Original research

UDC 616.441-008.61-085.849.2:546.15]:616-008.9-037
DOI: 10.14739/2310-1210.2025.6.326374

Predictive factors for metabolic profile alterations following
radioactive iodine treatment in hyperthyroidism

A. E. Mammadova

Azerbaijan Medical University, Baku

Keywords:

iodine radioisotopes,
Graves’ disease, toxic
adenoma, insulin
resistance, leptin,
HOMA-IR, TyG index,
metabolic predictors,
TSH suppression.

Zaporozhye
Medical Journal.
2025;27(6):478-482

Radioactive iodine (RAI) therapy is an effective treatment for hyperthyroidism, particularly Graves’ disease and toxic adenoma.
Although its efficacy in normalizing thyroid hormone levels is well-established, predictive biomarkers for long-term metabolic
effects remain underexplored.

Aim. To examine post-RAI metabolic changes and assess the predictive value of baseline TSH and metabolic indices for metabolic
risk in patients with Graves’ disease and toxic adenoma.

Materials and methods. This prospective study included 83 patients (Graves’ disease, n = 62; toxic adenoma, n = 21), aged 25-65
years, who underwent RAI therapy. Participants were stratified by pre-treatment TSH levels: Group A (€0.01 mIU/L) and Group B
(>0.01 mIU/L). Metabolic parameters (glucose, insulin, HOMA-IR, leptin, TyG index, lipid profile, and BMI) were assessed before and
12 months after treatment. Statistical analyses included Mann-Whitney U and Wilcoxon signed-rank test, and ROC curve analysis.

Results. Group A, with suppressed baseline TSH, exhibited significantly higher post-treatment insulin resistance (HOMA-IR: 4.77 vs.
3.09, p<0.001), fasting insulin (p < 0.001), TyG index (p = 0.005), and fasting glucose (p = 0.006), despite comparable BMI between
groups. Leptin levels were higher in Group A but not statistically significant. Wilcoxon tests revealed significant improvements in
hormonal and metabolic parameters in both groups. ROC analysis identified LDL (AUC = 0.662, p = 0.027) and HDL (AUC = 0.665,
p = 0.024) as significant predictors of metabolic outcomes, while leptin showed borderline significance (AUC = 0.631, p = 0.074).

Conclusions. RAI treatment in hyperthyroid patients is associated with substantial metabolic changes, particularly in those with
suppressed pre-treatment TSH levels. Insulin resistance and adipokine dysregulation are more pronounced in this subgroup, with
LDL and HDL values identified as significant post-RAI metabolic predictors. These findings underscore the need for metabolic risk
stratification and targeted follow-up in patients undergoing RAI therapy.
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dakTopu NporHo3yBaHHA 3MiH MeTaboAiuHOro NpodiAto nicas AikyBaHHA
paAioaKTUBHMM WOAOM NPH rinepTupeosi

A. E. MammapoBa

PagionioaTtepanis — ecpekTMBHWIA MeTOZ NikyBaHHS rinepTupeosy, 3okpema npu xBopobi [peiBca Ta TOKCUYHIN ageHoMmi. Xouva ii
e(EKTUBHICTb Yy HOpManisaLlii PiBHIB TMPEOIAHWX FOPMOHIB MiATBEPMIKEHO, MPOTHOCTUYHI BioMapkepy TpMBanUX MeTabomiuHmNX
edpeKTiB [OCi BUBYEHO HEAOCTATHBO.

Merta po6otu — focnigntv metabonivHi 3MiHW nicns pagionoaTepanii, OLiHUTIA NPOTHOCTUYHE 3HAYEHHS! BUXIBHOTO PIBHS TUpe-
oTponHoro ropmoHa (TTI) Ta MeTaboniuHmX iHAEKCIB LLOAO METABOMIYHOTO PU3MKY Y NaLieHTIB i3 XBOpoOoto MpeliBca Ta TOKCUYHO
afileHOMOI0.

Marepianu i metoau. [lo NnpocnekTMBHOTO JocnimkeHHs 3anyyeHo 83 nauieHTu (62 ocobu 3 xBopoboto perisca, 21 xBopwii i3
TOKCWYHOIO aleHOMOt0) BikoM 25—-65 pokiB, siki OTpUMYBanu pagionoarepanito. YyacHukis ctpatudikysany 3a pisHem TTI o
nikyBaHHs: rpyna A (0,01 mMO/n) i rpyna B (>0,01 MMO/n). MeTaboniuHi nokasHukw (rmtokoaa, iHcyniH, HOMA-IR, nentuH,
TPUrNILEePUAHO-FMIOKO3HMIA IHAEKC, NiNiAHWIA Npodinb Ta iHAEKC Macy Tina) BUB4anu 4o Ta Yepes 12 micsauis nicns nikysaHHs. Ans
CTaTUCTUYHOIO aHani3y BUKopWCTaHo kputepii MaHHa-BiTHi Ta BinkokcoHa, BukoHaHo ROC-aHania.

PesyabTatu. Y rpyni A (3i 3HKeHUM BuXigHUM piBHem TTT) nicns nikyBaHHs BCTAHOBMEHO AOCTOBIPHE MOCUIEHHS iHCYNiHOpEe3nc-
TeHTHocTi (HOMA-IR — 4,77 npotu 3,09, p < 0,001), nigBuwieHHs piBHS iHCyniHy HaTwwe (p < 0,001), TpurniLepUaHO-TOKO3HOTO
iHoekcy (p = 0,005) Ta piBHs rmtokoan Hatwle (p = 0,006), nonpu 3icTaBHi 3Ha4eHHs iHOEKCY MacK Tina B 060x rpynax. PiBeHb
NenTuHy BALWIA y rpyni A, ane pisHnLS He [oCArMa PiBHA CTAaTUCTUYHOI 3HadyLocTi. 3a TecToM BinkokcoHa B 060X rpynax BcTa-
HOBMEHO 3HauyLLe MOKPALLEHHS FOPMOHaNbHMX | MeTabonivyHMx nokasHuki. Y pesynstati ROC-aHani3y piBHi NinonpoTeiHiB HU3bKOI
wineHocTi (AUC = 0,662, p = 0,027) i ninonpoteitis Bucokoi winbHocTi (AUC = 0,665, p = 0,024) oLiHeHO Sk 3HaYyLLi npeankTopu
MeTaboniyHNx HacniakKie, a piBeHb NENTUHY MaB rpaHnyHy 3HavyLlictb (AUC = 0,631, p = 0,074).

BucHoBku. PapioiiogTepanisi y nauieHTiB i3 rinepTupeo3om xapakTepuayeTbest BUpaXeHUMM MeTabomniyHMMK 3MiHaMmm1, 0cobnmeo
konu piseHb TTI B0 NikyBaHHS 3HVKEHWIA. Y Uil nigrpyni GinbLu BUpaXeHi iHCYNIHOPE3WUCTEHTHICTb | AMCPEryNALS aaunokiHiB, a
PiBHi NiNONPOTEIHIB HU3bKOI LLNBHOCTI i NINOMPOTETHIB BUCOKOI LLINIEHOCTI € 3HAYYLLMMIM NPOrHOCTUYHUMI Mapkepami MeTaboniuHnX
Hacnizkie nicns pagiovioatepanii. Pesynbtati LOCNIMKEHHS NiATBEPLXKYIOTb HEOBXIHICTL CTpaTUdikaLii MeTaboniuHoro puanky
Ta LinbOBOro CrOCTEPEXEHHS B NALIIEHTIB, Siki OTPUMYIOTb pagionoaTepanito.

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license

https://zmj.zsmu.edu.ua Zaporozhye Medical Journal. Volume 27. No. 6, November - December 2025


https://zmj.zsmu.edu.ua/
https://doi.org/10.14739/2310-1210.2025.6.326374
https://orcid.org/0009-0006-3282-1833
https://creativecommons.org/licenses/by/4.0/

OpwuriHaAbHI AOCAIAXKEHHS

The two most common causes of hyperthyroidism are
Graves' disease, characterized by autoimmune activation
of the thyroid gland, and toxic adenoma, distinguished by
autonomously functioning nodules. For both conditions,
radioactive iodine (RAI) therapy continues to be a popular,
successful, and economical therapeutic option, especially
when definitive therapy is needed to achieve stable thyroid
function or induce hypothyroidism [1].

The long-term metabolic effects of RAl therapy, particu-
larly with regard to insulin sensitivity, adipokine dynamics,
and glucose and lipid metabolism, have drawn increasing
interest in addition to the achievement of euthyroidism.
Basal metabolic rate, thermogenesis, lipid and carbohydrate
metabolism, and body weight homeostasis are primarily
regulated by thyroid hormones [2]. These pathways can
therefore be disrupted by hyperthyroidism and its treatment,
resulting in a variety of metabolic abnormalities.

One study has shown that treatment-induced euthy-
roidism or hypothyroidism might lead to insulin resistance,
dyslipidemia, and weight gain, particularly in individuals
with markedly suppressed pre-treatment TSH levels or
underlying metabolic disturbances, despite the transient
improvement in insulin sensitivity observed during the
hyperthyroid state due to elevated energy expenditure and
enhanced lipolysis [3].

Thyroid health and leptin, a crucial adipokine involved
in appetite control and energy expenditure, are strongly
related. While euthyroidism restoration may result in a
rebound effect and perhaps contribute to post-RAI met-
abolic alterations, hyperthyroidism has been shown to
reduce blood leptin concentrations [4]. Indicators like the
triglyceride-glucose (TyG) index and the homeostasis model
assessment of insulin resistance (HOMA-IR) have proven
useful in identifying minimal alterations in metabolic risk for
patients with thyroid dysfunction [5].

Despite these realizations, there is still a lack of com-
prehensive data comparing the metabolic impacts of RAlin
toxic adenoma and Graves' disease. Moreover, the predic-
tive role of baseline TSH suppression and associated bio-
markers (such as leptin, TyG, and HOMA-IR) in predicting
long-term metabolic consequences is not well understood.

This study intends to fill an existing knowledge gap by
providing deeper insight into the systemic outcomes of RAI
therapy, facilitating individualized follow-up care and ther-
apeutic planning for patients after definitive management
of hyperthyroidism.

Aim

This study aimed to evaluate metabolic changes, including
insulin resistance, lipid profile, leptin levels, and BMI, and
to determine the predictive value of baseline TSH and

metabolic indices for post-RAI metabolic risk in patients
with Graves’ disease and toxic adenoma.

Materials and methods

This prospective study included 83 patients diagnosed with
Graves’ disease (n = 62) and toxic adenoma (n = 21), who
underwent RAI treatment at the Nuclear Medicine Depart-
ment of the National Oncology Center between 2023-2025.
Participants were categorized into two pre-treatment groups:
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Group A (TSH <0.01 mIU/L) — n = 54; and Group B (TSH
>0.01 mlU/L)—n = 29. Patients in the Graves’ disease group
had a mean age of 45.69 + 11.75 years, while those in the
toxic adenoma group had a mean age of 49.48 + 9.30 years.
The overall age range for participants was 25-65 years.

Fasting blood samples were collected in the morning
between 08:00 and 09:00 a. m. following an overnight
fast of at least 10 hours. Serum glucose, total cholesterol,
HDL-C, LDL-C, and triglycerides were measured using an
enzymatic colorimetric method on a Roche Cobas 6000
analyzer (Roche Diagnostics, Mannheim, Germany). Insulin
levels were determined via chemiluminescentimmunoassay
(CLIA) using the ADVIA Centaur XP system (Siemens
Healthcare Diagnostics, USA). Serum leptin concentrations
were measured using enzyme-linked immunosorbent assay
(ELISA) kits (BioVendor, Czech Republic) according to the
manufacturer’s protocol. TSH, free T4 (FT4), and free T3
(FT3) were measured using electrochemiluminescence
immunoassay (ECLIA) on a Roche Cobas e411 analyzer
(Roche Diagnostics, Mannheim, Germany).

Derived indices included the HOMA-IR were calculated
as [fasting glucose (mmol/L) x fasting insulin (ulU/mL)] /
22.5, and the triglyceride-glucose (TyG) index was calcu-
lated as In [fasting triglycerides (mg/dL) x fasting glucose
(mg/dL) / 2].

Parameters including glucose, insulin, leptin, lipid profile
components (e. g., total cholesterol, HDL-C, LDL-C, and tri-
glycerides), HOMA-IR, TyG index, and BMI were assessed
before treatment and 12 months post-treatment.

All statistical analyses were conducted using IBM SPSS
Statistics version 26.0 (IBM Corp., Armonk, NY, USA).
Prior to analysis, the distribution of continuous variables
was assessed using the Shapiro-Wilk test to determine
the appropriate statistical methods. Variables not meeting
the assumption of normality were analyzed using non-par-
ametric tests.

Descriptive statistics were presented as mean * stand-
ard deviation (SD) for normally distributed variables and
as median (interquartile range, Q1-Q3) for non-normally
distributed variables. Categorical variables were reported
as frequencies and percentages. The Mann-Whitney U
test was used to compare independent non-normally
distributed continuous variables between Group A and
Group B (stratified by baseline TSH levels). The Wilcoxon
signed-rank test was applied for paired comparisons of
pre- and post-treatment variables within each group to
assess the effect of RAI therapy on metabolic and hormonal
parameters. The Receiver Operating Characteristic (ROC)
curve analysis was performed to evaluate the diagnostic
and prognostic utility of baseline metabolic markers (e. g.,
LDL, HDL, leptin) in predicting post-treatment metabolic
risk. The area under the curve (AUC) was calculated, along
with 95 % confidence intervals, to determine discriminative
power. Statistical significance was set at a p-value of <0.05
in all analyses.

Inclusion criteria: diagnosis of Graves’ disease or toxic
adenoma, patients aged between 25-65 years, patients
scheduled for RAI therapy.

Exclusion criteria: pregnancy or breastfeeding, history
of thyroid surgery or previous RAI therapy, presence of
other significant endocrine or metabolic diseases, chronic
kidney or liver disease.
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Fig. 1. Metabolic parameters stratified by pre-RAI TSH levels: glucose, insulin, HOMA-IR, and TyG index.

Table 1. Mann-Whitney analysis outcomes

Fasting Insulin

11.60
TSH<0.01 TSH>0.01
TyG Index
2.01
TSH<0.01 TSH > 0.01

Parameter, Mann-Whitney U Group A, Group B, p-value
units of measurement TSN <0.01 TSH >0.01

Free thyroxine (FT4), ng/dL 476.5 1.32(1.07; 1.71) 1.08 (0.96; 1.36) 0.003
Free triiodothyronine (FT3), ng/dL 335 6.23 (4.40; 8.87) 3.07 (2.73; 3.73) <0.001
FT4/FT3 ratio 55.0 0.27 (0.20; 0.43) 0.56 (0.40; 0.69) 0.003
Fasting insulin, mlU/L 567.5 18.5(14.2; 22.1) 13.2(10.2; 14.6) <0.001
Fasting glucose, mmol/L 496,5 5.8(5.3;6.3) 5.4 (5.2;5.6) 0.006
HOMA-IR 359.0 4.40 (3.30;6.00) 3.10 (2.50; 3.50) <0.001
TyG index 469.0 2.79(2.21;3.07) 2.36 (2.03; 2.58) 0.003
Results ing insulin levels were elevated in Group A (17.6 pU/mL

Comparison of baseline characteristics by TSH level. Pa-
tients were categorized into two groups based on baseline
TSH values: Group A (TSH <0.01 mIU/L) and Group B
(TSH>0.01 mIU/L). Group A received significantly higher
doses of methimazole at baseline compared to Group B
(24.5 mg vs. 18.7 mg, p = 0.007), consistent with a more
pronounced thyrotoxic state. TSH levels were markedly
suppressed in Group A (0.007 mIU/L vs. 0.321 mlIU/L,
p < 0.001), with correspondingly elevated FT3 levels
(8.33 ng/dL vs. 3.37 ng/dL, p = 0.013) and a reduced
FT4/FT3 ratio (p = 0.004), indicating a predominance of
T3 toxicosis (Fig. 1).

Post-treatment hormonal and metabolic outcomes.
Following RAI therapy, patients in Group A exhibited
significantly higher post-treatment TSH (2.25 mIU/L vs.
1.96 mlU/L, p = 0.041) and FT4 levels (1.40 ng/dL vs.
1.18 ng/dL, p = 0.005) as compared to Group B.

Metabolic assessments have revealed that Group A
had worse insulin resistance profiles post-treatment. Fast-

vs. 12.8 pU/mL, p < 0.001), as well as HOMA-IR scores
(4.77 vs. 3.09, p < 0.001) and TyG indices (2.67 vs. 2.33,
p = 0.005), despite similar BMI values between groups.
Although leptin levels did not reach statistical significance,
a higher mean leptin value was observed in Group A
(27.4 ng/mL vs. 25.3 ng/mL), supporting a trend toward
greater post-treatment metabolic burden in those with more
severe thyrotoxicosis.

The Mann-Whitney U test has demonstrated significant
differences between groups A and B after treatment in sev-
eral metabolic and hormonal variables (Table 1).

Notably, FT3 (p <0.001), FT4 (p =0.003), and the FT4/
FT3 ratio (p = 0.003) differed markedly between groups,
reflecting the degree of thyroid hormone excess. Addition-
ally, fasting insulin (p < 0.001), fasting glucose (p = 0.006),
HOMA-IR (p < 0.001), and TyG-related indices (p = 0.003)
were significantly higher in the TSH <0.01 group, further
substantiating greater metabolic dysregulation among
patients with suppressed TSH.
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Fig. 2. ROC curves for predictive factors (LDL, HDL, and leptin).

Wilcoxon signed-rank tests have indicated statistically
significant changes in nearly all evaluated parameters
post-treatment in both TSH groups, including changes in
thyroid hormones (FT3, FT4), metabolic markers (insulin,
leptin, HOMA-IR, TyG indices), lipid profile components
(LDL, HDL, TCL), and BMI (Table 2).

ROC curve analysis has identified LDL (AUC = 0.662,
p=0.027) and HDL (AUC = 0.665, p = 0.024) as significant
predictors of metabolic outcomes following RAI therapy
(Table 3). Although leptin had a borderline significant
p-value (p = 0.074), its moderate AUC (0.631) supported
its inclusion due to known biological relevance in thyroid
and fat metabolism. The TyG-BMI index has demonstrated
moderate predictive ability (AUC = 0.621, p = 0.099), indi-
cating the need for further validation in studies with larger
populations (Fig. 2).

Discussion

The prognostic significance of baseline TSH suppression
in predicting post-RAI metabolic outcomes in hyperthyroid
individuals is highlighted in this study. In line with T3-dom-
inant thyroid hormone profiles, patients with severely
suppressed TSH levels (0.01 mIU/L) have shown more
severe biochemical thyrotoxicosis, characterized by higher
FT3 levels and lower FT4/FT3 ratios. This trait has been
associated with increased metabolic burden, cardiovascular
disease, and metabolic stress in the past [6,7].

Thyroid hormone levels returned to normal after the
therapy in both groups, but insulin resistance profiles (higher
fasting insulin, HOMA-IR, and TyG index) were noticeably
worse in the group with low TSH levels. These results are
in line with recent research indicating that the degree of hy-
perthyroidism before RAI therapy may influence metabolic
outcomes after treatment, possibly through long-lasting
changes in insulin signaling pathways and adipose tissue
functions [8,9].
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Table 2. Wilcoxon test outcomes

m Significant changes

TSN <0.01  FT4, FT3, insulin, leptin, LDL, HDL, TCL, HOMA-IR, BMI, TyG, TyG-BMI <0.001
TSH>0.01  FT4, FT3, insulin, leptin, LDL, HDL, TCL, HOMA-IR, BMI, TyG, TyG-BMI <0.001

Table 3. ROC analysis identifying predictive factors

s5%cl
LDL

0.662 0.027 0.531-0.794
HDL 0.665 0.024 0.537-0.793
Leptin 0.631 0.074* 0.494-0.768
TyG-BMI index 0.621 0.099 0.471-0.771

*: borderline statistical significance; included due to clinical relevance and moderate predictive
potential.

While there was no significant difference in serum leptin
levels between the groups, but there was a tendency toward
higher levels in the group with low TSH levels. Previous re-
search has demonstrated dysregulation of the leptin-thyroid
axis following correction of thyroid dysfunction, which may
indicate adipose tissue response or subclinical inflammation
after RAI therapy [10].

Crucially, LDL-C and HDL-C have been found to be
statistically significant predictors of post-RAI metabolic
dysfunction via ROC analysis. These conventional lipid
indicators are still useful for identifying patients who are
at risk at an early stage, especially when combined with
novel indices such as leptin or TyG-BMI. Although larger
trials are required to prove its clinical relevance, the mod-
erate AUC for leptin (0.631, p = 0.074) further supports
its potential predictive value in metabolic surveillance
following RAI therapy.

To sum up, the baseline TSH suppression level serves
as both a predictor of post-RAI metabolic abnormalities and
an indicator of disease severity. To mitigate the risk of insulin
resistance and dyslipidemia, patients with suppressed TSH at
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baseline may benefit from more thorough metabolic monitoring
and personalized lifestyle or pharmacological interventions.

Conclusions

1. This study demonstrates significant metabolic altera-
tions following RAI treatment for hyperthyroidism, which are
significantly associated with baseline TSH levels. Notably,
insulin resistance and leptin levels emerged as pivotal
indicators influencing metabolic outcomes post-treatment.

2. LDL, HDL, and leptin show notably high predictive
potential, highlighting their clinical relevance in risk stratifi-
cation and therapeutic planning post-RAI.

Prospects for further research. Further research should
validate the predictive value of TyG, leptin, and TyG-BMI
indices in larger, long-term cohorts. Studies integrating
immunological and inflammatory markers may clarify
metabolic variability, especially in Graves’ disease. Com-
parative research on RAI, surgery, and antithyroid drug
therapy is needed to evaluate differences in metabolic and
quality-of-life outcomes. Additionally, interventional trials
targeting post-RAI metabolic risk through nutritional or
pharmacologic strategies are warranted.
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