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Abstract

Objective: The subsequent reproductive events induced by early age at menarche (AAM) are tightly linked to immune dys-

function. This study aimed to analyze whether immune functions mediate the association between AAM and subsequent

reproductive performance. Design: a follow-up and Mendelian Randomization (MR) study. Setting: A women’s and Children’s

hospital in Shenzhen, China. Population: Sixty-eight healthy reproductive Chinese women were admitted to pre-pregnancy

physical examinations. Methods: Pre-pregnancy immune functions were analyzed by flow cytometry. Subsequent reproductive

performance was studied by a 15-month follow up. The associations of immune functions with AAM or pregnancy status were

analyzed. Lastly, the important association was further validated by a two-sample MR test using public data. Main Outcome

Measures: Miscarriages, thyroid function at early pregnancy, and metabolic indexes at mid pregnancy. Results: We found that

AAM was negatively associated with Tfh1/Tfh2 ratio (Spearman r=-0.283, P=0.019). Moreover, this pre-pregnancy index was

positively associated with TSH at early pregnancy (Spearman r=0.363, P=0.032), a risk for spontaneous miscarriage (adjusted

Relative risk (RR)=12.25, 95% confidence interval (CI)=1.72-87.46, P=0.013), and a shorter time to miscarriage (42 days vs.

115 days, log-rank P=0.038). Moreover, the MR test showed that 84 AAM-related SNPs can explain 19% of variance in PD1-

näıve Tfh cells (Directionality P=4.28×10-10); LIN28B and chromosome 9p12 (LINC01505, TAL2 and TMEM38B) were their

share genetic factors. Conclusion: The present study implied that Tfh cells might mediate the process of early AAM-induced

reproductive events. Larger population studies and functional studies are warranted. Funding: None.

Introduction

Women experiencing early age at menarche (AAM) are very common(1),(2),(3). Early AAM increases the
risk of onset of various diseases, including metabolic disorders(4), cardiovascular diseases(5, 6), autoimmune
diseases(7, 8), gynecological diseases and tumors. Also, it is related to subsequent reproductive events in
reproductive females, such as gestational diabetes mellitus (GDM)(9), ectopic pregnancies and spontaneous
miscarriages(10). Early AAM may even affect the health of her offspring: Early menarche was associated
with an increased prevalence of preterm birth (PTB)(11) and low birth weight (LBW) of newborns (12),
while PTB and LBW are the risk factors for the rate of infant incidence and mortality.

Previous studies have shown that early AAM can lead to premature hormone exposure and obesity(13),
thus risk for various diseases, such as metabolic disorders, cardiovascular diseases, gynecological diseases and
tumors. Both of premature hormone exposure and pre-pregnancy obesity affect immune functions(14, 15). In
recent years, some studies found that early AAM was associated immune-related conditions, such as systemic
lupus erythematosus (SLE) and asthma: early AAM and hormone treatments were risk factors for the onset
of SLE(8). Also, a new phenotype for asthma has been discovered among the female population—the earlier
the AAM, the higher the clinical score for asthma(7). In a cross-sectional study, early AAM was found to
be associated with the risk of subclinical hypothyroidism(16). It implied that early AAM accompanied by
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early exposure to estrogen may trigger thyroid autoimmunity, which will further impair the gravidas and
fetuses(17).

Moreover, the subsequent reproductive events associated with AAM are tightly linked to inflammation and
immune functions. For example, maternal serum levels of circulating TNF-α, IL-6 and CRP are increased
in GDM patients(18). Pelvic inflammation is identified as a risk factor of ectopic pregnancies(19). And
uterine immunity are pivotal for successful implantation, and the aberration of immune function is related
to spontaneous miscarriages(20). However, the logical connection between early AAM, immune functions
and subsequent reproductive performance are scarcely studied. We hypothesized that immunity mediating
the process of early AAM-induced pregnancy complications.

To validate this hypothesis, we firstly analyzed the association of pre-pregnancy immune functions with
AAM and reproductive events by using flow cytometry in this study. Then we validated the causal relation-
ship between AAM and immune function by two sample Mendelian Randomization (MR) test using public
Genome-wide association (GWAS) data. Our reports are herein.

Methods and Materials

Study population. Data were analyzed from a single hospital in Shenzhen, a Southern Chinese city,
in accordance with the relevant guidelines and regulations as set out by the approving body, the Ethics
Committee, Shenzhen Baoan Women’s and Children’s Hospital, Jinan University (IRB:LLSC 2018-08-01).
All the study participants donated a 5ml venous blood after gave a written informed consent. All participants’
names and other identifying information were removed in all sections of this manuscript.

From September to November 2018, we recruited at random 72 fertile women undergoing pre-pregnancy
physical examinations at our hospital, where the rate of response was >95%. The subjects were between the
ages of 20 and 40 years old, and were all local Han Chinese and long-term residents in Shenzhen, China. With
the exception of four persons who suffered from uterine fibroids, recurrent miscarriage, oligomenorrhea and
cervicitis, 68 healthy women were included in this study. After obtaining the informed consent, information
of the subjects such as age, height, weight, AAM, menstrual cycle and period, and reproductive history
were collected by trained nurses through a questionnaire survey, and 5ml venous blood was collected for flow
cytometry analyses. Indicators including peripheral blood red blood cell (RBC), white blood cell (WBC)
and hemoglobin (Hb) were obtained from the results of physical examination.

Follow-up of pregnancy status. The pregnancy status of the subjects were followed-up by interview
until December 2019, which was verified by serum human chorionic gonadotropin (HCG) and ultrasound,
and the first day of last menstrual period (LMP) was recorded. Among of these subjects, there were 35
pregnancies. Each pregnant woman was scheduled to come back to our hospital for antepartum examinations
according to our hospital routine methods. Moreover, each pregnancy early signs of miscarriage was timely
detected and treated by our hospital, and 7 ones were maintained to birth (defined as threatened miscarriage);
However another 8 ones were aborted (defined as spontaneous miscarriage, with the exception of chromosome
abnormality, congenital deformity of the fetuses, and other secondary diseases of the gravidas and fetuses).
The information on weight gain at early pregnancy, thyroid stimulating hormone (TSH), free T4 (FT4)
and thyroperoxidase antibodies (TPO-ab) at early pregnancy, and blood pressure, fast glucose, triglyceride
(TG), cholesterol (CHOL), and HbA1c during mid-trimester pregnancy was collected from medical records
of antepartum examinations.

Flow cytometry analyses. Pre-pregnancy immune functions were tested according to our routine meth-
ods(21). Briefly, peripheral white cells were isolated from whole blood at pre-pregnancy physical examina-
tions by adding FACS LYSING SOLUTION (BD Biosciences, USA). Then the precipitates were collected by
centrifugation. After washed twice by phosphate-buffered saline (PBS, sigma, USA), and cells were labelled
according to our published paper(21). Antibodies for APC-H7-conjugated anti-CD3; PE-Cy7-conjugated
anti-CD4 and anti-CD28; FITC-conjugated anti-CD45RA; PE-conjugated anti-CD25; BV421-conjugated
anti-CD56, anti-CD127; BV510-conjugated anti-CD8; Alexa Fluor 647-conjugated anti-CCR7 and anti-
CXCR5; Alexa Fluor 488-conjugated anti-CD183, and BV421-conjugated anti- CD194 were purchased from
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BD Biosciences.

Samples were run on a BD LSR Fortessa (BD Biosciences) at Shuangzhi Purui Medical Laboratory Co., Ltd.
(China), and the data was analyzed using FlowJo 10.1 software (Tree Star Inc, USA).

Data Collection of public GWAS studies. The published GWAS data for AAM and Tfh cells
were collected from UK Biobank (http://www.nealelab.is/blog/2017/9/11/details-and-considerations-of-the-
uk-biobank-gwas ) and TwinsUK(22), respectively.

Statistical analysis and public GWAS data analysis. The SPSS 25.0 statistical software (SAS Institute
Inc., Chicago, IL, USA) was used to process and analyze the data. Data were presented as n , proportion,
median and min/max. We first performed association analyses between immune functions and AAM by using
Spearman correlation analyses. Manny-Whitney U tests were then used to compare immune cells between
healthy pregnancies and threatened or spontaneous miscarriages. Spearman correlation analyses also were
used to analyze the associations between Tfh cells and the various biological indexes during pregnancy.
Lastly, we used the Kaplan-Meier estimate and Cox regression analyses to study the associations between
Tfh cells and miscarriages. The relative risk (RR) and its 95% confidence interval (CI) were calculated. All
tests were two sided, and the level of significance was set at 0.05. Statistical figures were produced by using
GraphPad Prism8.0 (GraphPad Software, USA).

To test the genetic association of Tfh cells and AAM, MR-Base software (http://www.mrbase.org/ ) were
used for two sample MR test according to the method as described(23). Briefly, inverse-variance weighted
approach, weighted median method, MR-Egger method, and single mode and weighted mode method were
used for MR tests as a web application. Then we performed a Causal direction test to measure MR causal
estimates. Lastly, a leave-one-out analysis was also performed to assess whether the MR estimate is driven
or biased by a single SNP.

Results

Patient characteristics. Sixty-eight healthy Chinese Han women for pre-pregnancy examination were in-
cluded in this study, as described in our previous report(21). Table S1 showed in summary the demographic
characteristics of the 68 subjects. The mean age of the subjects was (29.9 ± 3.9) years, where 36 (52.9%)
were younger than 30 years. The Body Mass Index (BMI) of 59 subjects (86.8%) was below 24 kg/m2. The
average AAM was (14 ± 1.6) years old, where 26 (38.2%) experienced AAM below the age of 14 years. The
average menstrual cycle was 30 days, where 10 females (14.7%) had abnormal cycles, among of which two
subjects (2.9%) had short menstrual cycles (less than 24 days) and 8 ones (11.8%) had prolonged menstrua-
tion (more than 35 days). In addition, 40 females (58.8%) had at least one gravidities, and 33 ones (48.5%)
were parous. Twenty (29.4%) had one miscarriage, and nine (13.2%) have had more than two miscarriage.

There were 35 pregnancies after 15 months follow-up. Among of these subjects, the body weight of 10 ones
(41.2%) increased more than 19.98 kg at early pregnancy. And the median of TSH, FT4 and TPO-ab of pre-
gnancy subjects at early pregnancy were 1.9 mIU/ml, 10.4 pmol/L, and 32.1 IU/ml, respectively. During the
mid-trimester pregnancy, the median of fast glucose, triglyceride, cholesterol , HbA1c, and systolic/diastolic
blood pressure was 4.5 mmol/L, 2.1 mmol/L, 6.1 mmol/L, and 117/66 mmHg, respectively.

In these 35 gravidas, there were 20 healthy pregnancies, 7 threatened miscarriages and 8 spontaneous miscar-
riages. No chromosome abnormality and congenital deformity of the fetuses was found in these miscarriages.

Early AAM is associated with pre-pregnancy Tfh1/Tfh2 ratio. We analyzed the correlations between
AAM and T cells, γδ T cells and their subsets according to the method as described(21). No significant
correlations was found between AAM and CD3+, double positive T (CD4+CD8+) and double negative
(CD4-CD8-) T cells, T helper cells (CD4+, also known as Th cells) and subsets Th1/2/17, and cytotoxic
T cells (CD8+, also known as Tc cells) and subsets Tc1/2/17 (all P values >0.05). At the same time, no
significant correlations were found between AAM and CD4/CD8 memory cells such as Näıve, central memory
(CM), effect memory (EM), and EM CD45RA+ (EMRA). No significant correlations were found between
AAM and γδ T cells either (all P values > 0.05).
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Among T follicular helper cells (CD3+CD4+CXCR5+, also known as Tfh cells), Tfh1
(CD4+CXCR5+CXCR3+CCR4-) were significantly negatively correlated with AAM (r =-0.273,P
=0.027), wherever Tfh2 (CD4+CXCR5+CXCR3-CCR4+) were positively associated with AAM (Spearman
r =0.342,P =0.005), as shown in Figure 1B. Further, the Tfh1/Tfh2 ratio also showed significantly
negative correlated with AAM (Spearmanr =-0.283, P =0.019). There was no discernible correlation
between Tfh17 (CD4+CXCR5+CXCR3-CCR4-CCR6+) and AAM (Spearman r =-0.137, P =0.265).

Pre-pregnancy Tfh1/Tfh2 ratio is associated with TSH at early pregnancy. The pregnancy status
of the subjects were followed-up by interview until December 2019. After a 15-month follow-up, there were
35 pregnancies, including 20 healthy pregnancies, 7 threatened miscarriages and 8 spontaneous miscarriages.

We analyzed the correlation between pre-pregnancy Tfh1/Tfh2 ratio and some physical examination indexes
during pregnancy. We found that the ratios of Tfh1/Tfh2 at pre-pregnancy examinations were significantly
positively associated with TSH at early pregnancy (Spearmanr =0.367, P =0.046, Figure 2 ).

However, there no significant associations between pre-pregnancy Tfh1/Tfh2 ratio and either of the following
indexes: weight gain, FT4 and TPO-ab at early pregnancy; and BMI, blood pressure, fast glucose, triglyc-
eride, cholesterol, and HbA1c during mid-trimester pregnancy (allP values >0.05, as shown in Table S2
).

Pre-pregnancy Tfh1/Tfh2 ratio was associated with an increased risk and a shorter time
to spontaneous miscarriage. Consistent with previous reports(10), the average AAM of threatened
miscarriages and spontaneous miscarriages was both early than healthy pregnancies (bothP values <0.05,
Table S3 ).

Therefore, we analyzed the relationship between pre-pregnancy Tfh1/Tfh2 ratio and miscarriages. Firstly,
Manny-Whitney U tests were used to compare immune cells between healthy pregnancies and threatened or
spontaneous miscarriages. We found that Tfh1/Tfh2 ratio was higher in spontaneous miscarriages than the
ratio in healthy pregnancies (median 0.288 vs. 0.179, Manny-Whitney U=-2.288, P =0.021, Figure s1 ),
but not in threatened miscarriages.

We further studied the association of spontaneous miscarriage rates with the Tfh1/Tfh2 ratio and AAM dur-
ing the study period in 35 gravidas. Rate of spontaneous miscarriages were analyzed by the Kaplan-Meier
estimate and Cox regression analyses. The log-rank test was used to compare spontaneous miscarriages
curves. We found that the women with AAM<14 years had a higher risk of spontaneous miscarriages (ad-
justed RR=17.28, 95% CI=2.04-146.75, P =0.009, Table 1 ), and a shorter spontaneous miscarriage time (45
days vs. 185 days, log-rank P =0.036, Figure 3A ). The adjusted confounding factors included age, previous
times of spontaneous abortion and BMI. Moreover, the women with the Tfh1/Tfh2 ratio[?]0.209 (median)
also had a higher risk of spontaneous miscarriages (adjusted RR=12.25, 95% CI=1.72-87.46, P =0.013, Ta-
ble 1 ) and a short time to the spontaneous miscarriage (42 days vs. 115 days, log-rank P =0.038,Figure
3B ). Our results implied a possible logical connection with earlier AAM, higher pre-pregnancy Tfh1/Tfh2
ratio and spontaneous miscarriage.

However, no distinguishable association between mothers’ menarche age and the gestational weeks and birth
weight of newborns were found in this study.

Genetic factors of AAM contributes to Tfh cells. To test the causal relationship and shared ge-
netic factors between Tfh cells and AAM, we performed two sample MR tests by using publicly available
genetic summary data of Genome-wide association studies (GWAS) from 176008 subjects in UK Biobank
(http://www.nealelab.is/blog/2017/9/11/details-and-considerations-of-the-uk-biobank-gwas ) and 497 female
participants from the UK Adult Twin Register (TwinsUK) (22) in MR-base(24).

At a GWAS threshold of statistical significance (P <5×10-8; linkage disequilibriumR 2<0.1), we found that
84 AAM-related SNPs were significantly associated with PD1- näıve Tfh cells by Weighted median method
(β=0.38±0.19, P =0.040,Figure S2 ) and by Weighted mode (β=0.62±0.31, P =0.045). Moreover, these
SNPs can explain 19% of variance in PD1- Tfh näıve cells (DirectionalityP =4.28×10-10). However, there
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were no significant causal relationship between AAM and two other types of näıve Tfh cells (CCR4-CXCR3-

and CCR4+CXCR3+), CD4+Tfh cells and CD8+ Tfh cells in MR-base (All Pvalues > 0.05).

In MR-Base, there were another two AAM database: ReproGen consortium studies(25) and MRC-IEU
consortium studies (http://www.ewascatalog.org ). However, there were no significant association between
AAM and Tfh cells by using GWAS Data from ReproGen and MRC-IEU consortium studies. These results
might due to the small samples with outcomes in TwinsUK dataset, and the genetic background of TwinsUK
might be more different to ReproGen and MRC-IEU consortium studies than to UK Biobank.

We further performed a leave-one-out analysis to assess whether the MR estimate is driven or biased by
a single SNP. Using this method, we found that rs1516883 and rs1933801 were the major share genetic
factors between AAM and PD-1- näıve Tfh cells (also shown asFigure S2 ). These two SNPs were located
in chromosome region 9p12 (LINC01505, TAL2 and TMEM38B ) and near geneLIN28B respectively, both
are reported AAM loci(25-28).

Discussion

Main Findings In this study, we found that higher Tfh1/Tfh2 ratio before pregnancy was seen in females
with early AAM, and this increased Tfh1/Tfh2 ratio was significant with higher TSH level at early pregnancy.
Moreover, the aberrant Tfh1/Tfh2 ratio was also related to a higher risk and a shorter time to spontaneous
miscarriage. Lastly, The contribution of early AAM on hallmarks of Tfh cells was further validated by a two
sample MR test.

Interpretation Tfh cells are differentiated from Näıve CD4 cells, and is required for B cell development(29).
They interact with antigen-specific B cells in germinal center (GC), and promote somatic hypermutati-
on, class switch recombination and affinity maturation of B cells(30). In addition, Tfh cells also facilitate
the differentiation of GC B cells, transforming them into memory B cells and long-lived plasma cells(31).
The hallmarks of the Tfh cells will lead to the uncontrolled activation of B cells, thus produce a large
amount of antibodies(32). There were three subsets of Tfh cells in peripheral blood, Tfh1(CXCR3+CCR6-),
Tfh2(CXCR3-CCR6-) and Tfh17 (CXCR3-CCR6+) cells28,29. Among of them, Tfh1 cells are major regu-
lators of proinflammatory stress, and can strengthen the immune reactions(33); While Tfh2 cells induce
the differentiation of näıve B cells into plasmablasts(34). Therefore, increase in Tfh1/Tfh2 ratio usually
implicates an inflammation.

To the best of our knowledge, the present study revealed the association of early AAM with Tfh cells in
women for the first time. The present study showed that genetic factors of AAM contributes to the variances
of PD1- näıve Tfh cells. Compared to PD1+ Tfh cells, PD1- näıve Tfh cells are less proliferative and produce
less cytokines(35). It implied that early AAM will impair Tfh progenitor cells, thus aberrant Tfh1/Tfh2
ratio and unregulated humoral immunity. In shared genetic factors of AAM and Tfh cells, LIN28B encodes
a key repressor of let-7 microRNA biogenesis and cell pluripotency(36). Transgenic Lin28b mice demonstrate
altered pubertal growth(37). Moreover, LIN28B/let-7 pathway influences Näıve CD4 cells survival(38) and
B cell development(39). let-7 is also aberrantly expressed in the embryonic chorion tissue of spontaneous
abortion(40). Therefore, it is biological plausible thatLIN28B involves the etiology of early AAM, aberrant
Tfh cell level, and miscarriages. For chromosome region 9p12, it includes three AAM-related genes LINC01505
(26), TAL2 (27) andTMEM38B (28). Among of them, TAL2 is crucial for thymocyte development(41), and
chromosome translocation involving this gene occurs in T cell acute lymphoblastic leukemia(42). Therefore,
chromosome region 9p12 is linked to both AAM and immunity. Taken together above reports, our findings on
the association of AAM and Tfh cells are supported by genetic evidences. Additionally, the longer hormone
exposure and obesity, which are produced by early AAM(13), both are found to play pivotal roles in the
function of Tfh cells in recent years(43-45). Thus, our findings on the relationship between early AAM and
aberrant Tfh cells function are credible.

Another important finding of this study is the association between pre-pregnancy Tfh1/Tfh2 ratio and
spontaneous miscarriage. Because humoral immunity plays a pivotal role in miscarriages(46), imbalance of
pro-inflammatory and anti-inflammatory cytokines may lead to impairment of pregnancy(47). The relati-
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onship between Tfh cells and spontaneous miscarriage is biological plausible. Different types of Tfh cells
can secrete different antibodies: Tfh1 cells secrete IFN-γ, which can trigger to produce IgG2α, then cause
abortion; Tfh2 secrete IL-4, which can trigger to produce IgG 1 and IgE, and was down-regulated in abor-
tion women(48); Tfh17 secrete IL-17, which triggers IgA(49, 50). It can be concluded that the balance of
Tfh1/Tfh2 is one of the important immune factors for abortion. When Tfh1 is dominant, the proportion
of IFN-γ increases and IL-4 decreases, which will lead to abortion. Therefore, It is credible that Tfh cells,
especially Tfh1 cells, mediates the process of early AAM related miscarriages, which was found in this study.

In this study, we also found that the pre-pregnancy ratio of Tfh1/Tfh2 was associated with TSH at early
pregnancy. Thyroid diseases in women of childbearing age are mainly caused by autoimmune diseases(51).
Autoimmune thyroid disease (AITD), including autoimmune hypothyroidism (Hashimoto’s thyroiditis, HT)
and autoimmune hyperthyroidism (Graves’ disease, GD). It has been found that the percentage of Tfh cells
is higher in HT patients and Tfh cells exist in the thyroid, suggesting that Tfh cells drive autoimmunity and
participate in the pathogenesis(52). Abnormal immune microenvironment results in increased expression of
CXCR5 in thyroid tissue, which leads to immune response of Tfh cells and the development of AITD(53). The
disorder of thyroid function in pregnancy can cause hyperthyroidism or incomplete thyroid function. Women
with hyperthyroidism during pregnancy are more likely to have obstetric complications such as miscarriage,
premature birth, abruptio placentae, thyroid store, and heart failure or adverse neonatal outcomes such as
prematurity, LBW, intrauterine growth restriction (IUGR) and still birth than normal women(17). Some
studies have pointed out that even in healthy women without thyroid dysfunction, the risk of miscarriage,
fetal death or neonatal death increases as TSH levels rise(54). Thus, we infer that the changes of the
pre-pregnancy ratio of Tfh1/Tfh2immune function before pregnancy will affect the thyroid function during
pregnancy, thus affecting the outcome of pregnancy.

Because early AAM also relates to many diseases, such as cardiovascular diseases(5), autoimmune diseases(7)
and cancers(55), our study may hold potential to initiate new avenues of research.

Strengths and Limitations The most strength of the present study is using multiple analyses to show the
mediation of Tfh cells in the process of early AAM-induced subsequent pregnancy events. First, we performed
Spearman correlation analyses to study the relationship between AAM and Tfh cells at the pre-pregnancy
examinations. Second, we used Manny-Whitney U tests, Spearman correlation analyses, Kaplan-Meier
estimate and Cox regression analyses to investigate the association between AAM-related pregnancy indexes
by a follow-up study. The pregnancy indexes included pregnancy status, thyroid function at early pregnancy,
and metabolic indexes at mid pregnancy, gestational weeks and birth weight of newborns. Last but not the
least, we validated the association between early AAM and aberrant function of Tfh cell by a two-sample
MR test. Therefore, this preliminary work may provide a proof-of-concept for evaluating the role of Tfh cells
in early AAM-related reproductive events.

The present study has some limitations: First, the pilot study was conducted in a small Chinese population,
while the genetic data that support its findings were collected from two consortiums that were of Euro-
pean origin. The generalizability of our findings needs to be confirmed. Second, other productive events
such as ectopic pregnancies cannot be analyzed because of the limited sample size. Third, many women
have improved their awareness of pregnancy examination, such as blood glucose and blood pressure during
pregnancy, which have been well controlled. Forth, there were only 497 females in TwinsUK. To avoid over-
estimate of locus-specific effects from GWAS data(56), the genetic contribution of Tfh cells to spontaneous
miscarriages was not analyzed in this study.

Conclusion The present study found that early AAM may produce hallmarks of Tfh cells, then induce
subsequent reproductive events, such as miscarriages and higher TSH levels. Our results may provide a new
concept on the etiology of the AAM-related reproductive events. Larger population studies and functional
studies are warranted.

Ethics approval

The present study was approved by the Ethics Committee of the Shenzhen Baoan Women’s and Children’s
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n Individuals
(%)

n
spontaneous
miscar-
riages(%)

Median time
of
spontaneous
miscarriages
(Days)

Log-Rank P
Value

RR (95%
CI)a

Cox model P
Valuea

Set 35 8 46
AAM[?]14 23(65.7) 3(37.5) 185 0.036 1.00 (ref.)
AAM<14 12(34.3) 5(62.5) 45 17.28

(2.04-146.75)
0.009

Tfh1/Tfh2<0.02918(51.4) 2(25.0) 115 0.038 1.00 (ref.)
Tfh1/Tfh2[?]0.20917(48.6) 6(75.0) 42 12.25

(1.72-87.463)
0.013
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Figure 1. Tfh cells and the age at menarche. (A), Flow analysis of Tfh1, Tfh2 and Tfh17 cells. (B),
Association between the subgroups of Tfh cells with the age at menarche.

Figure 2. Correlation between pre-pregnancy Tfh1/Tfh2 and TSH at early pregnancy.

Figure 3. The rate of spontaneous miscarriage, plotted against time through 15 months of follow-up. (A),
categorized by AAM. (B), categorized by ratio of Tfh1/Tfh2

Figure S1. Comparison of pre-pregnancy Tfh1/Tfh2 ratio in healthy pregnancies (H), threatened miscar-
riages (T) and spontaneous miscarriages (S) .

Figure S2. The causal relationship between AAM and Tfh cells: MR test between AAM and PD1- näıve
Tfh cells, and the shared genetic loci between them: rs1933801 (LIN28B ) and rs1516883 (Chromosome
9p12: LINC01505, TAL and TMEM38B ).
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Figure 3.tif available at https://authorea.com/users/303429/articles/433552-age-at-

menarche-tfh-cells-and-subsequent-reproductive-performance-a-follow-up-and-mendelian-

randomization-study
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