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Background

Unexplained recurrent spontaneous abortion is a serious reproductive problem of unknown etiology. Thyroid peroxidase antibodies (TPO-Ab) may be associated with pregnancy outcomes in unexplained recurrent spontaneous abortion with normal thyroid function.



Objective

This study aimed to investigate the relationship between TPO-Ab and the first trimester miscarriage rate/live birth rate in women of unexplained recurrent spontaneous abortion with normal thyroid function.



Methods

We retrospectively analyzed the clinical data of 297 women who met our strict inclusion criteria, comparing the first trimester miscarriage rate/live birth rate between the TPO-Ab positive and TPO-Ab negative groups. For the same purpose, we also performed subgroup analysis.



Results

Of the included women, 76 (25.6%) were TPO-Ab positive, and 221 (74.4%) were negative. First trimester miscarriage rate differed between the two groups (36.8% vs 24.0%, RR = 1.54, 95% CI: 1.05–2.24, P = 0.030). In the younger subgroup (<35 years) and the primary RSA subgroup, First trimester miscarriage rate was also higher in the TPO-Ab positive group (33.3% vs 19.0%, RR = 1.75, 95% CI: 1.07–2.87, P = 0.030; 36.5% vs 21.7%, RR = 1.69, 95% CI: 1.10–2.58, P = 0.020). While the live birth rate was lower in women with TPO-Ab positive, the difference did not reach statistical significance, even in the subgroup analysis.



Conclusion

Our results suggest that TPO-Ab is associated with first trimester miscarriage rate in euthyroid women with unexplained recurrent spontaneous abortion. 
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Introduction

Recurrent spontaneous abortion (RSA) is a serious reproductive problem (1). It affects approximately 1-5% of women of reproductive age (1). Although uterine malformations, antiphospholipid syndrome, hormonal disorders, infectious diseases, and parental chromosomal abnormalities are recognized causes of RSA, approximately 50% have an unknown etiology (2). Previous studies have shown that unexplained RSA (URSA) is associated with immune abnormalities (3–5).

Thyroid disorder is frequently associated with pregnancy failure, with thyroid autoimmunity (TAI) being the most common cause (6). TAI is defined as the presence of antithyroid antibodies (ATA), such as thyroid peroxidase antibodies (TPO-Ab) and/or thyroglobulin antibodies (TG-Ab) (7). TPO-Ab is the most common antithyroid autoantibody and the majority of women with TPO-Ab have a normal thyroid function (8). It is generally accepted that TPO-Ab positive women have a higher risk of sporadic miscarriage, preterm birth and post-pauterm thyroid disease (8–10). Women with RSA have higher levels of TPO-Ab (11–13), but the effect of TPO-Ab on the clinical outcomes of URSA is highly debated. To our knowledge, only a few studies have discussed the relationship between TPO-Ab and live birth rate (LBR) in women with RSA with normal thyroid function, and the conclusions are conflicting (14–15). About 90% of abortions occur in early pregnancy, and as we know, there is almost no study report about the effects of TPO-Ab on first trimester miscarriage rate (FTMR) in euthyroid women with URSA. In recent years, more and more guildlines have defined RSA as two or more pregnancy losses, as the result, more women will be affected by RSA. Whether TPO-Ab can effectively predict pregnancy outcomes of URSA, need more evidence. In addition, we found that more and more women with RSA were elderly pregnant women and secondary RSA, and there is no research on the relationship between their abortion and TPO-Ab. Therefore, this study aimed to determine the association between TPO-Ab and LBR and first trimester outcomes in euthyroid women with URSA.



Materials and methods


Study design and subjects

We retrospectively analyzed the clinical data of patients with RSA who were hospitalized in the Department of Obstetrics and Gynecology at Sun Yat-sen Memorial Hospital from January 2014 to June 2021. We defined RSA as a patient who experienced two or more pregnancy losses before 24 weeks with the same partner. URSA was defined when there was no known cause. All patients were subjected to a standardized diagnostic protocol and those diagnosed with URSA were included in this study. We collected general information about the patients, including obstetric history, age, gestation week, body mass index (BMI), the status of other autoimmune antibodies (antinuclear antibodies (ANA), anti-endometrial antibodies (AEA), antiovary antibodies (AOA), anticardiolipin antibodies (ACA), anti-beta2-glycoprotein 1 antibodies (anti-β2-GP1 Ab)), first trimester outcome and final pregnancy outcome of the current pregnancy. Patients without records of first trimester or the final pregnancy outcomes were excluded. In addition, patients with abnormal levels of thyroid stimulating hormone (TSH) were screened. All the patients had TPO-Ab test, but only 89 have TG-Ab test. Therefore, based on the status of TPO-Ab, study subjects were divided into two groups: positive and negative. The Ethics Committee of Sun Yat-sen Memorial Hospital approved the work (SYSEC-KY-KS-2022-107).



Measurement of immunological markers

TPO-Ab was detected using a chemiluminescence assay (Siemens Healthcare Diagnostics, Inc., Berlin, Germany) with a cut-off value of 60 U/mL. An indirect immunofluorescence assay (EUROIMMUN Medical Laboratory Diagnostics Co., Ltd., Beijing, China) was used to detect ANA. AEA and AOA were detected using a qualitative ELISA (Anqun Bioengineering Co., Ltd., Shenzhen, China). Total ACA and anti-β2-GP1-Ab were measured using a commercial quantitative ELISA kit (ORGENTEC Diagnostika, Berlin, Germany). TSH levels were measured by direct chemiluminescence assays (Siemens Healthcare Diagnostics, Inc., Berlin, Germany). Both ATA and Chinese guidelines mention that 4.0mU/L can be used as the cut-off point for the upper limit of TSH in early pregnancy. But the guidelines also point out that patient with TSH level > 2.5 mU/L and < 4.0 Um/L, along with TPO-Ab positive, are recommended to treatment like Levothyroxine (LT4). In this study, the patients we included in the study group were those who were TPO-Ab positive and did not have to accept treatment like LT4. According to the guidelines, they were TPO-Ab positive with TSH level < 2.5 mU. For the same reason, TSH level in the control group must be lower than 2.5 mU/L. So we defined TSH levels >2.5 mU/L as an outlier (9).



Outcomes and associations between TPO-Ab and other characteristics

The primary outcomes of this study were FTMR and LBR, there was no patient with still birth. In China, first trimester miscarriage was defined as pregnancy loss before 12 weeks of gestation, and live birth was considered as a live baby delivered after 28 weeks of gestation in China. We then performed a subgroup analysis according to age and RSA subtypes.



Statistical analysis

Statistical analyses were performed using SPSS (version 20.0). Baseline parameters were presented as means plus standard deviations or numbers plus percentages. Categorical variables were compared using chi-square tests, while continuous variables were compared using t-tests. As it was a univariate outcome study, the associations between TPO-Ab and FTMR or LBR were also evaluated using the chi-square test or Fisher’s exact test. Risk ratios (RR) and 95% confidence intervals (CI) were calculated using univariate logistic regression models. P values of 0.05 or lower were considered statistically significant.




Results

A total of 297 euthyroid women with URSA were included in this study. Among them, 76 (25.6%) were TPO-Ab positive, and 221 (74.4%) were TPO-Ab negative.


Baseline characteristics

As for the baseline characteristics, no statistically significant differences were found between the two groups (Table 1).


Table 1 | Comparison of baseline characteristics and autoimmune antibodies in euthyroid women with URSA.





FTMR and LBR

The FTMR was 36.8% in the TPO-Ab positive group and 24.0% in the TPO-Ab negative group. This difference was statistically significant (RR = 1.54, 95% CI: 1.05–2.24, P = 0.030) (Table 2). The LBR was lower in the TPO-Ab positive group than in the TPO-Ab negative group (63.2% vs. 72.9%), but there was no statistically significant difference (RR = 0.87, 95% CI: 0.72–1.05, P = 0.110) (Table 2).


Table 2 | FTMR and LBR in euthyroid women with URSA.





Subgroup analysis

Further subgroup analysis was also performed by age and RSA subtypes to explore whether age and RSA subtypes affected pregnancy outcomes. In the subgroup of euthyroid women with URSA younger than 35 years old, TPO-Ab positive women had significantly higher FTMR than TPO-Ab negative women (33.3% vs 19.0%, RR = 1.75, 95% CI: 1.07–2.87, P = 0.030). However, there was no statistically significant difference in LBR in this subgroup. On the other hand, FTMR and LBR were not statistically significantly different between TPO-Ab positive and TPO-Ab negative women in the subgroup of euthyroid women with URSA aged 35 years or older. For primary RSA, FTMR was higher in the TPO-Ab positive group than that in the TPO-Ab negative group (36.5% vs 21.7%, RR = 1.69, 95% CI: 1.10–2.58, P = 0.020), while LBR was not statistically different between the two groups. Regarding secondary RSA, there were also no statistically significant differences on FTMR and LBR between the TPO-Ab positive and negative groups (Tables 3, 4).


Table 3 | Subgroup analysis of age and types of RSA for FTMR in euthyroid women with URSA.




Table 4 | Subgroup analysis of age and types of RSA on LBR in euthyroid women with URSA.






Discussion

The TPO-Ab positivity rate is 8–14% among women of childbearing age. It is generally accepted that TPO-Ab positivity rate is higher in women with RSA, ranging from 19% to 36% (14). Guideline pointed out that TPO-Ab is associated with sporadic abortion, but there is still great uncertainty about the relationship between TPO-Ab and RSA, in especially primary or secondary URSA with different ages (9). Previous studies have not directly reported whether TPO-Ab affects FTMR in euthyroid women with URSA. Furthermore, the correlation between TPO-Ab and LBR in euthyroid patients with RSA remains controversial (14, 15). Therefore, we conducted this cross-sectional observation study to investigate the relationship between TPO-Ab and the FTMR/LBR in women of URSA with normal thyroid function, hoping to provide more data to help answer these two questions. Our results showed that TPO-Ab positive euthyroid women with URSA had a higher FTMR. No statistical differences were found as for LBR, although there was an increase trend in the negative TPO-Ab group. Furthermore, the study showed that most of the pregnancy losses in both groups occurred in the first trimester of pregnancy. In subgroup anasysis, we also found that FTMR was higher in the ≥35 years or secondary subgroup, and LBR was lower in both subgroups.

Both thyroid disorder and TAI are associated with adverse pregnancy outcomes in all trimesters (6). Studies have shown that thyroid autoantibodies, especially TPO-Ab, can lead to adverse obstetric outcomes, such as miscarriage and preterm delivery, even when thyroid function is normal (16–17). However, the relationship between TPO-Ab and LBR in women with RSA has been fraught with contradictions. Rushworth et al. found no difference in LBR in patients with URSA with or without TPO-Ab (10). Some studies considered levothyroxine (LT4) but did not find any differences (18–19). However, some studies found an increase in LBR in women treated with LT4 (15, 20–21). A recent meta-analysis found that LT4 treatment had a significant effect on LBR, implying that TPO-Ab is associated with lower LBR (14). Our results showed a trend toward increased LBR in the TPO-Ab-negative group, with no statistically significant difference. Possible mechanisms regarding TPO-Ab that causes pregnancy disorders include: 1) circulating TPO-Ab indicates subclinical dysfunction; 2) TPO-Ab can directly affect placentation; 3) it is only a marker of general immune imbalance that affects the immunological relationship between mother and fetus (22). Treatments such as LT4 can reverse the adverse effects of TPO-Ab and therefore makes no difference in LBR between the two groups. More studies are needed to discuss this issue.

This study found that TPO-Ab positive euthyroid women with URSA had higher FTMR than TPO-Ab negative women. The majority of spontaneous abortions in both groups occurred in early pregnancy. We found that while the FTMR in the TPO-Ab positive group was 36.8%, the LBR was 63.2%. No pregnancy loss occurred after the first trimester. Regarding the TPO-Ab negative group, only three cases of pregnancy loss occurred in the second trimester. This suggests that TPO-Ab may mainly affect patients in the early trimester. Other factors may contribute to the adverse outcomes rather than TPO-Ab in the second or third trimester. The review by Matalon et al. has indicated a similar point of view with our study (23). Although the exact mechanism remains unclear, it can be assumed that TPO-Ab causes early miscarriage by activating the immune system and impairing the establishment of immune tolerance during pregnancy. We should pay more attention to TPO-Ab-positive URSA with normal thyroid function in the first trimester of pregnancy and consider treatments such as LT4.

Further subgroup analysis showed that FTMR in TPO-Ab positive women was significantly higher than that of TPO-Ab negative women in the < 35 years subgroup and the primary URSA subgroup respectively, but not in the ≥ 35 years subgroup and the secondary URSA group. This suggests that TPO-Ab may predominantly affect younger women and women with primary URSA. In addition, testing for TPO-Ab in both subgroups should be recommended, and more attention should be given to TPO-Ab positive patients in both subgroups. FTMR was higher in the ≥ 35-year-old and secondary subgroups in this study, while LBR was lower. Advanced maternal age is a well-recognized risk factor for adverse pregnancy outcomes. Poor quality and quantity of eggs contribute to the low pregnancy rate and the high miscarriage rate in women over 35 years of age. A recent systematic meta-analysis reported that miscarriage rates increase when women are older than 35 years, with RR ranging from 1.52 (95% CI: 1.04–2.20) to 8.80 (95% CI: 4.73–16.73) (24). Age is also an independent factor for many pregnancy complications. Women with secondary RSA who had a history of successful pregnancy were relatively older than women with primary RSA. This could explain the higher FTMR and lower LBR in TPO-Ab positive women of ≥ 35-year-old and secondary URSA subgroups. These results give us a hint that we should identify RSA patients as early as possible and screen for causes. In addition, women should conceive and bear at an appropriate age reduce the adverse effect of advance age.

Several strengths of this study are that the characteristics of the two study groups are balanced, and further subgroup analyses were performed to take more possible details into account. For the first time, we directly discussed the relationship between TPO-Ab and FTMR, which is very valuable. These findings strongly enhance our understanding of the relation of TPO-Ab and URSA pregnancy outcomes. However, there are some limitations to the current study, including the fact that the study population was small and that it was a retrospective study. This study may have been subject to allocation, selection, and recall bias. Additionally, we did not analyze the effect of treatment on the study results due to incomplete treatment information. This may also have affected the results obtained. More large population and prospective randomized studies are needed to provide a high level of evidence.



Conclusion

Our study suggests that TPO-Ab is associated with first trimester miscarriage rate in euthyroid women with unexplained recurrent spontaneous abortion, especially in the younger and primary subgroups of RSA. Large randomized controlled studies are needed to confirm this point of view.
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72 (94.7)

11 (14.5)
60 (78.9)
5 (6.6)

1(1.3)
70 (92.1)
5 (6.6)

3(3.9)
70 (92.1)
3(3.9)

6(7.9)
68 (89.5)
2(26)

TPO-AD negative (n = 221)

327 £45
217 +29
31+13
361 55

180 (81.4)
41 (18.6)

14 (6.3)
207 (93.7)

28 (12.7)
179 (81.0)
14 (6.3)

4 (1.8)
203 (91.9)
14 (6.3)

1(0.5)
217 (98.2)
3(14)

8 (3.6)
211 (95.5)
2(09)

P value

0.203
0.416
0.621
0.533
0.864

1.000

0.916

0.957

0.264

0.160





