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Abstract
Background The objective was to investigate the efficacy of different doses of levothyroxine therapy among 
pregnant women exhibiting high-normal thyroid stimulating hormone levels and positive thyroid peroxidase 
antibodies throughout the first half of pregnancy.

Methods Pregnant women exhibiting high-normal thyroid stimulating hormone levels and thyroid peroxidase 
antibodies positivity throughout the initial half of pregnancy were selected from January 2021 to September 2023. 
Based on the different doses of levothyroxine, the pregnant women were categorized into the nonintervention group 
(G0, 122 women), 25 µg levothyroxine intervention group (G25, 69 women), and 50 µg levothyroxine intervention 
group (G50, 58 women). Serum parameters, gastrointestinal symptoms, small intestinal bacterial overgrowth (SIBO), 
maternal and neonatal outcomes were compared after the intervention among the three groups.

Results After the intervention, in the G25 and G50 groups, the thyroid stimulating hormone, triglyceride and low-
density lipoprotein levels were notably less in contrast to those in the G0 group (P < 0.05). The rates of abdominal 
distension and SIBO in the G25 and G50 groups were notably lower in contrast to the G0 group (P = 0.043 and 0.040, 
respectively). The G50 group had a lower rate of spontaneous abortion and premature membrane rupture than the 
G0 group (P = 0.01 and 0.015, respectively). Before 11+ 2 weeks of gestation and at thyroid peroxidase antibodies 
levels ≥ 117 IU/mL, in contrast to the G0 group, the G50 group experienced a decreased rate of spontaneous abortion 
(P = 0.008). The G50 group had significantly higher newborn weight than the G0 group (P = 0.014), as well as a notably 
longer newborn length than the G0 and G25 groups (P = 0.005).

Conclusions For pregnant women with high-normal thyroid stimulating hormone levels and thyroid peroxidase 
antibodies positive during the first half of pregnancy, supplementation with 50 µg levothyroxine was more effective 
in improving their blood lipid status and gastrointestinal symptoms, reducing the incidence of SIBO and premature 
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Introduction
With the advancement of medicine, thyroid dysfunc-
tion has gradually become a focal point of attention for 
clinicians, particularly high-normal thyroid stimulating 
hormone (TSH) levels and thyroid peroxidase antibody 
(TPOAb) positivity, which are among the key concerns 
for obstetricians and gynecologists. High-normal TSH 
refers to TSH levels ranging from 2.5 mIU/L to the 
uppermost extent of normal, accompanied by free thy-
roxine (FT4) within the normal parameters [1]. TPOAb 
positivity refers to levels of thyroid peroxidase antibodies 
(TPOAb) exceeding the maximum value indicated by the 
assay’s reference range, with an incidence rate of 5 − 14% 
in pregnant women [2]. Current evidence suggests that a 
high-normal TSH level with TPOAb positivity elevates 
the likelihood of unfavorable maternal-fetal outcomes, 
for instance spontaneous miscarriage, preterm delivery, 
gestational hypertension, as well as fetal intrauterine dis-
tress [3, 4].

Karbownik-Lewińska et al. observed that individuals 
with high-normal TSH levels are prone to abnormal tri-
glycerides (TG) [5]. Disrupted lipid levels create a lipo-
toxic environment, characterized by oxidative stress, 
inflammation, and alterations in lipid transport and 
metabolism, ultimately diminishing trophoblast inva-
sion further. This scenario affects placental metabolism, 
function, and fetal development [6]. Studies conducted 
by Rohlfing and Chen further emphasized the asso-
ciation of elevated TG with total cholesterol (TC) lev-
els during pregnancy, highlighting a heightened risk of 
complications, including gestational diabetes mellitus 
(GDM), macrosomia, and preterm birth [7, 8]. Moreover, 
gut microbiota has gradually attracted attention in recent 
years. Small intestinal bacterial overgrowth (SIBO), 
reflecting disruptions in intestinal flora, is characterized 
by abnormal bacterial proliferation in the small intestine, 
leading to gastrointestinal symptoms [9]. SIBO not only 
triggers gastrointestinal symptoms such as abdominal 
distension and constipation in patients, but also induces 
metabolic disturbances, disrupts intestinal immunity, 
leads to intestinal permeability, and consequently con-
tributes to immune system dysregulation [10]. The com-
promised immune tolerance in gravid females heightens 
the likelihood of unfavorable maternal-fetal outcomes, 
for instance spontaneous abortion [11].

Guidelines for prevention and management of thyroid 
diseases during pregnancy and perinatal period in 2022 
recommended levothyroxine (LT4) replacement therapy 

for gravid females exhibiting the normal high range of 
TSH levels and TPOAb positivity [1]. However, interna-
tional guidelines do not distinctly advocate or discour-
age LT4 therapy for gravid females with the normal high 
range of TSH levels and TPOAb positivity [12]. More-
over, there is a dearth of research on the dosage of LT4 
treatment for this specific population. Therefore, this 
study aimed to delve into the optimal dosage of LT4 for 
pregnant women with the normal high range of TSH lev-
els and TPOAb positivity to guide clinical work.

Materials and methods
Study cohort
From January 2021 to September 2023, the study ret-
rospectively investigated pregnant women undergoing 
thyroid function tests at the Third Affiliated Hospital of 
Zhengzhou University. In all, 249 pregnant women were 
included, comprising the untreated group (G0, n = 122), 
the group treated with 25  µg LT4 (G25, n = 69), and the 
group treated with 50 µg LT4 (G50, n = 58).

The criteria for inclusion were as outlined below: (1) 
gestational age should not exceed 20 weeks; and (2) thy-
roid function within the reference ranges operated by the 
Clinical Laboratory at Zhengzhou University Third Affili-
ated Hospital: a TPOAb level > 34 IU/mL; an FT4 level of 
12.1 pmol/L − 19.6 pmol/L as well as levels of TSH rang-
ing from 2.5 mIU/L to 4.0 mIU/L during initial period 
of pregnancy; and an FT4 level of 9.63 pmol/L − 17.0 
pmol/L, and levels of TSH ranging from 2.5 mIU/L to 4.1 
mIU/L in mid-pregnancy.

The criteria for exclusion were as outlined below: (1) 
concurrent hypothyroidism, subclinical hypothyroidism, 
or hyperthyroidism; (2) assisted reproduction; (3) mul-
tiple pregnancy; (4) coexisting autoimmune diseases such 
as antiphospholipid syndrome, thrombophilia, and oth-
ers; (5) severe gastrointestinal diseases, a history of gas-
trointestinal surgery, or the use of medications affecting 
the gut microbiota, such as probiotics and prebiotics; (6) 
irregular prenatal care, the inability to track medication 
usage and the lack of follow-up thyroid function tests; 
and (7) adverse reactions to LT4 treatment.

Data extraction
For participants included in the study, data on personal 
attributes [age, body mass index (BMI)], reproductive 
background, past pregnancies, thyroid function levels at 
the onset of thyroid dysfunction and after 4 weeks of LT4 
(Merck Health KgaA, registration number: H20140052) 

rupture of membranes, and before 11+2 weeks, TPOAb ≥ 117 IU/mL proved more beneficial in mitigating the risk of 
spontaneous abortion.
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treatment, serum indicators such as total cholesterol, 
triglycerides, high-density lipoprotein (HDL), and low-
density lipoprotein (LDL) concentrations, digestive 
symptoms (diarrhea, bloating, constipation), SIBO, and 
LT4 dosage were recorded. Probiotics (Sienkang, National 
drug approval: S20060010) and prebiotics (Risikon®, 
production license number: SC13061011200721) were 
administered to pregnant women with SIBO. Patient 
records were reviewed for antenatal conditions (prema-
ture rupture of membranes, fetal intrauterine distress, 
placental abruption, etc.), perinatal outcomes (emer-
gency cesarean section, amount of bleeding during deliv-
ery, etc.), and neonatal outcomes (weight, length, Apgar 
score, neonatal admission rate, etc.).

Thyroid function laboratory assays
Including TSH, FT4, and TPOAb, thyroid function 
parameters were determined in the laboratory using 
electrochemical luminescence immunoassay technique 
(Cobas e 801, Roche Diagnostics, Mannheim, Ger-
many). The precise ranges of values used as a reference 
for assessing thyroid gland function, as operated by the 
Clinical Laboratory in conformity with the “Guidelines 
for prevention and management of thyroid diseases 
during pregnancy and perinatal period”, are as follows: 
TPOAb: 0 IU/ml − 34 IU/ml. In early pregnancy, FT4 is 
considered normal within the range of 12.1 pmol/L − 19.6 
pmol/L, and TSH is considered normal within the range 
of 0.33 mIU/L − 4.0 mIU/L. In the midst of pregnancy, 
the FT4 range is 9.63 pmol/L − 17.0 pmol/L, and that for 
TSH is 0.45 pmol/L − 4.1 pmol/L.

Determining small intestinal bacterial overgrowth
Diagnostic criteria were defined using the standards of 
Breath Tracker SC (QuinTron Instruments, Milwaukee, 
WI, USA) in accordance with the North American con-
sensus: (1) An initial rise of ≥ 20 ppm in hydrogen in the 
first 90  min after substrate ingestion indicated an SIBO 
diagnosis; (2) A methane level equal to or exceeding 10 
ppm at any juncture was deemed indicative of SIBO; (3) if 
the abundances of methane and hydrogen fail to meet the 
above values and their combined sum surpasses the base-
line sum, accompanied by methane abundance exceeding 
15 ppm within 90 min, a diagnosis of SIBO is considered 
[13]. Due to the shorter blind time in the Asian popula-
tion compared to Western populations and the fact that 
lactulose shortens the blind time, this study adopted a 
20-minute interval for breath sampling to reduce the 
false-positive rate [14].

Pregnancy outcomes
Pregnancy-related outcomes encompassed maternal 
complications, comorbidities, and neonatal outcomes. 
Maternal complications and comorbidities included 

spontaneous abortion, preterm birth, GDM, gestational 
hypertension, placental abruption, fetal intrauterine 
distress, premature rupture of membranes, emergency 
cesarean section, and intrapartum hemorrhage. Neona-
tal outcomes comprised newborn weight, length, Apgar 
scores, and neonatal admission rate.

Statistical analysis
Using SPSS 26.0 (SPSS, Chicago, IL, USA), the numeri-
cal evaluations were conducted. Normality tests were 
performed for continuous variable data, and continuous 
variables following a normal distribution are presented 
using the mean along with the standard deviation. To 
compare variations across multiple groups, a post hoc 
comparison was conducted following the utilization of 
analysis of variance (ANOVA). Nonnormally distributed 
continuous variables are represented by medians and 
quartiles, and rank sum test was employed for intergroup 
comparisons, along with multiple analyses. Percentage 
and frequency distributions were used to present cat-
egorical data, with comparisons made through either the 
chi-square test or Fisher’s exact probabilistic test. In this 
study, the significance level of P < 0.05 was utilized.

Results
Basic clinical characteristics of the included pregnant 
women
The fundamental details of the pregnant subjects, includ-
ing age, BMI, gestational weeks, adverse obstetric his-
tory, and other features (Table 1). In comparing the three 
groups, no statistically significant differences emerged 
with respect to age, BMI, gestational weeks, adverse 
obstetric history, parity, and gravidity. In terms of serum 
indicators, the three groups exhibited similarity in thy-
roid function markers such as FT4, TSH, and TPOAb, as 
well as in lipid levels including TC, TG, HDL, and LDL, 
with no statistically significant differences observed.

Serum parameters in the three groups of pregnant women 
receiving different doses of LT4 treatment
Following the intervention, compared to those in the G0 
group, the FT4 levels from the G25 and G50 groups were 
conspicuously raised (P < 0.001). Similarly, the TSH levels 
in the G25 and G50 groups were notably decreased com-
pared to G0 group (P < 0.001) (Table 2). Regarding blood 
lipids, TG and LDL levels in the G25 and G50 groups 
were notably decreased from the G0 group (P = 0.046 
and P = 0.033, respectively). Nevertheless, there were no 
notable variances in TC and HDL levels among the three 
groups.



Page 4 of 9Tian et al. Lipids in Health and Disease          (2024) 23:101 

Gastrointestinal symptoms and the SIBO rate in the three 
groups of pregnant women receiving different doses of LT4 
treatment
Before the intervention, there were no statistically nota-
ble disparities in gastrointestinal symptoms (diarrhea, 
bloating, constipation) or the SIBO rates among the three 
groups. Following the LT4 intervention, the occurrence 
rates of bloating and SIBO in the G25 and G50 groups 
were of a lower value than those in the G0 group, exhib-
iting a statistically significant difference (P = 0.043 and 

P = 0.040, respectively). Among the three groups, there 
were no notable variances in diarrhea and constipation 
rates (Table 3).

Maternal outcomes in the three groups
According to the results shown in Table  4, the rates of 
spontaneous pregnancy loss and premature membrane 
rupture in the G50 group were notably lower as compared 
with the G0 group (pregnancy loss showing a P value 
of 0.01, while membrane rupture exhibited a P value of 
0.015). The incidence rates of preterm birth, GDM, gesta-
tional hypertension, placental abruption, fetal intrauter-
ine distress, and emergency cesarean section, as well as 
intrapartum hemorrhage, decreased in the G50 group in 
contrast to those in the G0 group, without any notable 
differences. Among the women who experienced sponta-
neous abortion in the G0, G25, and G50 groups, there were 
no cases of bleeding during delivery.

Spontaneous abortion rates among pregnant women 
taking different doses of LT4 at different gestational weeks 
and TPOAb levels
The area under the curve (AUC) for gestational age cor-
responding to spontaneous abortion was 0.682 (95% CI: 
0.598–0.766, P = 0.001), with a Youden index of 0.396, 
according to receiver operating characteristic (ROC) 
analysis. The corresponding cutoff value was 11.22 weeks. 
At a cutoff of 11.22 weeks, the specificity for spontaneous 
abortion during this period was 87.5%, and the sensitivity 
was 52.10%.

Table 5 shows the spontaneous abortion rates of preg-
nant women at different gestational weeks and TPOAb 
levels. There was a notable variance in the spontaneous 
abortion rates among the three groups (P = 0.036). The 
ROC curve cutoff for gestational weeks was 11.22, i.e., 
11+ 2 weeks. In the subgroup analysis of spontaneous 
abortion rates, the G50 group had a notably lower spon-
taneous abortion rate than the G0 group when the ges-
tational age was before 11+ 2 weeks and the TPOAb level 
was ≥ 117 IU/mL (P = 0.018). There was no notable varia-
tion in the spontaneous pregnancy loss rates among the 
three groups when the gestational age was before 11+ 2 
weeks and the TPOAb level was < 117 IU/mL or when the 
gestational age was between 11+ 2 weeks and 20 weeks.

Table 1 General information comparison among pregnant 
women
Parameter G0 (n = 122) G25 (n = 69) G50 (n = 58) P
Age (years) 30.00(27.00–

33.00)
31.00(29.00–
34.00)

31.00(28.00–
32.00)

0.250

BMI (kg/m2) 21.39(19.36–
23.49)

21.88(20.32–
23.78)

21.64(20.21–
23.55)

0.308

Gestational 
weeks

11.65(7.40–
13.50)

8.57(6.43–
12.43)

11.79(7.40-13.47) 0.084

Adverse 
obstetric 
history

0(0–0) 0(0–1) 0(0–0) 0.059

Pregnancy 2(1–2) 2(1–3) 2(1–2) 0.355
Parity 0(0–1) 0(0–1) 0(0–1) 0.920
FT4 (pmol/L) 15.00(13.90-

16.43)
15.10(13.60–
16.80)

14.85(13.20-16.83) 0.529

TSH (mIU/L) 3.02(2.77–
3.41)

3.04(2.80–
3.51)

3.17(2.85–3.67) 0.171

TPOAb (IU/
mL)

125.00(72.08-
251.25)

169.00(85.85–
294.50)

150.00(85.45-
279.25)

0.184

TC (mmol/L) 4.63 ± 0.68 4.73 ± 0.50 4.56 ± 0.54 0.288
TG (mmol/L) 1.34 ± 0.41 1.44 ± 0.49 1.37 ± 0.33 0.263
HDL 
(mmol/L)

1.75 ± 0.34 1.82 ± 0.40 1.71 ± 0.37 0.199

LDL (mmol/L) 2.53 ± 0.63 2.68 ± 0.55 2.52 ± 0.69 0.243
Numerical data are exhibited as either the median along with its interquartile 
range or as the mean along with the standard deviation. All comparisons were 
corrected using Bonferroni correction

Table 2 Serum comparisons in the three groups of pregnant 
women receiving different doses of LT4 treatment
Parameter G0 (n = 122) G25 (n = 69) G50 (n = 58) P
FT4 (pmol/L) 12.75(11.50–

13.70)
13.70(12.10–
14.90) a

14.05(12.68–
16.13) b

<0.001

TSH (mIU/L) 3.66(2.45–
4.16)

2.37(1.77–
2.89) c

2.07(1.55–
2.98) d

<0.001

TPOAb (IU/mL) 67.55(37.60-
140.25)

82.80(46.80–
179.00)

99.25(54.53-
200.53)

0.072

TC (mmol/L) 5.91 ± 0.90 5.87 ± 0.82 5.67 ± 0.69 0.210
TG (mmol/L) 3.26 ± 0.94 3.01 ± 0.75 2.97 ± 0.79 0.046
HDL (mmol/L) 2.17 ± 0.44 2.04 ± 0.49 2.08 ± 0.47 0.148
LDL (mmol/L) 4.23 ± 0.81 4.02 ± 0.79 3.93 ± 0.67 e 0.033
Numerical data are exhibited as either the median along with its interquartile 
range or as the mean along with the standard deviation. a demonstrates P < 0.01 
in contrast to the G0 group; b, c, and d indicate P < 0.001 in contrast to the G0 
group; e indicates P < 0.05 in comparison to the G0 group. All comparisons were 
corrected using Bonferroni correction

Table 3 Gastrointestinal symptoms and the SIBO rate 
comparisons among the three groups
Parameter G0 (n = 122) G25 (n = 69) G50 (n = 58) P
Diarrhea (%) 18.9(23/122) 11.6(8/69) 10.3(6/58) 0.217
Bloating (%) 28.7(35/122) 17.4(12/69) 13.8(8/58) 0.043
Constipation (%) 21.3(26/122) 11.6(8/69) 13.8(8/58) 0.176
SIBO+ (%) 32.0(39/122) 18.8(13/69) 17.2(10/58) 0.040
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Neonatal outcomes among the three groups of pregnant 
women
In the G50 group, the weight of neonates was notably 
greater compared to the G0 group (P = 0.014), and the 
length of neonates from the G50 group was notably longer 
than that of neonates from both the G0 and G25 groups 
(P = 0.005). Nevertheless, there were insignificant differ-
ences in terms of the occurrence of macrosomia, Apgar 
scores at 1 and 5 min, or the rate of neonatal hospitaliza-
tion among the three groups, as shown in Table 6. In the 
G0 group, one neonate was transferred to the neonatal 
intensive care unit, with one case of severe asphyxia and 
one case of mild asphyxia. There was one case of the neo-
natal intensive care unit transfer in the G25 group.

Discussion
Thyroid hormones fulfill an essential function in fetal 
brain development, with fetal thyroid development 
occurring between 8–12 weeks and the thyroid becom-
ing functional at approximately 18–20 weeks [15]. 
Consequently, during the first half of pregnancy (≤ 20 ges-
tational weeks), fetal development significantly relies on 
maternal thyroid hormone provision. High-normal TSH 
levels and TPOAb positivity can lead to adverse preg-
nancy outcomes in pregnant women. Some studies sug-
gest that reproductive-age women with the normal high 
range of TSH levels and TPOAb positivity should receive 
LT4 treatment [5, 16]. However, there is a lack of research 
on the appropriate dosage of LT4 for such patients, both 
domestically and internationally. Therefore, the primary 
objective of this research was to evaluate the therapeu-
tic efficacy of different LT4 doses for gravid females with 
high-normal TSH levels and TPOAb positivity in the ini-
tial half of pregnancy.

This study found that the FT4 levels in the G25 and 
G50 groups were notably elevated compared to those in 
the G0 group after LT4 intervention, while the TSH lev-
els were significantly lower. Supplemented LT4 can be 
metabolized into FT4 in the body, which is subsequently 
transformed into triiodothyronine (T3) by the action of 
deiodinase. T3, through negative feedback regulation 
[17], reduces the production and release of thyrotropin-
releasing hormone in the hypothalamus, subsequently 
decreasing the synthesis and secretion of TSH [18]. The 

Table 4 Contrast of maternal outcomes across the three groups of pregnant women
Parameter G0 (n = 122) G25(n = 69) G50 (n = 58) P P1 P2 P3

Spontaneous abortion (%) 17.2(21/122) 13.0(9/69) 3.4(2/58) 0.036 0.447 0.01 0.055
Preterm birth (%) 6.6(8/122) 10.1(7/69) 1.7(1/58) 0.164 0.376 0.275 0.07
GDM (%) 23.0(28/122) 27.5(19/69) 13.8(8/58) 0.168 0.48 0.151 0.059
Gestational hypertension (%) 5.7(7/122) 7.2(5/69) 0(0/58) 0.105 0.759 0.098 0.062
Placental abruption (%) 0.8(1/122) 1.4(1/69) 1.7(1/58) 0.8 1 0.542 1
Fetal intrauterine distress (%) 19.7(24/122) 11.6(8/69) 10.3(6/58) 0.162 0.151 0.117 0.823
Premature rupture of membranes (%) 18.9(23/122) 17.4(12/69) 5.2(3/58) 0.049 0.802 0.015 0.034
Emergency cesarean section (%) 11.5(14/122) 8.7(6/69) 5.2(3/58) 0.387 0.547 0.117 0.507
Intrapartum hemorrhage (ml) 280(200–305) 300(220–315) 230(180–330) 0.136 0.357 0.169 0.054
P1 illustrates the G0 and G25 groups comparison, P2 illustrates the G0 and G50 groups comparison, and P3 illustrates the G25 and G50 groups comparison; All comparisons 
were corrected using Bonferroni correction

Table 5 Comparison of spontaneous abortion rates among 
pregnant women at different gestational weeks and TPOAb 
levels
Parameter TPOAb (IU/

mL)
G0 
(n = 122) 
(%)

G25 
(n = 69) 
(%)

G50 
(n = 58) 
(%)

P

Gestational 
weeks < 11.22

- 30.0(18/60) 20(9/45) 3.7(1/27) 0.021
< 117 17.9(5/28) 18.8(3/16) 0(0/9) 0.526
≥ 117 40.6(13/32) 20.7(6/29) 5.6(1/18) 

f
0.018

Gestational 
weeks ≥ 11.22

- 4.8(3/62) 0(0/24) 3.2(1/31) 0.810
< 117 6.7(2/30) 0(0/5) 6.7(1/15) 1.0
≥ 117 3.1(1/32) 0(0/19) 0(0/16) 1.0

f indicates P = 0.008 compared to the G0 group. All comparisons were corrected 
with Bonferroni correction

Table 6 Neonatal outcomes comparisons in three pregnancy groups
Parameter G0 (n = 122) G25 (n = 69) G50 (n = 58) P P1 P2 P3

Macrosomia (%) 1.6(2/122) 4.3(3/69) 5.2(3/58) 0.36 0.354 0.33 1
Neonatal admission rate (%) 18.0(22/122) 18.8(13/69) 13.8(8/58) 0.719 0.91 0.462 0.446
Neonatal weight (g) 3240.0(2942.5–3455.0) 3260.0(2980.0-3475.0) 3350.0(3142.5–3565.0) 0.046 0.529 0.014 0.102
Length (cm) 51(50–52) 51(49–52) 51 (51-52.5) 0.005 0.965 0.001 0.014
Apgar 1 min 10(10–10) 10(10–10) 10(10–10) 0.077 0.218 0.037 0.328
Apgar 5 min 10(10–10) 10(10–10) 10(10–10) 0.185 0.823 0.061 0.089
P1 refers to the comparison between the G0 and G25 groups, P2 refers to the comparison between the G0 and G50 groups, and P3 refers to the comparison between 
the G25 and G50 groups. All comparisons were corrected using Bonferroni correction
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TG and LDL levels in the 50 µg LT4 intervention group 
were clearly lower and significantly reduced compared to 
those in the non- intervention group. Michalopoulou et 
al. observed that individuals with high-normal TSH lev-
els taking 50 µg LT4 could significantly reduce LDL lev-
els compared with patients with low-normal TSH levels, 
which aligns with the outcomes observed in this research. 
However, they also found that it could reduce TC levels 
[19], which is contradictory to the results of this study. 
This may be caused by the incomplete consistency of 
the included populations. The mechanisms of improve-
ment in blood lipids after taking LT4 in gravid females 
exhibiting high-normal TSH levels and TPOAb positiv-
ity in the first half of pregnancy may be as follows: (1) 
T3, converted from supplemented LT4, binds with thy-
roid hormone receptors (TRs), forming a complex with 
transcriptional activation, which may activate adenosine 
monophosphate-activated protein kinase and increase 
the number of autophagosomes and lysosomes [20]; then, 
autophagosomes, by engulfing TG, fuse with lysosomes, 
promoting the degradation of TG [21]. (2) Supplemented 
LT4, after conversion to T3 in the body, reduces TSH lev-
els through negative feedback regulation, decreasing the 
stimulation of steroid regulatory element-binding protein 
by TSH; subsequently, proprotein convertase subtilisin/
kexin type 9 (PCSK9) in liver cells is reduced. Lower-
ing PCSK9 levels can increase LDL receptors located on 
liver cells, promoting the degradation of LDL and thereby 
improving lipid metabolism [22, 23]. Therefore, this study 
suggests that gravid females with high-normal TSH lev-
els and TPOAb positivity who take LT4 in the first half of 
pregnancy may improve their lipid metabolism.

The study also found that the occurrence of bloat-
ing and SIBO in the G50 group after the intervention 
showed a reduction compared to the G0 group. Komi-
yama et al. discovered that administering LT4 to neo-
nates with extremely low birth weight who suffer from 
hypothyroxinemia can improve abdominal distension 
symptoms [24], consistent with the research findings. 
Thyroid hormones participate in various processes in 
the intestines, with the intestinal epithelium being one 
of the target sites for thyroid hormones. The possible 
mechanisms for improving gastrointestinal symptoms 
and SIBO positivity rate after taking LT4 in patients with 
the normal high range of TSH levels and TPOAb posi-
tivity in the first half of pregnancy include the following: 
(1) LT4 conversion to T3, which can bind to TRs in the 
intestinal epithelium, activate TRs binding to specific 
DNA, promote its expression, induce intestinal cell pro-
liferation, maintain intestinal homeostasis, and alleviate 
bloating symptoms by reducing the gas production and 
fermentation caused by abnormal microbial communi-
ties [25, 26]. (2) The previous findings of our research 
group revealed an increased abundance of Roseburia, a 

hydrogen-producing bacterium, in pregnant women with 
thyroid dysfunction [27]. Supplemented LT4 enters the 
body and is converted into T3, which can bind to TRs in 
macrophages, promote anti-inflammatory response [28], 
reduce the occurrence of leaky gut, reduce hydrogen-
producing bacteria and methanogens, correct intestinal 
flora disorders, and reduce the rate of SIBO in pregnant 
women [29, 30]. Therefore, this study suggests that gravid 
females with the normal high range of TSH levels and 
TPOAb positivity in the first half of pregnancy who take 
LT4 may improve gastrointestinal symptoms and SIBO 
by enhancing the intestinal barrier and regulating the 
intestinal microenvironment.

The results of this research disclosed that the occur-
rence of spontaneous pregnancy loss and premature 
membrane rupture was less frequent in the G50 group in 
comparison to the G0 group. The research conducted by 
Yang et al. demonstrated that the use of LT4 reduced the 
incidence of pregnancy loss in TPOAb positive gravid 
females [31], which aligns with findings of this study. 
However, the research conducted by Di Girolamo et al. 
suggested that LT4 did not significantly improve the like-
lihood of miscarriage in pregnant women positive for 
TPOAb [32], which contradicts the results. This discrep-
ancy may be attributed to differences in inclusion criteria, 
regional variations, and long intervals between studies. 
The mechanisms of improving spontaneous abortion 
and premature rupture of membranes after taking LT4 in 
gravid females with high-normal TSH levels and TPOAb 
positivity in the first half of pregnancy include the follow-
ing: (1) LT4 supplementation can reduce TG, decreasing 
the production of fatty acids by TG degradation. This, 
in turn, mitigates the disruption of T-cell subset balance 
by fatty acids [33], reducing systemic inflammation [34]. 
Additionally, LT4 supplementation may restore intestinal 
microbiota homeostasis, reducing inflammation caused 
by intestinal permeability and thereby restoring immune 
accommodation at the interface between mother and 
fetus, ultimately lowering the risk of miscarriage [35, 36]. 
(2) After supplementing LT4, the levels of thyroxine (T4) 
and T3 increased in the body, T4 and T3 can increase 
the expression of oncofetal fibronectin and integrin 
α5β1, facilitating adhesion between extravillous tropho-
blast and the decidua. This upregulates the expression 
of metalloproteinases, enhancing the degradation of the 
endometrial extracellular matrix. These actions contrib-
ute to the remodeling of spiral arteries and the genera-
tion of decidual blood vessels by increasing the presence 
of factors like angiogenesis promoting factor and tropho-
blastic growth stimulant, ultimately reducing the risk of 
miscarriage [37]. (3) LT4, when converted by deiodinases 
into active T3, can bind to TRs in decidual cells, promot-
ing the transcription of genes involved in thyroid hor-
mone responses. This process increases the expression 
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of nitric oxide synthase 2 (NOS2) and the anti-inflamma-
tory cytokine interleukin-10 (IL-10) in the decidua, pre-
venting inflammation-induced weakening and rupture 
of the amniotic sac, and consequently reducing the risk 
of premature rupture of the amniotic sac [37, 38]. There-
fore, this study suggests that the administration of 50 µg 
LT4 to gravid females with the normal high range of TSH 
levels and TPOAb positivity in the first half of pregnancy 
may be more effective in improving harmful obstetric 
outcomes for instance miscarriage and premature rup-
ture of membranes.

The investigation further explored the impact of dif-
ferent doses of LT4 on spontaneous abortion in gravid 
females at various gestational weeks and with different 
TPOAb levels. ROC analysis yielded a gestational week 
cutoff value of 11 weeks and 2 days. Before 11+ 2 weeks 
of gestation, at TPOAb levels ≥ 117 IU/mL, the G50 group 
exhibited a notably lower rate of spontaneous abortion 
in comparison to the G0 group. The study results align 
with those reported in prior research indicating that 
LT4 supplementation in women with high-normal TSH 
levels during early pregnancy can reduce the incidence 
of spontaneous abortion [39]. For embryo implantation 
and pregnancy, decidualization is necessary in early preg-
nancy. In women with the normal high range of TSH lev-
els and TPOAb levels ≥ 117 IU/mL before 11+ 2 weeks of 
gestation, the administration of 50 µg LT4 may reduce the 
risk of spontaneous abortion for the following reasons: 
(1) LT4 supplementation may reduce the risk of hypothy-
roidism caused by elevated TPOAb levels [36], and suf-
ficient thyroid hormones can promote the upregulation 
of progesterone receptor-AB mRNA induced by ovarian 
steroid hormones, facilitating progesterone receptor sig-
nal transduction, aiding endometrial decidualization, and 
promoting embryo implantation [40], thereby lowering 
the risk of spontaneous abortion. (2) T4 and T3, which 
are converted though supplementation with LT4, facili-
tate the secretion of human placental prolactin, estradiol, 
progesterone, and human chorionic gonadotropin as well 
as the expression of placental growth factors when they 
reach the placenta. This promotes the differentiation of 
the trophoblastic layer and the formation of decidual 
angiogenesis, facilitating normal placental development 
[37, 41], and reducing the risk of spontaneous abortion 
in pregnant women. Therefore, this study recommends 
supplementation with 50 µg LT4 for gravid females with 
high-normal TSH levels and TPOAb levels ≥ 117 IU/mL 
identified before 11+ 2 weeks of gestation, as it can suc-
cessfully decrease the risk of spontaneous abortion.

The study found that the weight of neonates from the 
G50 group notably exceeded that of neonates from the 
G0 group, and the length of neonates from the G50 group 
was notably longer compared to that of neonates from 
the G0 and G25 groups. In their study, Huget-Penner et al. 

mentioned that LT4 supplementation in gravid females 
with hypothyroidism can improve the pregnancy out-
comes of low birth weight infants [42], which supports 
the outcomes observed in this study. This may be attrib-
uted to the supplementation of 50 µg LT4, allowing more 
thyroid hormones to pass through the placenta into the 
fetal circulation, modifying fetal gene expression, cell 
proliferation, and differentiation during organ formation, 
thereby promoting fetal development [43]. Therefore, this 
study recommends that in gravid females with the nor-
mal high range of TSH levels and TPOAb positivity in 
the initial half of pregnancy, 50 µg LT4 is more effective 
in supplementing thyroid hormones, and improving neo-
natal developmental status, while the effect of 25 µg LT4 
is not significant.

Strengths and limitations
This study had some advantages. First, it used strict diag-
nostic criteria to evaluate the outcomes of gravid females 
with high-normal TSH levels and TPOAb positivity tak-
ing different doses of LT4. Secondly, it conducted a more 
detailed subgroup analysis of spontaneous abortion 
among pregnant women across different gestational ages 
and TPOAb levels to understand the differences between 
the subgroups. Some limitations were also evident in this 
study. Although this study tried its best to ensure the rep-
resentativeness and reliability of the sample, the sample 
size was limited and there may be some biases. In order 
to overcome these limitations, future studies will expand 
the sample size and strengthen follow-up, monitoring 
and quality control during the research process to reduce 
research bias.

Conclusions
There is currently a lack of research on the impact of 
doses of LT4 on the outcomes of pregnancy among 
women with high normal TSH values and TPOAb posi-
tive in the initial half of pregnancy. This study found that 
gravid females with the normal high range of TSH lev-
els and TPOAb positivity in the first half of pregnancy 
who supplemented with 50  µg LT4 were more effective 
in improving their blood lipid status and gastrointesti-
nal symptoms, reducing the incidence of SIBO and pre-
mature rupture of membranes, and before 11+ 2 weeks, 
TPOAb ≥ 117  IU/mL proved more beneficial in mitigat-
ing the risk of spontaneous abortion. This provides a the-
oretical basis for the treatment of the disease.
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