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Abstract
Gut microbiota has a close connection to different thyroid disorders, yet research 
on its links to subclinical hypothyroidism (SCH) remains limited and insufficient. 
In this study, we explored the potential relationship between the gut microbiota 
and SCH, as well as dyslipidemia in SCH mice. The SCH mouse model was in-
duced using methimazole. The composition of the gut microbiota from mice was 
then analyzed through 16S rRNA gene sequencing technology. An antibiotic dis-
ruption experiment was used to assess how gut microbiota imbalance impacts 
thyroid function. The SCH mouse models were constructed and accompanied 
by significant dyslipidemia. The results revealed no significant differences in the 
Firmicutes to Bacteroidota ratio or α-diversity in gut microbiota from SCH and con-
trol mice, and in β-diversity, there was a noticeable but small difference between 
the groups. 14 differential genera between the two groups identified through LEfSe 
analysis were significantly correlated with serum lipid levels. Furthermore, the 
results of the antibiotic disruption experiment demonstrated that gut microbiota 
imbalance exacerbated the hypothyroidism in mice. The present results suggest 
that subclinical hypothyroidism has not yet caused significant changes in gut mi-
crobiota homeostasis, but gut microbiota plays an important role in regulating thy-
roid function and is closely associated with dyslipidemia in SCH. This study could 
help understand the relationship between gut microbiota and SCH, and offer new 
perspectives on dyslipidemia management in SCH.
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1   |   INTRODUCTION

Subclinical hypothyroidism (SCH) is a common, mild 
thyroid dysfunction disorder, characterized by raised 
serum thyroid stimulating hormone (TSH) levels, while 
serum free thyroxine (FT4) levels remain normal. The 
prevalence of SCH varies widely across studies, from 4% 
to 20%, and is more common in females, older individ-
uals, and those in iodine-deficient regions.1–4 Patients 
with SCH manifest insidious clinical symptoms and are 
biochemically diagnosed solely based on thyroid func-
tion tests. Furthermore, the process of subclinical hypo-
thyroidism is often accompanied by dyslipidemia, such 
as increasing levels of total cholesterol (TC), triglycerides 
(TG), and low-density lipoprotein cholesterol (LDL-
C).5–7 Previous research has demonstrated that SCH ele-
vates the risk of cardiovascular diseases and serves as an 
independent risk factor for atherosclerosis and myocar-
dial infarction in elderly women.8,9 Therefore, it is cru-
cial to monitor and address the progression of subclinical 
hypothyroidism.

Numerous studies have revealed that gut microbiota 
has a relationship with various diseases in human.10–12 
Thyroid hormone can target the gut, and gut microbiota is 
essential for peripheral thyroid hormone metabolism.13,14 
Previous research has shown that gut microbiota is associ-
ated with a variety of thyroid diseases, such as Graves' dis-
ease, Hashimoto's thyroiditis, and thyroid cancer, among 
others, and has put forward the concept of the “gut-thyroid 
axis.”15–17 Nevertheless, studies investigating gut microbi-
ota in SCH remain scarce and are predominantly observa-
tional research in the diseased state.18–20 For example, Yao 
et al. found that the L-thyroxine dose required to main-
tain stable TSH levels in SCH patients might be associated 
with the composition of gut microbiota.18 Interestingly, an 
animal study involving surgery-induced hypothyroidism 
(SHO) rats found that the gut microbiota of the SHO group 
showed clear clustering, distinctly separate from the sham 
operation (SHAM) group at week 4 after thyroidectomy 
(overt hypothyroidism), but returned to a dispersed pat-
tern, closely aligning with the SHAM group at week 7 after 
thyroidectomy (subclinical hypothyroidism).20 Therefore, 
the relationship between gut microbiota and SCH, a mild 
form of thyroid dysfunction, especially the role of gut mi-
crobiota in SCH, merits further investigation to advance 
the understanding of the “gut-thyroid axis.”

Additionally, many studies have demonstrated that 
thyroid hormone and TSH are important regulatory fac-
tors in the regulation of lipid metabolism.6 At present, the 
relevant mechanism studies for dyslipidemia in hypothy-
roidism mainly focus on the related pathways of thyroid 
hormone and TSH. Notably, a larger number of studies 
have shown that gut microbiota is closely associated with 

hyperlipidemia and is essential for regulating lipid metab-
olism.21,22 Moreno-Indias et  al. found that patients with 
metabolic syndrome, which was characterized by hyperlip-
idemia, had higher levels of LPS-producing bacteria (like 
Escherichia coli and Enterobacter cloacae) and lower levels 
of potential probiotics (such as Faecalibacterium prausnit-
zii, Bifidobacterium, and Lactobacillus) in their feces com-
pared with healthy individuals.23 Gargari et al. observed 
that alterations in lipid levels were associated with changes 
in certain bacterial groups, including Lachnospiraceae, 
Ruminococcaceae, Akkermansia, Bacteroides, Roseburia, 
and Faecalibacterium, in children and adolescents with 
primary hyperlipidemia.24 Studies using probiotics or 
fecal microbiota transplantation (FMT) provide compel-
ling evidence for the involvement of gut microbiota in 
regulating lipid metabolism. A study of 70 healthy adults 
found that daily Lactobacillus plantarum Q180 supple-
ments could significantly improve post-meal blood lipid 
levels (including LDL-C and TC) by altering the compo-
sition of gut microbiota.25 Similarly, another clinical trial 
revealed that the combination of three Lactobacillus plan-
tarum strains effectively reduced TC levels in patients.26 
A recent animal study demonstrated that the FMT from 
Paeoniflorin-treated hyperlipidemic mice improved lipid 
metabolism disorder and mitigated liver lipid accumula-
tion and damage in hyperlipidemic mice.27 These studies 
hint that gut microbiota may be involved in the alteration 
of serum lipid levels in SCH individuals, which has not 
been verified.

Therefore, in the present study, we utilized a chemi-
cally induced SCH mouse model combined with antibiotic 
disruption to study the connection between the intestinal 
flora and subclinical hypothyroidism as well as dyslipid-
emia in SCH.

2   |   MATERIALS AND METHODS

2.1  |  Animal

Female BALB/c mice aged six to eight weeks were pur-
chased and raised in Shanghai Tenth People's Hospital's 
Animal Experiment Center. All animal were raised in a 
temperature and humidity-controlled laminar flow room 
under a 12-h light/dark cycle, and they were allowed to 
eat and drink as they pleased. In order to construct the 
SCH mouse model, drinking water was treated with me-
thimazole (MMI, 75 mg/L) for 12 weeks. A combination 
of MMI (75 mg/L), polymyxin B (75 mg/L), and neomy-
cin (150 mg/L) was continuously added to the drinking 
water for 12 weeks in the antibiotic disruption experi-
ment. Shanghai Tenth People Hospital's Animal Ethics 
Committee approved these experiments according to the 
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Guidelines for the Care and Use of Laboratory Animals 
(approval no. SHDYY-2021-2801).

2.2  |  Sample collection

Following 12 weeks of experimental intervention, the 
fecal sample of each mouse was collected individually and 
promptly kept at −80°C. Mice were anesthetized after fast-
ing for 6 h. Subsequently, blood samples were obtained by 
removing the eyeballs of anesthetized mice, followed by 
swift cervical dislocation to euthanize the mice. To isolate 
serum, collected whole blood was centrifuged for 10 min 
at 4°C at 3000 rpm after being clotted at room temperature 
for 1 h and finally stored at −80°C to be analyzed further.

2.3  |  Serum biochemical analysis

Serum levels of TSH and FT4 were quantified using mouse 
TSH and mouse FT4 ELISA kits, respectively, as per the 
manufacturer's protocols. Additionally, liver function 
parameters (including alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST)) and lipid profiles 
(TC, TG, LDL-C, and high-density lipoprotein cholesterol 
(HDL-C)) were measured in mouse serum using the cor-
responding assay kits as directed by the manufacturer.

2.4  |  16S ribosomal RNA (rRNA) gene 
sequencing

TGuide S96 magnetic bead soil/fecal genomic DNA ex-
traction kit was used to extract the DNA in the fecal 
samples, and DNA concentration was assessed by a mi-
croplate reader. Subsequently, PCR was used to carry out 
the full-length 16S rRNA gene using the primer 16S_27F 
(5′-AGRGTTTGATYNTGGCTCAG-3′) and 16S_1492R 
(5′-TASGGHTACCTTGTTASGACTT-3′). The PCR re-
actions employed KOD-FX-Neo DNA polymerase. The 
PacBio SMRTbell Template Prep Kit (PacBio, USA) was 
used to construct a sequencing library after the purifica-
tion, quantification, and homogenization of PCR prod-
ucts. Finally, at Shanghai Baiqu Biomedical Technology 
Co., LTD, the PCR products derived from all fecal samples 
were sequenced on the PacBio Sequel II platform.

2.5  |  Bioinformatic analysis of 
sequencing data

The original sequencing data were identified by barcode 
sequence using lima (v 1.7.0) software, and underwent 

length-based filtering using cutadapt (version 1.9.1) and 
the elimination of chimeric sequences using UCHIME (v 
4.2) software, resulting in high-quality sequencing data 
suitable for subsequent analysis. By computing 97% sim-
ilarity between sequences, USEARCH software (v 10.0) 
demultiplexed and clustered them into operational taxo-
nomic units (OTUs). Taxonomic information of OTUs 
were conducted using the SILVA database (release138). 
A software package called Quantitative Insights into 
Microbial Ecology (QIIME 2) (https://​qiime2.​org/​) was 
used to assess both alpha (α) diversity and beta (β) diver-
sity. Based on the weighted and unweighted algorithms, 
β-diversity analysis was visualized using non-metric 
multidimensional scaling (NMDS) or principal coordi-
nate analysis (PCoA). The unweighted algorithms (bi-
nary Jaccard distance and unweighted Unifrac distance) 
consider species presence/absence, while the weighted 
algorithms (Bray-Curtis distance and weighted Unifrac 
distance) account for species abundance alongside pres-
ence/absence. Furthermore, this study used linear discri-
minant analysis (LDA) effect size (LefSe) to identify taxa 
exhibiting dissimilar relative abundances among groups.

2.6  |  Statistical analysis

Unless specified, data are presented as means ± stand-
ard error of the mean (SEM). The Shapiro–Wilk normal-
ity test was used to test the normality of data. Statistical 
significance between the two groups was assessed using 
the independent sample t-test for normal data (TSH, 
FT4, AST, TG, LDL-C, HDL-C, Chao1 index, Ace index, 
and Shannon index) and the Mann–Whitney U test 
for non-normal data (ALT, TC, and Simpson index). 
ANOVA with one-way differences was used for mul-
tiple group comparisons, followed by the LSD test for 
post hoc comparisons. For the correlation analysis, 
correlations between the relative abundance of genera 
and serum biochemical indexes were conducted using 
Spearman correlation analysis; the results were visual-
ized as a heatmap using the corrplot package (v.0.84) in 
R software (v.3.6.3). Correlations between α-diversity in-
dices (Chao1 index, Ace index, Shannon index, Simpson 
index) and serum biochemical indices (TSH, FT4, TC, 
TG, LDL-C, HDL-C) were analyzed using Pearson cor-
relation analysis, except for the correlation between TC 
and α-diversity indices or between the Simpson index 
and serum biochemical indices, which used Spearman 
correlation analysis. It was assumed that a statistically 
significant difference could be determined if the p-value 
is less than .05. Unless otherwise specified, analyses 
were conducted with IBM SPSS 26.0 for Windows (IBM 
Corp, Armonk, NY, USA).

https://qiime2.org/
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3   |   RESULTS

3.1  |  Serum biochemical indices in mice 
with subclinical hypothyroidism

Subclinical hypothyroidism was induced chemically by 
MMI. As expected, after 12 weeks of MMI administration, 
the MMI and control groups did not differ significantly 
in serum FT4 levels, whereas the MMI group was mark-
edly increased in serum TSH level (p < .05), indicating 
subclinical hypothyroidism (Figure  1A,B). The relevant 
data shown in Table 1 partially reflect that the extent of 
injury in thyroid function within the MMI group is con-
sistent. Notably, the MMI group had higher lipid levels 

in comparison with the control group (Figure  1E–H). 
Furthermore, considering that long-term MMI adminis-
tration may cause liver injury in mice, the liver function 
indices in the two groups were evaluated. The results in-
dicated that there were no significant differences in serum 
AST or ALT levels between the two groups (Figure 1C,D). 
Thus, the SCH mouse model was successfully and safely 
conducted by a chemical-induced method and accompa-
nied by dyslipidemia.

3.2  |  Gut microbiota composition in 
SCH mice

Gut microbiota composition was analyzed using fecal 
samples from mice in two groups. OTU cluster analy-
sis identified 555 OTUs across all samples, with 486 of 
them being shared by the two groups and 39 in the MMI 
group being unique (Figure  S1). A rarefaction curve 
confirmed that the sequencing data were adequate to 
reflect the species diversity and richness in the samples 
(Figure S2). Based on taxonomic annotation, Firmicutes 
and Bacteroidota emerged as the dominant phyla 
(Figure  2A and Figure  S3). Interestingly, neither their 
relative abundances nor the relative abundance ratio of 
Firmicutes and Bacteroidota (F/B ratio) differed statisti-
cally between groups (Figure  2B–D). α-diversity shows 

F I G U R E  1   Serum biochemical indices in mice following a 12-week chemical induction with methimazole (MMI). (A and B) Thyroid 
function parameters (serum FT4 and TSH levels). (C and D) Liver function indices (serum AST and ALT levels). (E–H) Lipid profiles (serum 
TG, TC, LDL-C, HDL-C levels). Data were presented as mean ± SEM (n = 7). ns, not statistically significant; *p < .05; **p < .01.

T A B L E  1   The serum FT4 and TSH levels of the control and 
MMI groups.

Control group 
(n = 7)

MMI group 
(n = 7) p-value

FT4 (pmol/L) 22.86 ± 3.52 
(19.06–27.04)

23.17 ± 3.67 
(17.51–28.63)

.881

TSH (mU/L) 9.18 ± 1.77 
(6.65–11.30)

11.60 ± 1.84 
(8.93–13.75)

.027

Note: The data were presented as means ± standard deviation (minimum-
maximum). The bolded value indicates that the p-value is less than 0.05.
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species abundance and diversity in the gut microbial 
community of samples. As shown in Figure 2E,F, ACE 
index and Chao 1 index, which all reflect species rich-
ness, indicated increasing trends in SCH mice relative to 
control mice, though these differences did not reach sta-
tistical significance. Simpson index and Shannon index, 
reflecting species diversity, also did not observe any 
marked differences between the groups (Figure  2G,H). 
β-diversity of gut microbiota between the two groups was 
conducted using NMDS analysis based on the weighted 
and unweighted algorithms (Figure  2I–L). The stress 
values of all four algorithms were below 0.2, which sig-
nified that the results of NMDS analysis were reliable. 
ANOSIM analysis indicated significant differences in 
β-diversity between groups compared to within groups 

(Figure  S4). Notably, an ANOSIM analysis using Bray-
Curtis distance produced the highest R value (R = .39), 
highlighting that gut microbiota β-diversity differences 
between groups were influenced largely by species abun-
dance, but the differences were not large enough. These 
findings indicated that subclinical hypothyroidism did 
not lead to noticeable alterations in the gut microbiota 
balance in mice.

3.3  |  Screening for differential 
microbiota between the two groups

To further assess the effect of subclinical hypothyroid-
ism on gut microbiota, differential microbiota among 

F I G U R E  2   Taxonomic annotation and the diversity analysis of gut microbiota from MMI and control groups (n = 7). (A) Phylum-
level relative abundance of intestinal flora. Two dominant phyla were highlighted in red rectangles. (B–D) The relative abundance of 
two dominant phyla, including Firmicutes (B) and Bacteroidota (C), and F/B ratio (D). (E–H) A comparison of the α-diversity indices 
(Chao1, ACE, Simpson, and Shannon) among two groups of gut microbes. (I–L) The NMDS analysis based on binary Jaccard distance (I), 
unweighted Unifrac distance (J), Bray-Curtis distance (K), and weighted Unifrac distance (L).
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the groups at different taxonomic levels was determined 
by LEfSe analysis (Figure  3). Five differential families 
and 14 differential genera between the two groups were 
identified in this study. Specifically, at the family level, 
SCH mice exhibited enrichment in 4 families while the 
control mice had enrichment in Bacteroidaceae. At the 
genus level, 9 genera including Eubacterium_siraeum, 
Prevotellaceae-NK3B31, Parasutterella, Faecalibaculum, 
and Eubacterium_ruminantium had higher abundances 
in the SCH mice, whereas 5 genera, including Bacteroides, 
had lower abundances compared with the control group.

3.4  |  Correlations between gut 
microbiota composition and biochemical 
indices in mice

In the next step, we explored the correlations between dif-
ferential genera identified by LEfSe analysis and the indices 
of thyroid function and lipid profiles in serum (Figure 4). 
We found that the relative abundances of differential gen-
era showed no significant correlation with FT4 and TSH 
levels (Figure  4A, all p > .05). Interestingly, serum lipid 
profiles exhibited markedly significant correlation with 
the relative abundance of multiple differential genera. 
Specifically, Eubacterium_siraeum and Prevotellaceae_
NK3B31 were positively related to serum TC, TG, LDL-
C, and HDL-C levels. Also, Eubacterium_ruminantium, 
Parasutterella, and Faecalibaculum showed significant 
positive correlations with TC and HDL-C levels in serum. 
However, Bacteroides was observed to be negatively asso-
ciated with lipid profiles. Moreover, the ACE index and 
Chao1 index, which both reflect species richness, showed 
significant positive correlations with serum TC levels, but 
not the Simpson index and Shannon index, which reflect 
species diversity (Figure 4B–E). Nevertheless, we did not 
observe that thyroid function indices (FT4 and TSH) and 
other serum lipid indices (TG, LDL-C, and HDL-C) were 
markedly related to α-diversity indices of gut microbiota 
(data not shown). Based on these findings, the alteration 
in gut microbiota abundance may be closely linked to dys-
lipidemia associated with subclinical hypothyroidism.

3.5  |  The effect of intestinal microbiota 
imbalances on thyroid function in mice

For investigating  futher the relationship between thyroid 
function and gut microbiota, Polymyxin B and neomycin, 
non-absorbable antibiotics known to deplete gut bacteria, 
were given to mice.28 As expected, antibiotic administra-
tion significantly disrupted the gut microbiota balance 
of mice (Figure  5A–D and Table  S1). The F/B ratio is 

commonly used as one of the indexes for reflecting intesti-
nal microbiota homeostasis.29 Compared with the control 
group, the F/B ratio in the MMI combined with antibiotic-
disturbed (ABXMMI) group had a substantially decreased 
trend (p = .06) and that in the MMI group did not signifi-
cantly change (Figure 5B). What's more, the analysis and 
visualization of β-diversity using PCoA analysis revealed 
a clear difference between the ABXMMI group and the 
other two groups (Figure 5C,D). Unweighted pair group 
method with arithmetic mean (UPGMA) also showed 
similar results (Figure S5). Crucially, in comparison with 
the control group, decreased FT4 levels and increased 
TSH levels were observed in the ABXMMI group (all 
p < .05), manifesting overt hypothyroidism in these mice. 
Compared with the MMI group, which presented subclin-
ical hypothyroidism, the serum FT4 level in the ABXMMI 
group exhibited a decreasing trend, and the serum TSH 
level exhibited an increasing trend, although these differ-
ences did not reach statistical significance. These findings 
suggested that intestinal microbiota imbalances exacer-
bated hypothyroidism, strongly proving that gut microbial 
dysbiosis can affect thyroid function.

4   |   DISCUSSION

Gut microbiota is a complex and diverse microbial com-
munity closely associated with various thyroid disorders. 
In our study, mice treated with MMI exhibited unchanged 
serum FT4 levels but had elevated serum TSH levels and 
lipid profiles, indicating subclinical hypothyroidism. 
Although significant changes in gut microbiota balance 
were not observed in SCH mice, differential genera be-
tween the two groups were closely linked to serum lipid 
levels. Notably, gut microbiota imbalance following anti-
biotics disruption exacerbated hypothyroidism, suggesting 
that gut microbiota plays an important role in regulating 
thyroid function, and its alteration may be related to the 
degree of thyroid dysfunction.

The F/B ratio characteristically reflects whether in-
testinal flora is unbalanced and is typically stable in the 
normal population but alters in patients with various en-
docrine disorders.30–32 Su et al. found a significantly higher 
F/B ratio in patients with primary hypothyroidism com-
pared with the healthy controls.33 Nevertheless, the F/B 
ratio in the SCH mice only showed an increasing trend in 
our study (p > .05). This discrepancy might be attributed to 
the varying degrees of hypothyroidism. In addition, the α-
diversity analysis revealed that the ACE index and Chao 1 
index in SCH mice exhibited increasing trends compared 
with normal mice, though without statistical significance, 
which is in line with the previous study in SCH rats after 
subtotal thyroidectomy.20 Interestingly, a previous study 
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F I G U R E  3   The differential microbiota at various taxonomic levels between two groups was determined by LEfSe analysis (LDA value 
>3, p < .05). (A) The evolutionary branch diagram. (B) The LDA value distribution histogram.
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found that the ACE index and Chao 1 index in primary 
hypothyroidism patients elevated compared with normal 
controls.33 These results implied that subclinical hypothy-
roidism might first manifest as changes in gut microbiota 

species richness. The Simpson index and Shannon index 
were not markedly different between SCH and control 
mice, indicating that subclinical hypothyroidism has not 
yet significantly impacted gut microbiota species diversity. 

F I G U R E  4   The Spearman correlation analysis between gut microbiota and biochemical indices. (A) The heatmap showed the 
correlation between 14 differential genera and serum biochemical indices (including thyroid function indices and lipid profiles). (B–E) An 
analysis of the correlation between TC level in serum and gut microbiota α-diversity indices. The correlation coefficient r > .3 for the small 
cell with the significance mark (* or **) in the heatmap. *p < .05; **p < .01.
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The NMDS and ANOSIM analyses confirmed that gut 
microbiota β-diversity in SCH mice significantly differs 
compared with the control group, primarily due to differ-
ences in species richness. Nevertheless, considering that 
β-diversity difference between the two groups was not 
sufficiently large (R = .39), we propose that subclinical 

hypothyroidism, characterized by mildly abnormal thy-
roid function, may not yet cause significant alterations 
in gut microbiota homeostasis but rather only affect the 
relative abundance of specific intestinal floras. Further 
longitudinal studies in mice or patients are needed to sub-
stantiate this conclusion.

F I G U R E  5   The composition of gut microbiota and thyroid function indices in three groups (n = 5–6). (A) Phylum-level relative 
abundance of intestinal flora (the detailed information about each phylum in the three groups is shown in Table S1). (B) F/B ratio. (C and D) 
PCoA analysis based on binary Jaccard distance (C) and Bray-Curtis distance (D). (E and F) FT4 (E) and TSH (F) levels. ns, not statistically 
significant; *p < .05; **p < .01.
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In this study, nine genera enriched in the subclinical 
hypothyroidism group were identified by LEfSe anal-
ysis, including Eubacterium_siraeum, Parasutterella, 
Eubacterium_ruminantium, and Faecalibaculum. The 
abundance of Eubacterium_siraeum markedly elevated 
in patients with type I diabetes and severe irritable bowel 
symptoms, suggesting its increased abundance may be as-
sociated with gastrointestinal symptoms in endocrine dis-
orders, including SCH.34,35 Previous research found that 
Parasutterella abundance was elevated in patients with 
Hashimoto's thyroiditis with hypothyroidism.36 Previous 
research found that the abundance of Parasutterella and 
Eubacterium_ruminantium positively related to the se-
verity of malaise and constipation in thyroid carcinoma 
patients after thyroidectomy and accompanied by hy-
pothyroidism.37 Faecalibaculum abundance was found 
to be reduced in Hashimoto's thyroiditis and differenti-
ated thyroid carcinoma patients, which is inconsistent 
with our findings.16,37 However, Ye et  al. observed that 
Faecalibaculum abundance was related to both weight 
gain and dyslipidemia in mice administered high-fat 
diets, suggesting a possible link between Faecalibaculum 
and dyslipidemia due to subclinical hypothyroidism.38 In 
brief, these genera enriched in the SCH mice deserve at-
tention and should be studied further.

A previous clinical study explored the relationship be-
tween subclinical hypothyroidism and dyslipidemia from 
the perspective of gut microbiota.18 The results did not 
find a significant correlation between dyslipidemia and 
gut microbiota in SCH patients. However, their study 
population, with a higher average age (64.0 ± 8.3 years), 
included patients who had been treated with L-thyroxine 
and those with concomitant hypertension and diabetes. 
The lipid data of the study subjects might have been 
affected by drug interventions such as metformin or 
glipizide. To minimize the influence of other factors on 
dyslipidemia, we constructed the SCH mouse model and 
rigorously investigated the relationship between intesti-
nal flora and dyslipidemia in subclinical hypothyroidism. 
Our correlation analysis revealed that differential gen-
era abundances between the two groups did not signifi-
cantly correlate with the serum FT4 and TSH levels in 
mice, which suggests that the thyroid function alteration 
in SCH is not a major factor influencing gut microbiota 
differences between the groups. Notably, there were close 
relationships between the abundances of differential gen-
era and serum lipid levels. It has been reported that the 
alteration of lipid metabolism promotes the development 
of metabolic obesity, and Eubacterium_siraeum may be 
involved in the development of metabolically healthy 
obesity.39 Our study also revealed that Eubacterium_sir-
aeum relative abundance was related positively to serum 
TC and TG levels, further verifying its relationship with 

lipid metabolism. Furthermore, a study about thyroidec-
tomized patients with hypothyroidism also indicated that 
Eubacterium_ruminantium abundance was positively re-
lated to TC and LDL-C levels in serum.37 A previous study 
showed that Parasutterella abundance was related to the 
activation of the fatty acid synthesis pathway and de-
creased during weight loss intervention, which coincides 
with our finding that Parasutterella abundance was posi-
tively associated with serum TC levels.40 Faecalibaculum 
abundance was related positively to serum TC, TG, and 
LDL-C levels in obese mice; a similar positive correla-
tion was found in SCH mice in our study.38 Bacteroides 
is a common genus of intestinal flora, and its abundance 
was observed to have a marked correlation with lipid lev-
els in our study. A study demonstrated that body weight 
and lipid profile were reduced in hyperlipidemic rats 
after oral administration of Bacteroides vulgatus.41 The 
previous study showed that statin intolerance was more 
prevalent in hypothyroidism patients.42 A clinical study 
reported that the serum TSH level and lipid levels of 
pregnant women significantly reduced after treatment 
with probiotics and prebiotics, manifesting the feasibil-
ity of probiotics for treating SCH and dyslipidemia.43 
Therefore, a probiotic complex containing Bacteroides 
may be a novel, safe, and effective lipid-lowering treat-
ment. In addition, our study found that serum TC lev-
els had a significant positive correlation with indicators 
reflecting gut microbiota species richness, including the 
ACE index and Chao1 index. This suggests that gut mi-
crobiota abundance alteration may partly contribute to 
abnormal serum TC levels in subclinical hypothyroid-
ism. Altogether, the gut microbiota species richness and 
certain flora abundance in subclinical hypothyroidism 
are closely associated with dyslipidemia. These findings 
provide new lights into improving dyslipidemia in SCH 
patients. We need to conduct more clinical and animal 
research in the future to validate our findings and explore 
the underlying mechanisms.

Gut microbiota participated in thyroid hormone ho-
meostasis, including the enterohepatic cycle, iodothy-
ronine metabolism, and absorption of oral thyroxine.13,44 
Vought et  al. explored the influence of the alteration in 
the intestinal flora on iodine absorption by administer-
ing kanamycin, a non-absorbable oral antibiotic, to rats.45 
Compared with controls, rats treated with kanamycin for 
42 and 72 days had a lower three-hour thyroidal radioio-
dine uptake. DiStefano et al. demonstrated reversible bac-
terial binding of triiodothyronine and thyroxine in normal 
rats' feces and cecum contents, which reduced or even 
eliminated in rats treated with antibiotics, indicating that 
gut microbiota might serve as a reservoir for thyroid hor-
mones.46 Additionally, Rutgers et al. found that the pres-
ence of intestinal flora in rats might facilitate reabsorption 



      |  11 of 13WANG et al.

of triiodothyronine after hydrolysis.47 Researchers have 
detected type II iodothyronine 5′-monodeiodinases within 
the human intestine, adding to the evidence supporting 
gut microbiota's involvement in thyroid hormone me-
tabolism.48 Interestingly, a clinical study indicated that 
the L-thyroxine dose to keep the levels of TSH in serum 
steady in patients with subclinical hypothyroidism was re-
lated to gut microbiota composition.18 Spaggiari et al. re-
ported that the VSL#3® probiotic supplementation could 
reduce the frequency of L-thyroxine dosage adjustments 
and prevent fluctuations in serum thyroid hormone lev-
els.49 In our study, we used Polymyxin B and neomycin, 
non-absorbable antibiotics, to deplete gut bacteria. The 
results showed no statistically significant differences in 
serum FT4 and TSH levels between the ABXMMI and 
MMI groups. This suggests that gut microbiota imbalance 
alone may not significantly alter thyroid function within 
12 weeks. Similarly, Moshkelgosha et  al. found that the 
administration of vancomycin alone in mice, which is not 
readily absorbed, disturbed the gut microbiota homeosta-
sis but did not significantly change the serum level of total 
thyroxine.50 However, compared with the MMI group, the 
ABXMMI group showed a decreasing trend in the serum 
FT4 level and an increasing trend in the serum TSH level, 
leading to overt hypothyroidism in the ABXMMI mice and 
indicating a more severe condition than subclinical hypo-
thyroidism observed in MMI-treated mice. These findings 
showed that gut microbiota imbalance exacerbated hypo-
thyroidism in MMI-induced mice, providing further direct 
support for the idea that gut microbiota regulates thyroid 
hormone homeostasis.

In conclusion, this study could help further under-
stand the relationship between gut microbiota and sub-
clinical hypothyroidism, and provide new insights for 
the adjuvant management of this disease. Our findings 
indicated that subclinical hypothyroidism, characterized 
by mildly abnormal thyroid function, had not yet signifi-
cantly altered gut microbiota homeostasis, but the imbal-
ance of gut microbiota aggravated hypothyroidism. These 
results manifest that gut microbiota plays an essential role 
in the development of the thyroid dysfunction disease. 
Moreover, our research uncovered an association between 
gut microbiota and dyslipidemia in SCH, pointing us to-
ward new avenues for the mechanism research of dys-
lipidemia in subclinical hypothyroidism. However, this 
study is still exploratory research. More animal studies 
and large-sample, multicenter clinical trials are required 
to validate these findings in the future. Furthermore, the 
role of gut microbiota on thyroid function warrants fur-
ther investigation. In the future, we will conduct more ex-
periments, such as antibiotic withdrawal experiments and 
appropriate probiotics supplementation, to dig deeper into 
this project.
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