlled. The study did not include healthy controls, patients
with non-Graves hyperthyroidism, or an external validation cohort.
Furthermore, the positivity thresholds and analytical characteristics
of the TRAb assays should be reported in detail because diagnostic
performance may vary between assay platforms.

Conclusion

In conclusion, the present findings indicate that Graves' disease
is accompanied by measurable alterations in routinely available
hematological and biochemical inflammatory indices. NPR, CAR and
MHR demonstrated the most consistent associations with TRAb
positivity. These indices may be useful as complementary measures
of systemic inflammatory and autoimmune activity, particularly when
interpreted together with thyroid-function tests and TSH-receptor
antibodies. However, they should not replace TRAD testing until their
incremental value, reproducibility, and externally validated cut-off
values have been established.
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