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Abstract
Oxidative stress may be involved in the progression of hypothyroidism in patients with Hashimoto thyroiditis (HT). Vitamin C is a well-known
powerful antioxidant. To our knowledge, whether vitamin C intake relates to hypothyroidism in patients with HT remains unclear. In this cross-
sectional study based on the National Health and Nutrition Examination Survey, 2007–2012, we aimed to explore the relationship between total
vitamin C intake and hypothyroidism in patients with HT, using multivariate logistic regression models and restricted cubic spline analyses.
Our results showed a significant negative linear association between total vitamin C intake (log10-transformed data) and hypothyroidism in HT.
Compared with those with the lowest quartile of total vitamin C intake (log10-transformed), participants with the highest quartile were at lower
odds of having hypothyroidism (adjusted OR 0·40, 95 % CI: 0·18, 0·88, Ptrend= 0·027). This association was consistent in subgroups stratified by
sex (Pfor interaction = 0·084) and age (≥ 60 years and< 60 years, Pfor interaction= 0·330). This study revealed that total vitamin C intake was inversely
associated with hypothyroidism among individuals with HT, indicating that higher vitamin C intakes (4·57–1258·9mg/d) may be associated with
a lower likelihood of hypothyroidism among HT participants.
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Hashimoto thyroiditis (HT) is a common autoimmune thyroid
disorder characterised by the lymphocyte infiltration of the
thyroid follicles, progressively leading to fibrosis and atrophy of
thyroid follicular cells. HT is frequently accompanied by
elevated levels of serum thyroid peroxidase antibodies (TPO-
Ab) and thyroglobulin antibodies (TG-Ab), and hypothyroidism
occurs in approximately 20–30 % of HT patients(1).

Oxidative stress promotes autoantibody synthesis through
increased formation of reactive oxygen species and contributes to
the pathogenesis of autoimmune diseases, including type 1
diabetes, systemic lupus erythematosus and systemic sclerosis(2–4).
To date, only few studies have examined the association between
oxidative stress and the progression of HT. A longitudinal study of
80HTpatients revealed that thosewhodevelopedhypothyroidism
exhibited higher levels of oxidative stress index, indicating
the potential role of oxidative stress in the development of
hypothyroidism in the HT population(5). Another observational
study(6) showed a continuous elevation of oxidative stress levels

during the development of subclinical hypothyroidism and overt
hypothyroidism among HT patients. Antioxidants may have
therapeutic value in preventing autoimmune thyroiditis by
reducing reactive oxygen species generation and intracellular
adhesion molecule-1 expression in thyrocytes, which is crucial at
an early inflammatory response stage(7).

Vitamin C is a potent nonenzymatic antioxidant that
effectively inhibits lipid peroxidation, thereby minimising
reactive oxygen species-induced cellular and organ damage(8,9).
A previous prospective study showed that HT patients who
received a daily intervention of 500mg of vitamin C for 3 months
had a lower level of serum TPO-Ab compared with placebo(10).
An experimental study showed that injection of boldenone
undecylenate resulted in elevation of thyroid-stimulating
hormone (TSH) and TPO-Ab in rats(11). However, the detri-
mental effects of boldenone undecylenate on the thyroid
function were ameliorated when treated in combination with
vitamin C(11).
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To our knowledge, whether vitamin C intake is associated
with hypothyroidism among HT patients is unknown. Herein,
we aimed to investigate the relationship between total vitamin C
intake and the odds of hypothyroidism in patients with HT in a
cross-sectional study based on the National Health and Nutrition
Examination Survey (NHANES) database.

Methods

Study population

The NHANES is a nationally representative survey on the health
and nutritional status of the general USA population. The
National Center for Health Statistics institutional ethics review
board approved the protocol of the NHANES. All participants
signed the written informed consent. This study was conducted
according to the guidelines laid down in the Declaration of
Helsinki. This cross-sectional study included participants from
three cycles of NHANES from 2007 to 2012, in which complete
thyroid function data were available. In these three survey
cycles, 30 442 participants completed the interview.

HT was defined as being positive for TPO-Ab or TG-Ab, with
TPO-Ab levels exceeding 9·0 IU/ml or TG-Ab levels exceeding
115·0 IU/ml(12). A total of 1043 participants with HT aged
18 years and above were included in the study. Participants with
missing data on dietary vitamin C intake (n 45), incomplete
thyroid function (n 2) and variables of interest, such as age, sex,
ethnicity, dietary Se intake, dietary vitamin D intake and urinary
iodine (n 24), were excluded in the final analysis. Pregnant
individuals or those with hyperthyroidism or thyroid cancer
(n 32) were also excluded.

Total vitamin C intake assessment

Two 24-h dietary recall interviews have been administered to
participants in each NHANES cycle since 2002. Following the
initial dietary interview, the second interviewwas carried out via
telephone 3–10 d later. The average of the two recall periods of
dietary vitamin C intake was utilised, and if only the first recall
data were available, they were used instead of the average.
Additionally, participants were interviewed about their vitamin C
intake from supplements, with two 24-h recalls being conducted.
The average of the two recalls of vitamin C intake from
supplements was also calculated if available. The total vitamin C
intake was determined by combining dietary and supplement
intake.

Thyroid function assessment

Detailed descriptions of thyroid function measurements can be
found at http://www.cdc.gov/nchs/nhanes/. According to the
official NHANES documentation, the normal reference range for
TSH is 0·34–5·6 μIU/ml. Based on this range, participants were
categorised as hypothyroid if their TSH values exceeded
5·6 μIU/ml without the use of antithyroid medication or if they
were currently taking levothyroxine or liothyronine, regardless
of their TSH levels. Participants who were taking methimazole
and propylthiouracil, regardless of their TSH values or those
with TSH levels less than 0·34 μIU/ml, were classified as

hyperthyroidism. Participants with TSH values within the normal
range and not receiving thyroid hormone replacement or
antithyroid medication were considered euthyroid.

Variables of interest

The categorical variables collected for analysis included sex, age
(≥ 60 years and< 60 years), ethnicity, smoking status (never,
former and current), alcohol status (never, former and current),
educational level (less than high school, high school and more
than high school), leisure-time physical activity, diabetes and
hypertension. Levels of leisure-time physical activity were
classified as none, insufficiently active (participating in leisure-
time moderate activity 1–5 times with metabolic equivalents of
3–6 per week or leisure-time vigorous activities 1–3 times with
metabolic equivalents> 6 per week) and active (with more
activities than insufficiently active)(13). A participant was
considered to have diabetes with any of the following: (1) if
he or she answered ‘yes’ to the question, ‘Doctor told you have
diabetes?’, (2) fasting glucose level≥ 126 mg/dl and (3) glycated
HbA1c≥ 6·5 %.

Other continuous variables included in the analysis were age,
BMI, total dietary and supplemental intake of vitamin D and Se
(calculated in the same manner as vitamin C), urinary iodine,
total cholesterol, TG, HDL-cholesterol, LDL-cholesterol and
creatinine.

Statistical analysis

Continuous variables were presented as means with SD if
normally distributed or medians with interquartile ranges if not
normally distributed. Categorical variables were expressed as
counts with weighted percentages. Wilcoxon rank-sum tests
were used to compare continuous variables between the
hypothyroid and euthyroid groups, and the Rao-Scott χ2 tests
to compare categorical variables. Total vitamin C intake was
categorised into quartiles. Thyroid function was also compared
between different quartiles of total vitamin C intake. Total
vitamin C intake, TG-Ab and urinary iodine data were log10
transformed due to their skewed distribution. To determine the
dose–response relationship between total vitamin C intake and
hypothyroidism among HT patients, we employed a restricted
cubic spline regression model with four knots (5th, 35th, 65th
and 95th percentiles). Extreme values of 1 %were excluded from
the model to minimise the potential impact of extreme outliers.

The OR and 95 % CI for hypothyroidism diagnosis were
calculated using multivariate logistic regression models accord-
ing to the total vitamin C intake quartiles among individuals with
HT. We constructed three models. No covariates were adjusted
in model 1. Model 2 was adjusted for age, gender and ethnicity.
Smoking status, drinking status, urinary iodine, TG-Ab levels and
diabetes were further adjusted in model 3. In all three models,
tests for linear trends were conducted by modelling the
categories as ordinal variables. We also carried out subgroup
analyses stratified by sex and age (≥60 years and<60 years). We
tested the robustness of the results with some sensitivity
analyses. First, we excluded those with extreme 1 % values of
total vitamin C intake as a sensitivity analysis. Second, a distinct
TPO-Ab cut-off point (TPO-Ab> 250 IU/ml)(10) for defining HT
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was utilised to establish the association between total vitamin C
intake and hypothyroidism in HT. A third sensitivity analysis was
conducted limited to those with normal TG-Ab levels to
eliminate the potential influence of the difference in TG-Ab
levels on the results. All statistical analyses were conducted with
R software (version 4·2·2). Differences were determined
statistically significant by two-sided P< 0·05.

Results

Population characteristics

We included 940 adults with HT in the final analysis (Fig. 1),
including 164 (19 %) participants with hypothyroidism. Table 1
summarises the differences in characteristics among participants
with hypothyroidism and euthyroidism. Compared with those
with euthyroidism, participants with hypothyroidism had a
lower level of total vitamin C intake (87 mg/d v. 119 mg/d), more
likely to be female (79 % v. 65 %), non-Hispanic White (88 % v.
77 %), had higher levels of TG-Ab (5 v. 1 IU/ml) and TSH (6·37 v.
2·17 μIU/ml) and a lower level of free triiodothyronine
(FT3; 2·90 v. 3·09 pg/ml). Participants with lower total vitamin
C intake were more likely to have hypothyroidism (online
Supplementary File 1: Table S1).

Relationship between total vitamin C intake and
hypothyroidism in Hashimoto thyroiditis

In restricted cubic spline regression, lower total vitamin C intake
(log10-transformed) was significantly associated with increased
odds of hypothyroidism after adjustment for potential con-
founders in HT (Poverall< 0·001, Pnonlinearity= 0·066, Fig. 2).
Table 2 shows the association of increasing total vitamin C intake
(lowest quartile as reference) with the odds of hypothyroidism in
HT. Univariable analysis showed that a higher total vitamin C
intake exhibited a significant association with lower odds of

hypothyroidism. This association remained after adjustment for
age, sex and race. Further adjustment for smoking and drinking
status, urinary iodine (log10-transformed), TG-Ab levels (log10-
transformed) and diabetes did not change the association
between total vitamin C intake and the odds of hypothyroidism
(v. the lowest quartile, the highest quartile, OR: 0·40; 95 % CI
0·18, 0·88, Ptrend= 0·027).

Subgroup and sensitivity analyses

The relationship between total vitamin C intake and hypothy-
roidism in HT was consistent in subgroups stratified by sex
(Pfor interaction= 0·084, Fig. 3(a)) or age (≥60 years and<60 years,
Pfor interaction= 0·330, Fig. 3(b)). A sensitivity analysis yielded
similar results when excluding participants with extreme 1 %
values of total vitamin C intake (online Supplementary File 1:
Table S2). This association remained using the cut-off point of
250 IU/ml for TPO-Ab level to define HT in another sensitivity
analysis (online Supplementary File 1: Table S3). The results
were also unchanged when limited to participants with normal
TG-Ab levels (online Supplementary File 1: Table S4).

Discussion

This study showed a significant inverse association between total
vitamin C intake (log10-transformed) and the occurrence of
hypothyroidism in HT patients in a linear dose–response
manner. Moreover, this association was consistent across sex
and age.

HT is a leading cause of hypothyroidism, and approximately
25 % of patients with HT eventually develop hypothyroidism(14).
The percentage of hypothyroidism in HT patients in our study
was 19 %, which is comparable with the above-mentioned
report. HT is usually treated with synthetic levothyroxine for life
to address the resulting hypothyroidism. It is believed that
oxidative stress contributes to the pathogenesis of autoimmune

Subjects of NHANES in 2007–2012

Excluded:

Subjects with TPO-Ab and TG-Ab

Excluded:

Excluded:

Subjects with HT (≥18 years)

(n 1043)

Included subjects with HT (≥18

years) (n 996)

Eligible participants for analysis

(n 940)

(n 30442)

negative or age <18 years

(n 29399)

Missing data on dietary Vitamin C

intake (n 45)

Missing data on covariates of

interest (n 24)

Pregnant or with hyperthyroidism

or thyroid cancer (n 32)

Incomplete thyroid function

data (n 2)

Fig. 1. Flowchart of study selection from NHANES 2007–2012. NHANES, National Health and Nutrition Examination Survey.
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Table 1. Baseline characteristics of participants with Hashimoto thyroiditis by hypothyroidism status
(Numbers and percentages; median values and interquartile ranges)

Hypothyroidism

Characteristic

Overall n 940 (100%) Yes n 164 (19%) No n 776(81%)

P†Median* IQR Median IQR Median IQR

Age (years) 52 40, 63 52 39, 64 51 40, 62 0·60

n % n % n %

Age group
<60 years 549 69% 89 65% 460 70% 0·50
≥60 years 391 31% 75 35% 316 30%

Sex 0·005
Female 614 68% 121 79% 493 65%
Male 326 32% 43 21% 283 35%

Race 0·009
Mexican American 152 7·1% 18 6·4% 134 7·2%
Other Hispanic 109 4·6% 18 2·4% 91 5·1%
Non-Hispanic White 522 79% 116 88% 406 77%
Non-Hispanic Black 103 4·3% 9 2·4% 94 4·7%
Other/multiracial 54 4·8% 3 1·2% 51 5·6%

Median IQR Median IQR Median IQR

BMI (kg/m2) 27 24, 32 28 23, 32 27 24, 32 >0·90

n % n % n %

Smoking status 0·70
Never smoke 510 55% 98 58% 412 55%
Former smoke 260 29% 34 25% 226 29%
Current smoke 140 16% 30 17% 110 16%

Alcohol status 0·80
Current drink 603 78% 106 78% 497 77%
Former drink 130 12% 24 10% 106 12%
Never drink 139 11% 28 12% 111 11%

Educational level 0·20
High school 223 25% 37 23% 186 25%
Less than high school 228 14% 30 11% 198 15%
More than high school 459 61% 94 66% 365 60%

Median IQR Median IQR Median IQR

Total VC intake(mg/d) 109 48, 215 87 45, 160 119 49, 228 0·018
Dietary VC intake(mg/d) 64 35, 117 62 36, 93 65 35, 121 0·40
Supplement VC intake(mg/d) 120 60, 500 90 60, 338 120 60, 503 0·089
Total vitamin D intake (mcg/d) 7·00 3·00, 18·00 8·00 3·00, 16·00 7·00 3·00, 18·00 0·90
Total Se intake (mcg/d) 110 80, 149 109 78, 152 111 81, 149 0·60
Urinary iodine(ug/l) 140 75, 259 129 71, 258 142 78, 259 0·40
Creatinine(mg/dl) 0·82 0·70, 0·94 0·82 0·69, 0·92 0·82 0·71, 0·94 0·30
HbA1c (%) 5·50 5·20, 5·80 5·40 5·10, 5·80 5·50 5·30, 5·80 0·090
TC (mg/dl) 199 174, 232 197 177, 238 199 173, 231 0·60
TG (mg/dl) 121 83, 192 128 88, 207 119 82, 191 0·30
HDL-cholesterol (mg/dl) 52 43, 65 53 41, 70 52 43, 64 0·90
LDL-cholesterol (mg/dl) 116 95, 141 112 97, 136 117 95, 141 0·80
TPO-Ab (IU/ml) 75 24, 266 103 41, 305 73 23, 261 0·11
TG-Ab (IU/ml) 2 1, 14 5 1, 45 1 1, 11 0·002
FT3 (pg/ml) 3·00 2·80, 3·30 2·90 2·70, 3·10 3·09 2·85, 3·30 0·002
FT4 (ng/dl) 0·80 0·70, 0·90 0·80 0·60, 0·94 0·79 0·70, 0·89 0·50
TSH (μIU/ml) 2·37 1·44, 3·81 6·37 2·05, 8·87 2·17 1·42, 3·24 <0·001

n % n % n %

Leisure-time PA >0·90
Active group 109 14% 19 14% 90 14%
Inactive group 518 45% 89 44% 429 45%
Insufficiently active group 313 41% 56 42% 257 41%

Diabetes 169 13% 25 10% 144 14% 0·40
Hypertension 364 33% 71 41% 293 31% 0·20

IQR, interquartile range; VC, vitamin C; HbA1c, glycated HbA1c; TC, total cholesterol; TPO-Ab, thyroid peroxidase antibodies; TG-Ab, thyroglobulin antibodies; FT3, free
triiodothyronine; FT4, free thyroxine; TSH, thyroid-stimulating hormone; PA, physical activity.
*Values were reported as medians (interquartile ranges) for continuous data and numbers (percentages) for categorical data.
†Wilcoxon rank-sum test for continuous variables and Rao-Scott χ2 test for categorical variables were conducted between groups.
The bold values represent statistically significant.
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disorders and chronic inflammation, as it promotes the synthesis
of autoantibodies and inflammatory responses(15–17). The
potential development of hypothyroidism in HT may be
influenced by increased oxidative stress, which has been shown
to induce apoptosis in thyroid follicular cells(18,19). Oxidative

stress can enhance the immunogenicity of thyroid-specific
antigens through the accumulation of excess hydrogen
peroxide, thereby intensifying the autoimmune response.
Furthermore, it upregulates the expression of intracellular
adhesion molecules and facilitates the infiltration of

Fig. 2. Association between total vitamin C intake and hypothyroidism among adults with Hashimoto thyroiditis. Restricted cubic spline regression model with four knots
(5th, 35th, 65th and 95th percentiles) was employed with age (continuous), sex (male or female), race (Mexican American, other Hispanic, non-Hispanic white, non-
Hispanic black or other race/multiracial), smoking status (never smoke, former smoke or current smoke), drinking status (never drink, former drink or current drink),
urinary iodine (continuous, log10 transformation), TG-Ab levels (continuous, log10 transformation) and diabetes (yes or no) adjusted. TG-Ab, thyroglobulin antibodies.

Table 2. Odds ratios (95% confidence intervals) for hypothyroidism according to quartiles of total vitamin C intake among adults with Hashimoto thyroiditis
(Odds ratio and 95% confidence intervals)

Model 1* Model 2 Model 3

OR 95% CI P P for trend OR 95% CI P P for trend OR 95% CI P P for trend

Quartile of total VC
(log10 transform) mg

0·014 0·008 0·027

Q1 (< 1·68) Ref Ref Ref
Q2 (1·68–2·04) 1·25 0·62, 2·54 0·50 1·14 0·55, 2·37 0·70 1·14 0·51, 2·55 0·70
Q3 (2·05–2·33) 0·93 0·52, 1·65 0·80 0·97 0·52, 1·84 >0·90 1·06 0·53, 2·12 0·90
Q4 (>2·33) 0·45 0·23, 0·86 0·017 0·40 0·21, 0·77 0·007 0·40 0·18, 0·88 0·023

VC: vitamin C; Ref: reference; TG-Ab: thyroglobulin antibodies.
*Model 1: no covariates were adjusted; model 2: age, sex and race were adjusted. Model 3: age, sex, race, smoking status, drinking status, urinary iodine (log10 transformation),
TG-Ab levels (log10 transformation) and diabetes were adjusted.
The bold values represent statistically significant.
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Fig. 3. Stratified associations between quartiles of total vitamin C intake and hypothyroidism among adults with Hashimoto thyroiditis by sex (a) and age (b). Adjusted for
age, sex, race, smoking status, drinking status, urinary iodine (log10 transformed), TG-Ab levels (log10 transformed) and diabetes. VC, vitamin C; TG-Ab, thyroglobulin
antibodies.
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inflammatory cells(7), ultimately resulting in the apoptosis and
necrosis of thyrocytes. Therefore, it is reasonable to imagine that
antioxidants may attenuate the deleterious effects of oxidative
stress in HT patients.

Vitamin C is a well-known antioxidant due to its robust ability
to eliminate free radicals such as hydroxyl, superoxide and
peroxyl radicals(20,21). Additionally, vitamin C exhibits anti-
inflammatory and immune support properties, which reduces
cell and organ damage(22). In boldenone undecylenate-treated
rodent models, there was a significant elevation in serum
pro-inflammatory factors, along with observed thyroid dysfunc-
tion characterised by elevated TPO-Ab and TSH levels, and
reduced FT3 and free thyroxine concentrations. However, the
administration of a daily dosage of vitamin C in conjunction with
boldenone undecylenate significantly improved immune param-
eters and thyroid function in rats(11). Our findings showed that
higher vitamin C intakes were significantly associated with
reduced odds of hypothyroidism among HT patients, suggesting
a potential benefit of vitamin C in this population. Due to the
cross-sectional study design, our study did not infer a causal
relationship between vitamin C intake and hypothyroidism in
HT. In addition, we acknowledge that our study did not test the
mechanism by which vitamin C affects thyroid health in patients
with HT. There are several possible protective mechanisms of
vitamin C in HT as follows: First, activation of the nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-κB) signal-
ing pathway can cause reactive oxygen species accumulation.
This process has a vital role in the pathogenesis of HT(23),
whereas vitamin C can inhibit NF-κB activation(21). Second, the
role of regulatory T cells (Tregs) in preventing autoimmunity and
maintaining immune homeostasis has been well established(24).
In animal model studies, deficiency of regulatory T cells may
induce lymphocytic infiltration within the thyroid gland, which
was associated with developing hypothyroidism(25). Several
studies have shown that vitamin C enhances the immuno-
suppressive effects of Tregs(26,27). Finally, recent studies have
shown that T helper 17 cells (Th17 cells) are closely related to the
pathogenesis of HT(28), and vitamin C can reduce the immune
response of Th17 cells and ameliorate the abnormalities of
thyroid function in chronic lymphocytic thyroiditis(29).

TPO-Ab is widely recognised as the most reliable serologic
indicator for the diagnosis of HT and is found to be positive in
95 % of HT patients(14). Moreover, this antibody has been
identified as a risk factor for progression to overt hypothyroidism
over time in HT(30). TG-Ab exhibits lower sensitivity and
specificity in HT. Our results showed that the serum level of
TPO-Ab in participants with hypothyroidism was higher than in
those with euthyroidism, but the difference did not reach
statistical significance. One plausible explanation is that the
hypothyroidism group included individuals with subclinical
hypothyroidism, which may reduce the difference in TPO-Ab
levels between the two groups. Karimi et al.(10) found a
significant reduction in TPO-Ab levels among patients with HT
after a 3-month intervention involving a daily intake of 500mg of
vitamin C. In contrast, our study revealed that the titers of TPO-
Ab did not exhibit a gradual decline with an increasing intake of
vitamin C, although the incidence of hypothyroidism did
decrease. Notably, Karimi et al. solely encompassed individuals

with TPO-Ab positivity, whereas our study included TPO-Ab- or
TG-Ab-positive participants. This discrepancy in inclusion
criteria may account for the different findings regarding the
association between vitamin C and TPO-Ab. Participants with
hypothyroidism had higher TG-Ab levels than those with
euthyroidism in our study. Considering the association of total
vitamin C intake with hypothyroidism in the HT population may
be influenced by higher TG-Ab levels, we not only adjusted for
TG-Ab levels in themain analysis but also performed a sensitivity
analysis by including only patients with normal TG-Ab levels.
The results did not change, suggesting that the relationship
between total vitamin C intake and hypothyroidism in HT was
not affected by differences in TG-Ab levels.

Previous studies have shown that women with HT were at
higher odds of developing hypothyroidism compared with
men(31,32). In addition to sex, age and race may also influence
thyrotropin levels(33). However, the race variable involved five
different strata. If subgroup analysis was performed separately, it
would lead to insufficient sample size in each stratum, thus
affecting the reliability of the results. Therefore, we did not
conduct subgroup analyses for the variable of race. The results of
our subgroup analyses suggested that sex and age did not affect
the relationship between total vitamin C intake and hypothy-
roidism among HT.

The median total vitamin C intake (containing dietary and
supplement intake) among the HT patients included in our study
was 109 mg, slightly surpassing the recommended intake
of 75 mg for women and 90 mg for men in the Dietary
Guidelines for Americans 2020–2025(34). Our study identified a
significant linear inverse association between total vitamin C
intake and hypothyroidism in patients with HT, with the
amount of total vitamin C intake ranging from 4·57 to
1258·9 mg/d (not exceeding the adult’s tolerable upper intake
level of 2000mg/d(35)). Based on this, an increase in the intake of
total vitamin C within 4·57–1258·9 mg/d may benefit HT.
As noted in one review, vitamin Cmay help counteract oxidative
stress and improve the prognosis of HT as an adjuvant
therapy(36).

The present study had several strengths. First, to our
knowledge, this is the first study to explore the association
between total vitamin C intake and hypothyroidism in
participants with HT. Second, our findings were based on a
nationally representative sample and adjusted for potential
confounding factors. Additionally, sensitivity analyses were
performed by eliminating the influence of extreme vitamin C
intake or inclusion of HT defined by a different TPO-Ab cut-off
on the results. However, some limitations were also present in
our research. First, NHANES did not provide serum vitamin C
data for these cycles, and we used the dataset of dietary and
supplemental vitamin C intake obtained through two 24-h recall
interviews, which may be subject to recall bias. Furthermore,
dietary and supplemental vitamin C intake may not always
reflect actual serum vitamin C levels because the bioavailability
of dietary nutrients varies among individuals. Third, the dataset
used in this study was obtained from NHANES 2007 to 2012
cycle, and dietary habits and nutritional intake may have
changed over time. Therefore, our study suffered from some
temporal bias. Fourth, the definition of HT is currently limited to
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the presence of serum TPO-Ab and TG-Ab, without information
on the appearance of thyroid sonogram. However, approx-
imately 5–10 % of HT cases are seronegative(33), potentially
leading to some HT patients’ exclusion, which may result in an
underestimation of the relationship between vitamin C intake
and hypothyroidism. Finally, the cross-sectional design limited
the determination of causal effects. In the future, we can further
observe the incidence of hypothyroidism by following up with
the HT cohorts (with euthyroidism) with different serum vitamin
C levels to test the possible role of vitamin C in HT.

In conclusion, this study showed that increasing total vitamin
C intake was associated with lower odds of hypothyroidism in
HT. Our findings may provide new insights into the potential
protective role of vitamin C in HT. Further studies are needed to
examine the benefit of total vitamin C intake in this population.
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