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Abstract
Background: Polycystic ovary syndrome (PCOS) and hypothyroidism are endocrine and metabolic
disorders. Hypothyroidism has been found to be related to changes in blood lipids and insulin
insensitivity. However, the relationship between subclinical hypothyroidism (SCH) and endocrine
disorders in PCOS patients remains unclear. The incidence of SCH in PCOS patients is increasing.
Metabolomics methods have been used to investigate the differences in metabolites and metabolic
pathways between normal body weight and overweight (not obese) PCOS patients with SCH.
Understanding the association between PCOS and SCH can guide diagnosis and treatment.

Methods: We performed an untargeted serum metabolomics analysis in 62 PCOS patients. From 38
PCOS patients with SCH, 24 were selected and divided into the overweight (n = 13) and normal weight (n
= 11) groups. Differential metabolites were identi�ed using ultra-high-performance liquid
chromatography–quadrupole time-of-�ight mass spectrometry analysis. The signi�cance of metabolites
was evaluated by calculating the variable importance in projection score (> 1 and P < 0.01) from partial
least squares discriminant analysis (PLS-DA) and orthogonal PLS-DA models. Kyoto Encyclopedia of
Genes and Genomes pathway analysis was conducted to investigate the metabolomic pathways. P <
0.05 (Fisher’s exact test) was considered statistically signi�cant.

Results: In PCOS patients with SCH, signi�cant differences in body weight, right ovary volume,
homeostasis model assessment for insulin resistance value, insulin level at 2 h after a meal, and
triglyceride level were observed between the overweight and normal weight groups. Twenty-six different
metabolites were identi�ed, mainly fatty acids and phosphatidylcholines, to have signi�cantly levels in
overweight patients with SCH. Moreover, 18 enriched metabolic pathways were identi�ed, mainly
biosynthesis of fatty acids and unsaturated fatty acids, digestion and absorption of proteins, aminoacyl-
tRNA biosynthesis, and ATP-binding cassette (ABC) transporters.

Conclusion: The interaction between body mass index and thyroid-stimulating hormone affects the
metabolic status of PCOS patients. Overweight PCOS patients with SCH may have the worst metabolic
status. The overweight and normal weight groups showed differences in glycerol phospholipid, sterol
lipid, phosphatidylcholine, and androsterone sulphate levels. PCOS with SCH affects endocrine
metabolism and ester metabolism through fatty acid biosynthesis, protein digestion and absorption, and
ABC transporters.

Introduction
Polycystic ovary syndrome (PCOS) is a complex disorder associated with multiple metabolic
disturbances. Recent studies have identi�ed multiple factors that are involved in the pathogenesis of
PCOS, including endocrine and genetic factors [1]. In the past, many studies have reported that
hyperhomocysteinaemia, obesity (vs. non-obesity), insulin resistance (vs. non-insulin resistance),
hypothyroidism, and other clinical and endocrine characteristics affect the fertility, cardiovascular disease
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risk, oxidative stress state, and in�ammatory state of PCOS patients. The relationship between insulin
resistance and hypothyroidism has been studied for decades; however, the in�uence of subclinical
hypothyroidism (SCH) on clinical and metabolic parameters has not been su�ciently investigated in the
setting of PCOS [2]. The prevalence of SCH has been reported to be 16.9% in PCOS patients and 6.2% in
non-PCOS patients [3]. A systematic review suggested that the risk of SCH is signi�cantly elevated in
PCOS patients (odds ratio (OR), 2.87) relative to controls when the critical value is not uniform. When the
critical value of thyroid-stimulating hormone (TSH) was 4 µIU/mL, the OR increased to 3.59 [4]. When a
TSH level of 2.5 µIU/mL was used as the diagnostic cut-off point for SCH, the difference in endocrine and
metabolic characteristics was more signi�cant than when a TSH cut-off level of 4.2 µIU/mL was used in
PCOS patients.

Genes, proteins, and small-molecule metabolites participate in various physiological processes, including
the cell cycle, metabolism, and sustained growth. Furthermore, functional changes in genes and proteins,
which are proteomic features, will eventually be re�ected at the metabolomics level. Therefore,
metabolomics is the transcriptomics and proteomics studies, providing information about the metabolic
state of a cell or an organism and how that state changes in different environmental contexts for
genomics studies, as well as providing more reliable information than that found in proteomics
databases[5–6],In recent years, the number of metabolomics studies of blood and follicular �uid has
been gradually increasing [7–10].

We limited this study to PCOS combined with SCH under conditions of increased TSH (but not
hypothyroidism) and weight gain (but not obesity). We aimed to investigate the differences in
metabolites and metabolic pathways between normal weight and overweight patients. We also explored
the correlation between PCOS and SCH and the factors that promote the occurrence and development of
the disease, to provide a theoretical basis for developing precise treatments.

Materials And Methods
Study participants

A total of 62 PCOS patients from Lanzhou University Second Hospital between November 2018 and
October 2019 were enrolled. The average age of the patients was 26.02 years. PCOS was diagnosed
based on the 2003 Rotterdam Criteria; that is, at least two of the following features must be present:
oligo- or anovulation, clinical or biochemical hyperandrogenism, and polycystic ovaries on ultrasound.
Normal weight was de�ned as 18.5 kg/m2 ≤ body mass index (BMI)  23 kg/m2, overweight was de�ned
as 23 kg/m2 ≤ BMI  30 kg/m2, and obesity was de�ned as BMI ≥ 30 kg/m2 according to the Asia-
Paci�c Perspective [11]. SCH was de�ned as a serum TSH level of ≥ 2.5 µIU/mL, and serum thyroxine
and free thyroxine levels within the normal ranges, without symptoms of hypothyroidism. First, the
sample of 62 PCOS patients was classi�ed into two groups: PCOS patients with SCH (n = 38) and PCOS
patients with normal thyroid function (n = 24). From the 38 PCOS patients with SCH, 24 patients were
selected and divided into two groups: overweight (n = 13) and normal weight (n = 11) groups.
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Sample preparation

From each participant, approximately 4 mL blood sample was collected into a vacuum container. After
blood collection and centrifugation, the samples were immediately stored at -80°C until further processing
for ultra-high-performance liquid chromatography–quadrupole time-of-�ight mass spectrometry (UHPLC-
Q-TOF/MS) analysis. Before the analysis, the samples were thawed at 4℃. Thereafter, 100 μL samples
were transferred to Eppendorf tubes and mixed with 400 μL methanol/acetonitrile (1:1, v/v). The tubes
were vortexed for 60 s, incubated for 1 h at -20°C, and centrifuged at 14,000 × g for 20 min at 4°C. The
supernatants were collected and dried with nitrogen, and the lyophilised powder was stored at -80°C until
the analysis. At the start of the experiment, serum samples from PCOS patients were dissolved slowly at
4°C, and 100 μL of each sample was transferred and mixed with 400 μL pre-cooled methanol/acetonitrile
(1:1, v/v). The samples were vortexed for 1 min, incubated for 1 h at -20°C, and centrifuged at 14,000 × g
for 20 min at 4°C. The supernatants were subjected to UHPLC-Q-TOF/MS analysis. In parallel with the
preparation of the test samples, pooled quality control (QC) samples were prepared by mixing equal
amounts (30 μL) of each sample. The QC sample can be used to determine the stability of the instrument
before the experiment. All samples to be tested were numbered, and all samples were continuously
analysed in random order to reduce the impact of �uctuations in instrument detection signals on the
results. QC samples were inserted at intervals among the test samples.

UHPLC-Q-TOF/MS analysis

Metabolic pro�ling of serum samples was performed on an Agilent 1290 In�nity LC system (Agilent
Technologies, Santa-Clara, CA, USA) coupled with an AB SCIEX Triple TOF 6600 system (AB SCIEX,
Framingham, MA, USA). The column temperature was set at 25°C. The mobile phase (A) was composed
of ammonium acetate, ammonia water, and distilled water, whereas acetonitrile was used for the mobile
phase (B). In the positive (negative) model, the elution gradient initially started with 95% B for 0.5 min;
linearly decreased to 65% B at 7 min; further linearly decreased to 40% B at 8 min, which was maintained
for 1 min; and returned to 95% B for approximately 0.1 min, which was maintained for 2.9 min. During the
entire analysis, the samples were placed in an automatic injector at 4℃. The delivery �ow rate was 300
μL/min, and a 2 μL aliquot of each sample was injected onto the column. TOF/MS was performed in
both ionisation modes. The electrospray ionisation source conditions for triple TOF were set as follows:
ion source gas 1, 40 psi; ion source gas 2, 60 psi; curtain gas, 30 psi; source temperature, 600°C; and ion
spray voltage �oating, +5500 V (+) and -5500 V (-). Information-dependent acquisition, an arti�cial
intelligence-based product ion scan mode, was used to detect and identify MS/MS spectra. The
parameters were set as follows: declustering potential, 60 V (+) and -60 V (-); collision energy, 50 V (+) and
-20 V (-), excluding isotopes within 4 Da; and number of candidate ions to monitor per cycle, The analysis
was performed with the assistance of Applied Protein Technology Co., Ltd. (Shanghai, China).

Data analysis

The raw data generated by UHPLC-Q-TOF/MS were converted into mzXML format �les using the Proteo
Wizard MS converter tool and processed using XCMS software. The non-linear alignment in the time
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domain, automatic integration, and extraction of the peak intensities were completed by XCMS software
with default parameter settings. The data were subsequently processed using XCMS software for peak
alignment and data �ltering. MetaboAnalyst 4.0 was used for statistical analysis. The signi�cance of the
metabolites was evaluated by calculating the variable importance in projection (VIP) score (VIP > 1 and P
< 0.01), and Student’s t test was used to determine the signi�cance of the differences between the two
groups.

We also performed Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis to investigate
the metabolomic pathways. Brie�y, the enrichment level of each metabolomic pathway was calculated
using Fisher’s exact test, and P < 0.05 was considered statistically signi�cant.

Ethics statement

This study was performed in accordance with the recommendations of the Institutional Ethics Committee
of Lanzhou University Second Hospital. All patients provided written informed consent in accordance
with the national legislation and the Declaration of Helsinki. The protocol was approved by the
Institutional Ethics Committee of Lanzhou University Second Hospital (project no. 2019A-202).

Results
Clinical and biochemical results

The differences in general data and fasting blood glucose levels were not statistically signi�cant between
patients with TSH ≥ 2.5 µIU/mL and those with TSH < 2.5 µIU/mL. We re-organised the data and
excluded patients with BMI ≥ 30 kg/m2 and TSH ≥ 5 µIU/mL from the group of PCOS patients .Among
the PCOS patients with SCH, 13 were overweight and 11 had normal weight (Table 1). Signi�cant
differences were observed in body weight, volume of the right ovary, homeostasis model assessment for
insulin resistance (HOMA-IR) value, insulin level at 2 h after a meal and triglyceride level.

QC of untargeted metabolomics analysis

Before the analysis, the data were assessed for integrity and no missing values were detected. Principal
component analysis (PCA) was performed using the molecular features of all groups in the study,
including the QC samples. All QC injections were tightly clustered in the PCA space. The consistency of
the repeated QC injections and the reliable quality of data across all samples revealed the potency of the
metabolic pro�ling method during the experiment. The total ion chromatogram of the QC sample
demonstrated that the overlaps of the spectral peaks of the QC samples showed only slight changes,
suggesting that the method has good reproducibility.

The supervised orthogonal partial least squares discriminant analysis score plots exhibited clear
discrimination between overweight (n = 13) and normal weight (n = 11) PCOS patients with SCH (Figure
1).
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An obvious separation trend was observed between overweight and normal weight PCOS patients with
SCH (Figure 2). Moreover, the metabolic pro�le clearly distinguished between the groups (Figure 3).

Identi�cation of differential serum metabolites and pathway analysis

Signi�cant differences in serum metabolites were observed between overweight and normal weight PCOS
patients with SCH. A total of 26 metabolites with the most signi�cant differences were identi�ed: L-
alanine, alpha-N-phenylacetyl-L-glutamine, oleic acid, (R)-2-hydroxycaprylic acid, dihydrothymine, L-
glutamate, xanthine, stearic acid, formyl-anthranilic acid, L-proline, androsterone sulphate, 5,6,7,8-
tetrahydro-2-naphthoic acid, oxindole, 1-stearoyl-2-oleoyl-sn-glycerol 3-phosphocholine, 4-hydroxy-3-
methoxycinnamaldehyde, 1-myristoyl-sn-glycero-3-phosphocholine, 1-palmitoyl-sn-glycero-3-
phosphocholine, alpha-N-phenylacetyl-L-glutamine, 7-oxocholesterol, 1,2-dioleoyl-sn-glycero-3-
phosphatidylcholine, 1-stearoyl-2-hydroxy-sn-glycero-3-phosphocholine, tetracosanoyl-4-sphingenyl-1-O-
phosphorylcholine, sphingomyelin (d18:1/18:0), creatinine, 3-methylhistidine, and N-docosanoyl-4-
sphingenyl-1-O-phosphorylcholine. The results of the correlation analysis of different metabolites in
overweight and normal weight PCOS patients with SCH are shown in Figures 4 and 5. We performed
Student’s t-test including metabolites with VIP > 1 to verify whether there were signi�cant differences in
serum metabolites between the overweight and normal weight groups of PCOS patients with SCH.

Moreover, we performed a KEGG analysis to investigate the metabolomic pathways affected by BMI in
PCOS patients with SCH. In the KEGG analysis, a total of 18 metabolic pathways related to the
differential metabolites were detected: biosynthesis of unsaturated fatty acids; central carbon
metabolism in cancer; protein digestion and absorption; aminoacyl-tRNA biosynthesis; fatty acid
biosynthesis; retrograde endocannabinoid signalling; taurine and hypotaurine metabolism; ATP-binding
cassette (ABC) transporters; arginine and proline metabolism; alanine, aspartate, and glutamate
metabolism; mineral absorption; Huntington disease; FoxO signalling pathway; histidine metabolism;
nicotine addiction; long-term potentiation; glutamatergic synapse; and cocaine addiction (Figure 6).

Discussion
Serum contains many metabolites whose variations can provide biochemical clues about diseases and
may offer information about the pathogenesis and treatment of each disease. Hypothyroidism has been
shown to be related to many metabolic disorders. Thyroid hormones, especially triiodothyronine, have
been widely demonstrated to cause insulin resistance in the liver, and hepatic glucose output is
pathologically increased by enhanced gluconeogenesis and glycogen breakdown [12]. Therefore, PCOS
can only be diagnosed after hypothyroidism has been ruled out. The relationship between insulin
resistance and hypothyroidism has been studied for decades; however, the in�uence of SCH on clinical
and metabolic parameters has not been su�ciently investigated in the setting of PCOS [13–15]. Thyroid
hormones are involved in the metabolism of various substances in the body and may regulate gonadal
development and female reproductive endocrine function through the hypothalamic–pituitary–ovarian
axis. Elevated TSH levels and SCH are common in PCOS patients. PCOS patients with SCH are at a risk of
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having endocrine and metabolic abnormalities, which worsen with increasing body weight. In our study,
there were signi�cant differences in body weight, volume of the right ovary, HOMA-IR value, insulin level
at 2 h after a meal, and triglyceride level between the overweight and normal weight groups of PCOS
patients with SCH. Ambrosi et al. reported that an elevated TSH level affects thyroid hormones in adipose
tissue, resulting in activation of the thyroid hormone receptor, increased production of cytokines, elevated
levels pro-reactive proteins, and mediation of the in�ammatory response. It also decreases insulin
sensitivity and increases insulin production. Long-term high insulin levels accelerate the conversion of
fatty acids and enhance the synthesis of lipase [16].

Our study identi�ed 26 differential metabolites, mainly fatty acids, phosphatidyl choline, choline
phosphate, cholesterol, and androsterone sulphate, in serum of normal weight and overweight PCOS
patients with SCH, showing the effect of BMI on metabolic pathways in these patients. Through KEGG
analysis, a total of 18 metabolic pathways related to the differential metabolites were detected, mainly
biosynthesis of fatty acids and unsaturated fatty acids, digestion and absorption of proteins, and ABC
transporters. Because fatty acids are a class of metabolites that could be used to evaluate stearoyl-CoA
desaturase activity, the increased unsaturated fatty acids observed in PCOS patients indicate that
stearoyl-CoA desaturase activity could be a potential marker for this disease [17]. Follicular �uid
metabonomics can be used to predict oocyte quality. Several spectroscopy-based studies have reported
that the levels of speci�c free fatty acids in serum and follicular �uid are altered in women with PCOS [18,
19]. In mammals, the composition of fatty acids in oocytes and the levels of fatty acids in the follicular
�uid environment may affect oocyte development and subsequent embryo implantation [20–21].
Phospholipids are the main component of biological membranes and play roles in maintaining human
life activities, promoting cell metabolism, maintaining material exchange between cellular compartments,
accelerating the transport of fat and preventing fat accumulation in the liver, maintaining brain
development, inhibiting brain ageing, and exerting anti-tumour effects. In patients with SCH, altered
thyroid hormone levels have slight and lasting effects, despite the absence of obvious clinical
manifestations. The study by Roos et al. suggested that thyroid hormones are involved in the regulation
of cholesterol and lipoprotein metabolism, and abnormal thyroid hormone levels affect the production
and degradation of blood lipids [22]. Glintborg et al. showed that SCH was associated with higher BMI,
diastolic hypertension, higher total cholesterol and triglyceride levels, and higher total cholesterol/high-
density lipoprotein cholesterol ratio, resulting in lipid regulation disorders, hemodynamic and endothelial
dysfunction, hypercoagulation states, and atherosclerosis [23]. The active ABC superfamily is one of the
largest protein families in biological systems. Its function is to use the energy generated by ATP
hydrolysis to transport molecules, such as sugars, amino acids, nucleotides, peptides, lipids, steroids, bile
salts, toxins, and chemotherapeutic drugs, through biological membranes. It has a protective effect by
allowing toxic exogenous substances, endogenous metabolites, and amphiphilic compounds to �ow out
of cells. The imbalance of this protein in granulosa cells may impair follicle development and steroid
production. Another study also suggested that ABC transporters and follicular �uid high-density
lipoprotein jointly regulate the cholesterol content of oocytes, which is related to the quality of oocytes
[24]. Glutamic acid and glutamine are the precursors of arginine, and arginine is the precursor of nitric
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oxide and polyamines (putrescine, spermidine, spermine, and agmatine), which are involved in the
regulation of key events in early pregnancy, such as angiogenesis, placenta formation, and embryonic
development. Taurine and hypotaurine act as antioxidants and cell osmotic pressure regulators in a
variety of cell types.

The association of PCOS and thyroid function is not clear. It remains to be elucidated whether the
disorder in thyroid hormone secretion is the cause of PCOS, whether the occurrence of PCOS affects the
abnormal secretion of thyroid hormones, or whether the hypothalamic–pituitary–gonad and
hypothalamic–pituitary–thyroid axes together cause abnormal lipid metabolism and insulin resistance,
resulting in weight gain. In our study, the comparison of metabolites and metabolic pathways between
normal weight and overweight PCOS patients with SCH suggested that PCOS causes disordered thyroid
hormone secretion, which affects lipid, sugar, and protein generation and degradation, and accelerates
the occurrence and development of disease. Therefore, it is important to investigate the prevalence of
primary thyroid dysfunction in obese and overweight patients with PCOS. In addition, lifestyle
intervention, early treatment with levo-thyroid hormone, reducing the TSH level, and maintaining the
metabolic balance of the body are important strategies for PCOS patients with SCH.

Conclusion
In recent years, metabolomics methods for the analysis of blood, follicular �uid, and urine samples from
PCOS patients have gradually developed. This study used untargeted metabolomics methods to explore
the effects of SCH and BMI on the metabolic pro�le of PCOS patients. As a result, many different
metabolites and enriched metabolic pathways related to the body's physiological and pathological
reactions were identi�ed. The analysis of the different metabolites and different metabolic pathways of
the normal weight and overweight groups showed that the interaction between BMI and TSH affects the
metabolic status of PCOS patients. Overweight PCOS patients with SCH may have the worst metabolic
status. The overweight and normal weight groups showed differences in the levels of glycerol
phospholipids, sterol lipids, phosphatidylcholine, and androsterone sulphate. PCOS with SCH affects
endocrine metabolism and ester metabolism through the biosynthesis of fatty acids, protein digestion
and absorption, and ABC transporters.

Because the clinical manifestations of PCOS patients are heterogeneous, the clinical treatment plan may
be complex and the effect is uncertain. Our study also had some limitations. This study compared
normal weight and overweight PCOS patients with SCH; however, as body weight changes, the metabolic
state also greatly changes. Furthermore, the sample size of this study was relatively small. No further
validation in a larger population was performed. Future studies should explore whether there are
differences in mitochondrial energy metabolism-related genes and proteins between normal weight and
overweight PCOS patients. Moreover, mitochondrial function may have a greater impact on the
progression of PCOS than BMI. In addition, it is also recommended to use a combination of specimens,
such as serum, plasma, follicular �uid, endometrial tissue, and urine samples, in metabonomics analysis
to investigate the local and systemic metabolic characteristics of metabolites in the human body.
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Elucidating these issues may help in determining the cause of disease, evaluating the prognosis, and
developing precise clinical interventions.
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Table 1. Clinical and biochemical indicators in normal weight and overweight patients with polycystic
ovary syndrome and subclinical hypothyroidism

Parameter Normal weight

 (n = 11)

Overweight (n=13) P

Waist circumference (cm) 72.36 ± 6.57 92.57 ± 15.44 0.095

Height (cm) 159.18 ± 3.34 161.85 ± 4.02 0.320

Weight (kg) 49.00 ± 5.31 79.96 ± 25.79 0.001*

Volume of the right ovary (cm3) 17.96 ± 4.56 18.71 ± 8.69 0.027*

LH (mIU/mL) 9.02 ± 4.40 8.83 ± 6.15 0.921

FSH (mIU/mL) 5.84 ± 1.45 5.97 ± 1.23 0.322

PRL (ng/mL) 15.98 ± 9.37 12.30 ± 3.12 0.007*

E2 (pg/mL) 54.06 ± 17.62 43.05 ± 13.07 0.304

HOMA-IR 1.39 ± 0.60 3.93 ± 2.25 0.038*

Insulin level at 2 h after a meal (µU/L) 30.48 ± 20.01 83.93 ± 61.31 0.013*

Total cholesterol (mmol/L) 4.00 ± 0.88 4.40 ± 0.85 0.479

Triglyceride (mmol/L) 1.05 ± 0.57 1.60 ± 0.26 0.034*

HDL (mmol/L) 1.59 ± 0.14 1.23 ± 0.20 0.220

LDL (mmol/L) 2.48 ± 0.84 3.05 ± 0.91 0.808

HCY (µmol/L) 13.18 ± 2.36 12.00 ± 2.65 0.986

Values are mean ± standard deviation.*Signi�cant (P < 0.05).

LH, luteinizing hormone; FSH, follicle-stimulating hormone; PRL, prolactin; E2, oestradiol; HOMA-IR,
homeostasis model assessment for insulin resistance; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; HCY, homocysteine.
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Figure 1
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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