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Background: Oxidative stress can impact the synthesis, metabolism, and 
signaling pathways of thyroid hormones. The Oxidative balance score (OBS) is 
an indicator used to measure an individual’s oxidative stress status by assessing 
the levels of oxidative and antioxidant substances in diet and lifestyle factors. 
This study aimed to explore the relationship between OBS and the prevalence 
of thyroid dysfunction.

Methods: This study investigated the relationship between OBS and the 
prevalence of thyroid dysfunction using data from 6,268 participants in the 
2007–2012 National Health and Nutrition Examination Survey (NHANES). 
Weighted multivariate logistic regression and restricted cubic spline (RCS) 
regression were employed to analyze this association, assessing both linear and 
potential non-linear relationships.

Results: After adjusting for covariates, our research revealed that the prevalence 
of subclinical hyperthyroidism (SCHyper) decreased by 7.4% for each additional 
OBS unit[OR = 0.926, 95% CI = (0.884, 0.971), p = 0.002]. When the OBS was 
categorized, we also discovered that individuals with the highest OBS exhibited 
a 62.3% reduced risk of developing SCHyper in comparison to those with the 
lowest OBS. Similarly to OBS, the prevalence of SCHyper diminished by 7.7% for 
every extra unit of OBS added to the diet [OR = 0.923, 95% CI = (0.874, 0.974), 
p = 0.005]. A stratified analysis revealed that the protective effect of OBS against 
SCHyper was particularly strong in women, non-Hispanic White people, individuals 
with poverty to income ratio (PIR) greater than 3.5, and those with a Urinary iodine 
concentration (UIC) below 300 ug/L (all P for interaction < 0.05). Additionally, our 
investigation revealed a U-shaped curve relationship between OBS and SCHyper.

Conclusion: Research indicates a negative correlation between OBS and the 
risk of SCHyper, suggesting that a higher intake of antioxidants and reduced 
exposure to pro-oxidants may help lower the risk of SCHyper. These results 
offer new insights into the prevention and treatment of patients with SCHyper.
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1 Introduction

Thyroid hormones are crucial for the growth, brain development, 
and energy metabolism of the body. Thyroid dysfunction can manifest 
as hypothyroidism, where the body lacks sufficient thyroid hormones, 
resulting in symptoms such as fatigue, weight gain, low metabolic rate, 
and depression (1). On the opposite end of the spectrum is 
hyperthyroidism, characterized by an overproduction of these hormones, 
which can cause symptoms like weight loss, anxiety, and increased heart 
rate (2). Autoimmune thyroiditis is a chronic condition in which the 
immune system mistakenly attacks the thyroid gland, leading to 
inflammation and damage (3). The prevalence of thyroid dysfunction 
and autoimmune thyroid disease varies by factors including sex (4), age 
(5), lifestyle (6), diet (7, 8), and other factors (9–11).

Oxidative stress (OS) occurs when the production of reactive 
oxygen species (ROS) and free radicals in the body exceeds the 
scavenging capacity of the antioxidant defense system, leading to 
cellular and tissue damage. Mitochondria serve as the primary sites 
for the production of ROS and are also the primary targets of these 
potentially harmful molecules, which can induce mitochondrial 
dysfunction and consequently lead to metabolic disorders. Previous 
research has indicated that OS is associated with both hyperthyroidism 
and hypothyroidism (12). By supplementing with antioxidants, 
adjusting one’s diet, and altering lifestyle habits, it is possible to 
alleviate the adverse impact of oxidative stress on the thyroid, 
improving thyroid function and related symptoms (13).

The Oxidative balance score (OBS) is an indicator used to measure 
an individual’s oxidative stress status by assessing the levels of 
oxidative and antioxidant substances in diet and lifestyle factors (14). 
Higher OBS scores indicate higher antioxidant exposure and lower 
pro-oxidant exposure. Compared to a single marker, it can assess the 
oxidative state more comprehensively (15). Research has indicated 
correlations between OBS and the risk of various chronic diseases, 
such as cardiovascular disease (16), mortality rate in patients with 
diabetes (17), breast cancer (18), depression (19), kidney stones (20), 
and female infertility (21). However, it is currently unclear whether 
there is an association between OBS and thyroid diseases.

Although a recent study has shown a significant inverse 
correlation between OBS and levels of thyroid hormones, such as TT4 
and FT4, among American adults (22), the impact of OBS on thyroid 
function only in normal individuals. Therefore, this study seeks to 
investigate the association between OBS and the prevalence of thyroid 
dysfunction in U.S. adults, utilizing data from the National Health and 
Nutrition Examination Survey (NHANES). The aim was to provide 
valuable insights into OBS as a modifiable risk factor for thyroid 
health, which could inform public health strategies aimed at 
preventing and managing thyroid disorders.

2 Methods

2.1 Study population

NHANES is a comprehensive and nationally representative cross-
sectional survey that has been meticulously designed to evaluate and 
assess the health and nutritional status of the entire population 
residing within the United States. NHANES collects vital data on the 
prevalence of major diseases and conditions, dietary habits, nutritional 

trends, and health-related behaviors across the nation through a 
combination of interviews and physical examinations. Conducted by 
the National Center for Health Statistics (NCHS) under the Centers 
for Disease Control and Prevention (CDC), all participants provided 
informed consent prior to the start of the study.

Data from three cycles (2007–2008, 2009–2010, and 2011–2012), 
totaling 30,442 participants, were initially considered. This study 
applied the following exclusion criteria: (1) participants younger than 
20 years or currently pregnant; (2) participants with thyroid cancer; 
(3) participants without available thyroid measurement data; (4) 
participants with ≤ 18 OBS components (23); (5) participants with 
missing covariate data. Finally, 6,268 participants were included in the 
analysis (Figure 1).

2.2 Serum thyroid measure and thyroid 
dysfunction

The assessment of serum thyroid hormones encompasses the 
evaluation of thyroid stimulating hormone (TSH), free thyroxine 
(FT4), free triiodothyronine (FT3), total thyroxine (TT4), total 
triiodothyronine (TT3), thyroid peroxidase antibodies (TPOAb) and 
thyroglobulin antibodies (TgAb). The thyroid blood specimens 
analyzed in this study were obtained from the publicly available 
NHANES database. The NCHS adheres to standardized protocols for 
sample collection, processing, and biomarker measurement, which are 
meticulously documented in the NHANES Laboratory Procedures 
Manual. The reference ranges for TSH, FT4, and FT3 were 0.4–4.5 
mIU/L, 9–25 pmol/L, and 2.5–3.9 pg./mL, respectively, according to 
the previous studies and clinical practice guidelines (24–26). 
Participants who had not received thyroid hormone replacement 
therapy or antithyroid drugs and whose TSH value was normal range 
were classified as having normal thyroid function (2). We  defined 
thyroid dysfunction and autoimmune thyroid disease as follows: 
Hashimoto’s thyroiditis (HT): participants with TPOAb > 9 IU/mL and 
TgAb > 115 IU/mL were considered positive (27). Autoimmune 
thyroiditis (AIT): participants with TPOAb > 9 IU/mL and TgAb > 
4 IU/mL were considered positive (28). Subclinical hypothyroidism 
(SCH): participants with TSH  ≥  4.5 mIU/L and FT4 level within 
9–25 pmol/L, but they were not taking any thyroid drugs. Subclinical 
hyperthyroidism (SCHyper): participants with TSH < 0.4 mIU/L and 
FT4 level within 9–25 pmol/L and FT3 within 2.5–3.9 pg./mL, but they 
were not taking any thyroid drugs. Hypothyroidism: (1) participants 
who self-reported take medication for hypothyroidism (levothyroxine, 
liothyronine or desiccated thyroid) or (2) participants with TSH ≥ 4.5 
mIU/L and FT4 level < 9 pmol/L, but they were not taking any thyroid 
drugs. Hyperthyroidism: (1) participants who self-reported take 
antithyroid drugs (propylthiouracil or methimazole) or (2) participants 
with TSH < 0.4 mIU/L and FT4 level > 25 pmol/L, and did not take any 
thyroid drugs or (3) participants with TSH < 0.4 mIU/L and FT3 level 
> 3.9 pmol/L, but they were not taking any thyroid drugs.

2.3 Oxidative balance score

The total OBS components was formed from dietary and lifestyle 
components, which contains 16 dietary factors (vitamin B6, vitamin 
B12, vitamin C, vitamin E, calcium, iron, zinc, selenium, magnesium, 
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copper, total folate, total fat, niacin, riboflavin, dietary fiber and 
carotene) and 4 lifestyle components (alcohol consumption, smoking, 
body mass index (BMI), and physical activity). And further 
categorized into 15 antioxidants and 5 pro-oxidants. Dietary 
components and alcohol consumption were calculated based on the 
average of two 24-h dietary recalls. Cotinine is a useful biomarker for 
smoking because of its long half - life and its ability to indicate both 
active and passive smoking exposure. Total physical activity was 
measured as metabolic equivalent (MET) score and the following 
formula: MET × frequency of each physical activity per week × 
duration of each physical activity (29, 30). The total OBS score was 
determined by adding the scores for each component, with a higher 
OBS score indicating greater exposure to antioxidants.

2.4 Covariates

Building upon previous studies, we considered a range of factors 
as potential confounders, encompassing demographic, 
socioeconomic, dietary, and health-related variables. These factors 
included age, gender, race/ethnicity, education level, poverty to 

income ratio (PIR), iodine status, diabetes, hypertension, and 
cardiovascular disease (CVD).

Participants were stratified into three age cohorts: 20–40 years, 
41–60 years, and over 60 years. Ethnicity/race was classified as 
non-Hispanic White, non-Hispanic Black, Mexican American, and 
other. Educational attainment was classified into three tiers: less than 
high school, high school graduate, and more than high school. PIR 
was also grouped into three categories: ≤ 1.3, 1.3 < PIR ≤ 3.5, and > 
3.5. Urinary iodine concentration (UIC) was used to assess iodine 
status and was categorized as <100, 100–299 and ≥ 300 ug/L (31). 
Diagnosed through index measurements, medication use, and self-
reporting, hypertension and diabetes, along with CVD identified 
solely by self-reporting.

2.5 Statistical analysis

Due to the complexity of the sampling survey in NHANES, a 
weighted statistical analysis was applied to each study participant to 
ensure representativeness. Categorical variables were summarized by 
frequency and percentage, whereas continuous variables were 

FIGURE 1

Flowchart of study population.
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reported as means with standard deviations (SD). The weighted 
chi-square test was utilized to evaluate categorical differences, 
whereas continuous variables were assessed using one-way analysis 
of variance (ANOVA).

In the multivariable logistic regression analysis examining the 
relationship between OBS and the prevalence of thyroid dysfunction, 
Model 1 was not adjusted for any covariates. Model 2 incorporated 
adjustments for various factors, including gender, race/ethnicity, 
education level, age, UIC, and PIR. Model 3, the fully adjusted model, 
was adjusted for the variables in Model 2 and further adjusted to 
account for additional potential confounders, such as diabetes, 
hypertension, and cardiovascular disease (CVD). Restricted cubic 
spline (RCS) regression was employed to analyze both linear and 
potential non-linear relationships. Subgroup analyses and interaction 
tests were employed for each covariate to assess the heterogeneity in 
the relationship between OBS and the prevalence of thyroid 
dysfunction. A two-sided p value of < 0.05 was considered statistically 
significant. All analyses were conducted using R software 
(version 4.4.1).

3 Results

3.1 Baseline participant characteristics

We included 6,268 participants who were 20 years of age or older 
from the NHANES (2007–2012). Table  1 displayed the baseline 
characteristics of participants categorized according to OBS 
quartiles. Participants in different OBS quartiles exhibited significant 
differences in age, race, PIR, and education level (all p < 0.05). As the 
OBS increased, the incidence of diseases including diabetes, 
hypertension and CVD gradually decreased. Moreover, participants 
in the highest OBS quartile showed a significantly lower prevalence 
of SCHyper compared to those in the lowest OBS quartile 
(p < 0.0001). However, there were no significant differences in the 
prevalence of HT, AIT, SCH, hyperthyroidism and hypothyroidism 
among the quartile groups. We also conducted an identical analysis 
on both dietary and lifestyle OBS. Consistent with previous findings 
for the total OBS, our results further revealed that dietary OBS was 
found to be  associated with a decreased incidence of SCHyper 
(Supplementary Tables 1, 2).

3.2 Association between OBS and SCHyper

The association between OBS and SCHyper was illustrated in 
Table 2. In all regression models, the influence of OBS on SCHyper 
was statistically significant. In model 3, with each 1 unit increase in 
total OBS, the prevalence of SCHyper decreased by a factor of 
7.4%[OR = 0.926, 95% CI = (0.884, 0.971), p = 0.002], revealing a 
negative correlation between OBS and the risk of SCHyper. 
Furthermore, when compared to the lowest quartile of total OBS, the 
second, third, and highest quartiles also exhibited a negative 
correlation with the risk of SCHyper [Q2: OR = 0.216, 95% 
CI = (0.100, 0.464), p < 0.001; Q3: OR = 0.241, 95% CI = (0.105, 
0.552), p = 0.001; Q4: OR = 0.377, 95% CI = (0.158, 0.902), p = 0.030; 
respectively]. The findings indicated that individuals with the highest 
OBS exhibited a 62.3% reduced risk of developing SCHyper in 

comparison to those with the lowest OBS. And the negative trend 
remained statistically significant (P for trend = 0.022).

3.3 Association between dietary/lifestyle 
OBS and SCHyper

The relationship between dietary/lifestyle OBS and SCHyper was 
presented in Table 3. Similar to the total OBS results, dietary OBS was 
negatively correlated with the risk of SCHyper [OR = 0.923, 95% 
CI = (0.874, 0.974), p = 0.005]. While lifestyle OBS were expected to 
function as a protective measure against SCHyper, the results failed to 
reach statistical significance[OR = 0.895, 95% CI = (0.646, 1.238), 
p = 0.490].

3.4 RCS analysis

The RCS curves were employed to assess both linear and potential 
non-linear relationships between OBS and SCHyper. Initially, 
we observed a U-shaped curve association between OBS and SCHyper 
(P for nonlinear = 0.0002) (Figure  2A). This strong U-shaped 
association, as depicted in Figure 2A, demonstrated a decrease in the 
odds ratio for SCHyper with increasing OBS levels, reaching a 
minimum around OBS level 22.789 before ascending once more. 
Additionally, the inflection point for total OBS levels in females 
occurred at 24.965 (P for nonlinear = 0.004) (Figure 2B). Consistent 
with the relationship, the RCS curve also revealed a U-shaped 
correlation between dietary/lifestyle OBS and SCHyper in all 
individuals, particularly in females (Figures 2C–F).

3.5 Subgroup analysis

The subgroup analysis of selected covariates, using multivariate 
logistic regression and interaction tests, was aimed to assess the 
heterogeneity of the relationship between OBS and SCHyper risk.

In Figure 3, we observed significant interactions in gender (P for 
interaction = 0.03), race (P for interaction < 0.001), PIR (P for 
interaction = 0.009) and UIC subgroup (P for interaction = 0.012). 
More precisely, the protective impact of OBS against SCHyper was 
more marked in the female subgroup[OR = 0.878, 95% CI = (0.815, 
0.945), p = 0.001], the non-Hispanic White subgroup [OR = 0.862, 
95% CI = (0.810, 0.917), p < 0.0001], the subgroup with a PIR greater 
than 3.5 [OR = 0.813, 95% CI = (0.747, 0.884), p < 0.0001], the UIC 
levels below 100 [OR = 0.858, 95% CI = (0.799, 0.921), p < 0.0001] 
and within the range of 100–299 [OR = 0.931, 95% CI = (0.871, 
0.995), p = 0.035].

Furthermore, OBS was used as a categorical variable (Table 4). 
Compared to participants with the lowest OBS, those with the highest 
OBS exhibited a lower risk of SCHyper, particularly within the female 
subgroup [OR = 0.156, 95% CI = (0.041, 0.592), p = 0.005, P for 
interaction = 0.037], the non-Hispanic White subgroup [OR = 0.124, 
95% CI = (0.043, 0.355), p < 0.001, P for interaction < 0.0001], the 
subgroup with a PIR greater than 3.5 [OR = 0.015, 95% CI = (0.002, 
0.097), p < 0.0001, P for interaction < 0.001], and the subgroup with 
education levels more than high school [OR = 0.197, 95% CI = (0.074, 
0.527), p = 0.006, P for interaction = 0.036].
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TABLE 1 Baseline characteristics of participants categorized according to OBS quartiles.

Characteristics OBS quartiles p-value

Overall Q1 Q2 Q3 Q4

Age(years) 0.008

  20–40 2,132(39.227)a 532(39.330) 453(36.937) 612(37.814) 535(42.408)

  41–60 2076(38.990) 555(36.744) 439(38.084) 583(38.981) 499(41.693)

  >60 2060(21.784) 673(23.926) 490(24.979) 545(23.206) 352(15.899)

Gender 0.872

  Female 3,167(52.823) 857(52.362) 718(51.756) 895(53.555) 697(53.268)

  Male 3,101(47.177) 903(47.638) 664(48.244) 845(46.445) 689(46.732)

Race < 0.0001

  White 3,089(71.277) 774(66.079) 656(68.636) 876(71.329) 783(77.875)

  Black 1,239(10.171) 474(15.653) 294(11.675) 296(8.658) 175(5.760)

  Mexican 949(7.959) 256(7.991) 214(8.961) 286(9.092) 193(5.948)

  Other race 991(10.593) 256(10.277) 218(10.728) 282(10.921) 235(10.418)

Education < 0.0001

  <high school 1,675(17.775) 654(27.424) 409(20.381) 391(15.908) 221(9.188)

  High school 1,456(23.618) 482(28.894) 321(26.479) 396(23.520) 257(16.830)

  > high school 3,137(58.607) 624(43.682) 652(53.140) 953(60.572) 908(73.982)

PIR < 0.0001

  < = 1.3 1924(21.401) 727(31.909) 409(21.169) 488(18.769) 300(15.051)

 1.3–3.5 2,375(34.471) 673(36.084) 588(41.383) 631(33.894) 483(28.344)

 >3.5 1969(44.128) 360(32.008) 385(37.448) 621(47.337) 603(56.605)

UIC(ug/L) 0.752

 <100 1979(32.998) 538(33.818) 447(32.027) 539(31.220) 455(34.917)

 100–299 3,086(48.779) 873(48.090) 676(49.427) 857(49.619) 680(47.996)

 > = 300 1,203(18.223) 349(18.093) 259(18.546) 344(19.161) 251(17.087)

HT 0.073

 Yes 734(12.445) 184(10.503) 164(11.365) 206(12.746) 180(14.681)

 No 5,534(87.555) 1,576(89.497) 1,218(88.635) 1,534(87.254) 1,206(85.319)

AIT 0.051

 Yes 900(15.522) 225(12.968) 208(16.212) 248(14.758) 219(18.084)

 No 5,368(84.478) 1,535(87.032) 1,174(83.788) 1,492(85.242) 1,167(81.916)

Hyperthyroidism 0.081

Yes 19(0.178) 7(0.347) 2(0.059) 6(0.180) 4(0.117)

No 6,249(99.822) 1753(99.653) 1,380(99.941) 1734(99.820) 1,382(99.883)

SCHyper < 0.0001

 Yes 92(1.322) 35(2.875) 17(0.648) 20(0.712) 20(1.111)

 No 6,176(98.678) 1725(97.125) 1,365(99.352) 1720(99.288) 1,366(98.889)

SCH 0.628

 Yes 152(2.765) 125(8.263) 107(8.034) 142(8.905) 95(7.204)

 No 6,116(97.235) 1,635(91.737) 1,275(91.966) 1,598(91.095) 1,291(92.796)

Hypothyroidism 0.628

 Yes 469(8.116) 125(8.263) 107(8.034) 142(8.905) 95(7.204)

 No 5,799(91.884) 1,635(91.737) 1,275(91.966) 1,598(91.095) 1,291(92.796)

Hypertension < 0.0001

 Yes 2,652(35.070) 866(39.845) 622(37.496) 711(37.042) 453(26.846)

(Continued)
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TABLE 1 (Continued)

Characteristics OBS quartiles p-value

Overall Q1 Q2 Q3 Q4

 No 3,616(64.930) 894(60.155) 760(62.504) 1,029(62.958) 933(73.154)

Diabetes < 0.001

 Yes 1,179(13.305) 415(15.644) 288(15.594) 311(14.008) 165(8.710)

 No 5,089(86.695) 1,345(84.356) 1,094(84.406) 1,429(85.992) 1,221(91.290)

CVD < 0.0001

 Yes 712(7.952) 289(12.080) 171(9.234) 166(7.219) 86(4.078)

 No 5,556(92.048) 1,471(87.920) 1,211(90.766) 1,574(92.781) 1,300(95.922)

aActual frequencies (weighted percentages).
OBS, oxidative balance score; PIR, poverty to income ratio; UIC, urinary iodine concentration; HT, Hashimoto’s thyroiditis; AIT, autoimmune thyroiditis; SCHper, subclinical hyperthyroidism; 
SCH, subclinical hypothyroidism; CVD, cardiovascular disease.
Bold values (P < 0.05) indicate statistically significant associations.

TABLE 2 The association between OBS and SCHyper.

Variables Model 1 Model 2 Model 3

OR (95%CI) P OR (95%CI) P OR(95%CI) P

OBS 0.928(0.889,0.968) <0.001 0.926(0.882, 0.972) 0.003 0.926(0.884, 0.971) 0.002

Categories

 Q1 Ref Ref Ref

 Q2 0.220(0.107,0.455) <0.001 0.218(0.101, 0.467) <0.001 0.216(0.100, 0.464) <0.001

 Q3 0.242(0.120,0.490) <0.001 0.240(0.105, 0.547) 0.001 0.241(0.105, 0.552) 0.001

 Q4 0.380(0.200,0.720) 0.004 0.382(0.161, 0.906) 0.030 0.377(0.158, 0.902) 0.030

p for trend 0.004 0.023 0.022

Model 1 was not adjusted for any covariates. Model 2 incorporated adjustments for various factors, including gender, race, education level, age, UIC, and PIR. Model 3, the fully adjusted 
model, was adjusted for the variables in Model 2 and further adjusted to account for additional potential confounders, such as diabetes, hypertension, and CVD. OBS, oxidative balance score; 
SCHyper, subclinical hyperthyroidism; OR, odds ratio; CI, confidence interval; ref, reference; PIR, poverty to income ratio; UIC, urinary iodine concentration; CVD, cardiovascular disease.
Bold values (P < 0.05) indicate statistically significant associations.

TABLE 3 The relationship between dietary/lifestyle OBS and SCHyper.

Variables Model 1 Model 2 Model 3

OR (95%CI) P OR (95%CI) P OR (95%CI) P

OBS.dietary 0.920(0.879,0.964) <0.001 0.923(0.874, 0.974) 0.005 0.923(0.874, 0.974) 0.005

Categories

 Q1 Ref Ref Ref

 Q2 0.144(0.062,0.333) <0.0001 0.144(0.060, 0.348) <0.0001 0.143(0.059, 0.347) <0.001

 Q3 0.211(0.108,0.409) <0.0001 0.213(0.096, 0.475) <0.001 0.214(0.094, 0.485) <0.001

 Q4 0.403(0.212,0.766) 0.007 0.431(0.190, 0.979) 0.045 0.430(0.190, 0.970) 0.043

p for trend 0.007 0.031 0.030

OBS.lifestyle 0.936(0.701,1.250) 0.648 0.893(0.640, 1.247) 0.496 0.895(0.646, 1.238) 0.490

Categories

 Q1 Ref Ref Ref

 Q2 0.679(0.353,1.307) 0.240 0.622(0.311, 1.247) 0.174 0.618(0.308, 1.238) 0.167

 Q3 0.893(0.461,1.731) 0.733 0.850(0.348, 2.075) 0.713 0.846(0.347, 2.059) 0.703

 Q4 0.944(0.307,2.902) 0.919 0.833(0.241, 2.880) 0.766 0.830(0.243, 2.833) 0.759

p for trend 0.923 0.819 0.811

Model 1 was not adjusted for any covariates. Model 2 incorporated adjustments for various factors, including gender, race, education level, age, UIC, and PIR. Model 3, the fully adjusted 
model, was adjusted for the variables in Model 2 and further adjusted to account for additional potential confounders, such as diabetes, hypertension, and CVD. OBS, oxidative balance score; 
SCHyper, subclinical hyperthyroidism; OR, odds ratio; CI, confidence interval; ref, reference; PIR, poverty to income ratio; UIC, urinary iodine concentration; CVD, cardiovascular disease.
Bold values (P < 0.05) indicate statistically significant associations.
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4 Discussion

Our study is a cross-sectional investigation into the association 
between the OBS and the prevalence of thyroid dysfunction among 
adults in the United States. The research indicated that OBS was inversely 
correlated with the prevalence of SCHyper, suggesting that higher OBS 
scores are associated with a decreased risk of SCHyper. Furthermore, it 
was observed that dietary OBS also had an inverse relationship with the 
prevalence of SCHyper, whereas the correlation between lifestyle OBS 
and SCHyper did not reach statistical significance. A subgroup analysis 
was conducted, revealing that the protective effect of OBS against 
SCHyper was particularly strong in women, non-Hispanic White people, 
individuals with PIR greater than 3.5, and those with a UIC below 300 
ug/L. Additionally, our investigation revealed a nonlinear U-shaped 
relationship between OBS and SCHyper.

Previous research has shown that OS is linked to both 
hypothyroidism and hyperthyroidism (12). The production of OS in 
hyperthyroidism is due to increased ROS generation, whereas in 
hypothyroidism, it is due to lower utilization of antioxidants. ROS 
contribute to damage in the thyroid and peripheral tissues. 
Mitochondria serve as the primary sites for the production of ROS 
and are also the primary targets of these potentially harmful 
molecules, which can induce mitochondrial dysfunction and 
consequently lead to metabolic disorders. A mini-review confirmed 
that vitamin E supplementation in experimental and functional 
hyperthyroidism has the potential to prevent or reduce mitochondrial 
oxidative dysfunction by reaching the mitochondrial membrane 
through different pathways (32). The finding of Gallo et  al. (33) 
showed that patients newly diagnosed with hyperthyroidism and 
presenting with low levels of Se and vitamin D(Vd), supplementation 
with Se and Vd facilitates early control of hyperthyroidism during 

methimazole treatment. The reason is that low Se levels could worsen 
OS in hyperthyroidism by impairing the antioxidant system’s ability 
to counteract reactive oxygen species. When Se binds with 
selenoproteins, it can enhance the defense of thyroid cells against ROS 
(34). A randomized clinical trial (35) revealed that the OS level was 
markedly elevated and the total antioxidant capacity was notably 
lower in hyperthyroid patients treated solely with anti-thyroid drugs, 
compared to those who received a combination of anti-thyroid drug 
and antioxidant supplements within the study groups. Adjuvant 
treatment with antioxidants can lead to improved outcomes when 
combined with anti-thyroid drug therapy. Additionally, many trace 
elements, including Se (36), copper (37), zinc (38), and iron (39), are 
involved in the generation of ROS and play a crucial role in sustaining 
of oxidant-antioxidant balance. A recent study further supports this 
approach, demonstrating that targeted adjuvant therapies, such as 
antioxidant supplementation, effectively reduce oxidative damage and 
improve the prognosis of HT (40). However, disruptions in the levels 
of these trace elements can also result in thyroid dysfunction (41–43).

Research has shown a significant link between various lifestyle 
factors and thyroid dysfunction. Specifically, smoking has been 
identified as having an adverse impact on thyroid function, potentially 
triggering or exacerbating hyperthyroidism, thereby elevating the risk 
of its onset (44, 45). Huang et al. (46) observed that the consumption 
of alcohol was correlated with a reduced incidence of hypothyroidism, 
hyperthyroidism, and the presence of positive TPOAb. Furthermore, 
after accounting for confounding factors, obesity was found to 
be linked with a higher likelihood of overt hypothyroidism (47). And 
a population-based cohort study demonstrated that neither cross-
sectional nor longitudinal analyses revealed any association between 
thyroid hormone levels and physical activity (48). However, evidence 
also indicates that physical activity can influence OS levels and may 

FIGURE 2

The non-linear relationships between SCHyper and OBS, dietary OBS and lifestyle OBS. Models adjust for gender, race, education level, age, UIC, PIR, 
diabetes, hypertension, and CVD. (A) OBS and SCHyper in adults; (B) OBS and SCHyper by sex; (C) dietary OBS and SCHyper in adults; (D) dietary OBS 
and SCHyper by sex; (E) lifestyle OBS and SCHyper in adults; (F) lifestyle OBS and SCHyper by sex. Abbreviations: OBS, oxidative balance score; 
SCHyper, subclinical hyperthyroidis; OR, odds ratio; CI, confidence interval; ref., reference; PIR, poverty to income ratio; UIC, urinary iodine 
concentration; CVD, cardiovascular disease.
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be linked to thyroid dysfunction (49, 50). In contrast, compared to a 
single marker, OBS as an indicator can assess the oxidative stress status 
more comprehensively (15).

In the subgroup analysis and interaction terms of this study, it 
was found that the protective effect of OBS against SCHyper was 
particularly strong in women. These could be attributed to several 
factors. First, women may have a stronger antioxidant activity in 
their bodies (51), which helps combat OS caused by elevated thyroid 
hormone levels. Furthermore, estrogen can induce a decrease in the 
expression and activity of NADPH oxidase in females (52), while 
also enhancing the activity of glutathione peroxidase and superoxide 
dismutase (52–54). These enzymatic changes further enhance the 
protective benefits of OBS for women. However, the exact 
mechanisms may involve multiple factors and require more research 
to clarify.

The study by Díez et  al. (55) indicates that socioeconomic 
conditions are associated with the prevalence of thyroid disorders. 

Specifically, the incidences of both hypothyroidism and 
hyperthyroidism exhibit an upward trend with decreasing income 
levels. Hiza et al. (56) proposed in their study that the level of education 
acts as an indicator of an individual’s ability to apply nutritional 
knowledge to healthier dietary practices. Individuals who have attained 
a university degree generally exhibit higher quality diets than those 
with lower levels of education. Those with higher education tend to 
have a more elevated economic status and are typically more attentive 
to their dietary habits and overall lifestyle. Furthermore, prior research 
has indicated that Black race, females, and older individuals were risk 
factors for hyperthyroidism (57). Educational and income disparities 
contribute to variations in nutritional intake across different racial 
groups. This dietary difference between races may be one of the main 
factors contributing to the variation in rates of thyroid dysfunction. 
Globally, iodine deficiency, aside from the administration of 
levothyroxine, is the primary risk factor for subclinical hyperthyroidism 
(58). Iodine functions as an antioxidant, inhibiting the formation of 

FIGURE 3

Forest plot illustrating the relationship between OBS and SCHyper risk within each subgroup. Data are presented as OR (95% CI). Each subgroup 
adjusted for all factors (gender, race, education level, age, UIC, PIR, diabetes, hypertension, and CVD) except the stratification factor itself. 
Abbreviations: OBS, oxidative balance score; PIR, poverty to income ratio; UIC, urinary iodine concentration; CVD, cardiovascular disease, CI, 
confidence interval; Ref, reference.

https://doi.org/10.3389/fnut.2025.1592577
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Wu et al. 10.3389/fnut.2025.1592577

Frontiers in Nutrition 09 frontiersin.org

free radicals and ROS. Iodine deficiency can lead to an elevated 
incidence of thyroid nodules, which is subsequently associated with an 
increase in hyperthyroidism cases (59–61). Our study also indicates 
that for non-Hispanic White people, individuals with PIR greater than 
3.5, and those with a UIC below 300 ug/L, the protective effect of OBS 
against SCHyper was particularly strong. These findings suggest that 
nutritional intervention measures may need to be  tailored on an 
individual basis according to gender, race, economic status, and specific 
biomarker levels to achieve optimal health outcomes.

Although our research has achieved certain results, it must also 
be acknowledged that there are some limitations. Firstly, since the data 
comes from the NHANES database, which employs a cross-sectional 
design, it is not possible to determine the causal relationship between 
OBS and SCHyper. Secondly, the assessment of OBS is based on self-
reported data and dietary recalls, which could introduce recall bias. 
Thirdly, individuals with higher OBS may engage in unmeasured 
health-promoting behaviors, which could independently reduce the 
risk of SCHyper. Lastly, despite our utmost efforts to eliminate 

TABLE 4 Relationship between OBS and SCHyper in each subgroup.

Characteristics OBS quartiles

Q1 Q2 Q3 Q4 p for 
trend

p for 
interaction

Age (years) 0.079

  20–40 Ref 0.774(0.213, 2.805) 0.988(0.263, 3.719) 1.481(0.375, 5.854) 0.529

  41–60 Ref 0.156(0.052,0.471) 0.072(0.016,0.323) 0.097(0.026,0.361) 0.001

  >60 Ref 0.067(0.013,0.342) 0.240(0.056,1.027) 0.516(0.127,2.102) 0.325

Gender 0.037

  Female Ref 0.137(0.052, 0.361) 0.122(0.036, 0.416) 0.156(0.041, 0.592) 0.005

  Male Ref 0.575(0.192,1.720) 0.840(0.325,2.170) 1.510(0.514,4.437) 0.428

Race < 0.0001

  White Ref 0.060(0.014,0.248) 0.082(0.024,0.284) 0.124(0.043,0.355) <0.001

  Black Ref 1.858(0.624, 5.527) 1.197(0.354, 4.052) 6.514(2.159,19.652) 0.019

  Mexican Ref 0.969(0.240, 3.907) 0.609(0.175, 2.115) 1.112(0.288, 4.296) 0.917

  Other race Ref 0.029(0.003, 0.285) 0.704(0.158, 3.131) 0.102(0.009, 1.105) 0.188

PIR < 0.001

  < = 1.3 Ref 0.501(0.131, 1.918) 0.368(0.115, 1.185) 1.807(0.514, 6.354) 0.629

  1.3–3.5 Ref 0.449(0.077, 2.624) 0.613(0.139, 2.700) 1.635(0.497, 5.379) 0.512

  > 3.5 Ref 0.064(0.015,0.271) 0.091(0.026,0.314) 0.015(0.002,0.097) <0.0001

Education 0.036

  <high school Ref 0.303(0.054, 1.712) 0.210(0.095, 0.467) 1.054(0.364, 3.055) 0.369

  High School Ref 0.814(0.183, 3.630) 2.284(0.755, 6.912) 1.275(0.094,17.271) 0.472

  > high school Ref 0.111(0.036,0.337) 0.109(0.030,0.393) 0.197(0.074,0.527) 0.006

UIC(ug/L) 0.067

  <100 Ref 0.058(0.013, 0.269) 0.083(0.015, 0.455) 0.087(0.032, 0.234) <0.001

  100–299 Ref 0.259(0.084, 0.801) 0.345(0.143, 0.828) 0.486(0.138, 1.712) 0.188

  > = 300 Ref 1.923(0.316,11.713) 2.071(0.245,17.532) 7.132(1.130,45.025) 0.056

Hypertension 0.79

  Yes Ref 0.326(0.093, 1.140) 0.339(0.094, 1.228) 0.326(0.082, 1.302) 0.097

  No Ref 0.183(0.061, 0.549) 0.220(0.073, 0.665) 0.429(0.142, 1.295) 0.114

Diabetes 0.147

  Yes Ref 1.173(0.229, 6.019) 0.706(0.190, 2.630) 2.252(0.436,11.619) 0.547

  No Ref 0.164(0.070, 0.385) 0.223(0.095, 0.524) 0.304(0.107, 0.859) 0.022

CVD 0.243

  Yes Ref 0.087(0.007, 1.108) 0.012(0.000, 0.556) 1.432(0.317, 6.456) 0.059

  No Ref 0.230(0.102,0.516) 0.266(0.108,0.653) 0.363(0.142,0.924) 0.037

Data are presented as OR (95% CI). Each subgroup adjusted for all factors (gender, race, education level, age, UIC, PIR, diabetes, hypertension, and CVD) except the stratification factor itself. 
OBS, oxidative balance score; PIR, poverty to income ratio; UIC, urinary iodine concentration; CVD, cardiovascular disease, CI, confidence interval; Ref, reference.
Bold values (P < 0.05) indicate statistically significant associations.
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potential confounders, there are still some factors that cannot 
be entirely controlled and could influence the final outcome.

5 Conclusion

In summary, our study indicated that there is a negative 
correlation between OBS and the risk of SCHyper. And the protective 
effect of OBS against SCHyper was particularly strong in women, 
non-Hispanic White people, individuals with PIR greater than 3.5, 
and those with a UIC below 300 ug/L. Furthermore, our investigation 
revealed a nonlinear U-shaped relationship between OBS and 
SCHyper. The findings suggest that an increased intake of 
antioxidants and reduced exposure to pro-oxidants may help lower 
the risk of SCHyper. Future longitudinal studies can be conducted to 
further validate the causal relationship between OBS and 
SCHyper and their potential pathological mechanisms.
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