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ABSTRACT. This study aimed to investigate the thyroid peroxidase 
antibody (TPOAb) positive rate and how TPOAb affects thyroid 
function between 7 and 12 weeks of gestation. Six hundred and 
eleven cases of healthy primipara were enrolled in this study between 
September 2010 and June 2011, and all of them were given a regular 
prenatal check in Beijing Friendship Hospital. By detecting the levels 
of thyroid stimulating hormone (TSH), free thyroxine (FT4), and 
TPOAb between 7 to 12 weeks gestation, we developed an early thyroid 
function normal reference interval during pregnancy. Additionally, we 
analyzed the TPOAb-positivity cutoff value, the positive rate, and the 
affect of TSH and FT4. We found that the TPOAb median values and 
changes in the range were 38.9 (6.4-1300+) mU/L. By establishing an 
7-12 week gestational-specific reference standard for pregnancy, we set 
a positive cutoff value of 206.77 mU/L according to the 90th percentile 
TPOAb. The TPOAb positive rate was 10.8% (66/611). Regression 
analysis showed that, during gestation between 7 and 12 weeks, the 
titers of TPOAb and TSH correlate positively and negatively with FT4, 
β = 1.406 and 0.820, respectively [95%CI (1.349-1.413, 0.805-0.835), 
P = 0.000]. Pregnant TPOAb positive women are more likely to suffer 
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from markedly increased TSH levels, with increased risk being 3-4-fold 
greater than in a normal pregnancy.
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INTRODUCTION

Thyroid peroxidase antibody (TPOAb) is a serological marker of autoimmune thyroid 
disease (AITD), which more commonly affects pregnant women. Hence, TPOAb is associated 
with adverse pregnancy outcomes (Lepoutre et al., 2012). Previous studies show and report 
that the TPOAb positive rate of early pregnancy is quite different and ranges from 5 to 17% 
(Haddow et al., 2010; Männistö et al., 2011). This is mainly due to the lack of pregnancy 
TPOAb-positive criteria. In addition, this variation in the TPOAb positive rate also relates to 
differences in race, age, and laboratory testing methods. There were 611 healthy primipara 
included in this study, and all of them carried out prenatal checks at the Beijing Friendship 
Hospital obstetric outpatient center from September 2010 to June 2011.

For the pregnant women mentioned above, thyroid function and TPOAb were de-
tected at 7 to 12 weeks. Accordingly, the specific thyroid function reference standard and 
a TPOAb positive cutoff value were established for the primipare who received a prenatal 
check in Beijing Friendship Hospital from 7 to 12 gestational weeks. Moreover, the effects of 
TPOAb on thyroid stimulating hormone (TSH) and free thyroxin (FT4) levels were analyzed 
and explored. Hopefully, this study can provide a reference for clinicians.

MATERIAL AND METHODS

Object of study

There were 611 healthy primipara included in this study, and all of them received a 
prenatal check at the Beijing Friendship Hospital obstetric outpatient center from September 
2010 to June 2011 (they denied having any chronic diseases, history of thyroid disease, family 
history of thyroid disease, or adverse birth history). They ranged in age from 21 to 41 years old 
(29 ± 3.08). All had a single pregnancy. Thyroid function (TSH, FT4) and TPOAb were detect-
ed at 7 to 12 weeks of gestation. Furthermore, the median urinary iodine level was 150.31 g/L.

General data collection

The study subjects participated in a questionnaire survey project, which included 
questions regarding whether they had earlier suffered from chronic diseases or not, reproduc-
tive history, personal and family history of thyroid disease, iodine deficiency, life history, diet 
habits, and other factors.

Laboratory tests

We obtained 3 mL blood from fasting pregnant women and then separated the serum. We 
used the chemiluminescence immunoassay to test serum TSH, FT4, and TPOAb levels. TSH and 
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FT4 measurements were carried out using Beckman (BECKMAN COULTER Unicel DXI 800, 
USA) instruments and kits. The determination of TPOAb levels was carried out using Centaur in-
struments and kit (ADVIA Centaur, Germany). After testing, our data showed that both inter- and 
intra-assay variation was <6%. The maximum detection range of TPOAb was <1300 mU/L.

TPOAb positive cutoff value and the normal reference range

Following manufacturer protocols, reference ranges of TPOAb were obtained to be 
between 0 and 60 mIU/L, and the positive cutoff value was 60 mIU/L. In this study, gestational 
crowd-specific reference standards were used. Methods were as follows: 1) Initially, we ensured 
that the study population had a normal TSH reference interval. According to the recommenda-
tion of the NACB (National Academy of Clinical Biochemistry), we set the range of TSH as the 
95% confidence intervals of a “standard population”. The conditions of a “standard population” 
in pregnancy excluded a history of thyroid disease and TPOAb levels greater than the reference 
value provided by the manufacturer (60 mIU/L). 2) The study population complies with TSH in 
the 95th percentile of the normal range of pregnant women. We used the 90th percentile of the 
normal range to calculate the TPOAb positive cutoff value and normal reference range.

Statistical methods

All findings and laboratory data were entered into a database, and we used the SPSS 
software for statistical analysis. ANOVA (continuous variables), c2 or Fisher’s exact test (cat-
egorical variables), and Spearman rank correlation were used to analyze the data.

The values between groups were analyzed by independent sample T test. A P value 
less than 0·05 was considered to be statistically significant.

RESULTS

Six hundred and eleven cases of healthy primipara thyroid function and TPOAb 
check up results (7-12 weeks gestation)

Table 1 shows the median value, range of change, and percentiles of TSH, FT4, and 
TPOAb, respectively.

Items	 Median	 Min.	 Max.	 2.5 percentile	 5 percentile	 95 percentile	 97.5 percentile

TSH (mU/L)	     1.12	 0.01	   7.38	   0.03	   0.10	        3.38	   4.15
FT4 (pM)	   10.68	 6.69	 89.58	   7.21	   8.11	      15.06	 18.15
TPOAb (mU/L)	 38.9	 6.40	 1300	 12.89	 15.62	 630.0	 1300

Table 1. TSH, FT4, and TPOAb median values and percentiles of 611 cases healthy primipara in 7 to 12 weeks 
gestation.

Reference normal range of thyroid function according to 471 cases of a “standard 
population” that are pregnant from 7 to 12 weeks

The study included 611 women in early pregnancy, of which 471 cases were used 

TSH = thyroid stimulating hormone; FT4 = free thyroxine; TPOAb = thyroid peroxidase antibody.
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as a “standard population”. Two conditions were excluded: a previous history of thyroid 
disease and TPOAb >60 mU/L. Table 2 shows the median value, range of change, and 
percentiles of TSH, FT4, and TPOAb, respectively, among 471 “standard population” pa-
tients. Based on data shown in Table 2, we know that the normal reference range for TSH 
was between 0.03 and 3.67 mU/L, and the reference value range of FT4 was between 7.21 
and 18.66 pmol/L. All data were collected between 7 and 12 weeks gestation.

Positive cutoff value and reference ranges of TPOAb in 7-12 weeks gestation

In this study, there were a total of 584 cases of pregnant women who had a normal 
reference range of TSH levels that were between 0.01 and 3.67 mU/L. After calculating this 
for pregnant women, the 90th percentile value and the positive cutoff value of TPOAb were 
determined. Hence, we can make a conclusion that the TPOAb positive cutoff value for 611 
cases of pregnant women at 7 to 12 weeks gestation is 206.77 mU/L, and that the reference 
range is 0-206.77 mU/L.

In this study, 66 cases of the total participants have TPOAb >206.77mU/L, and the 
TPOAb positive rate was 10.8% (66/611). If we calculate the TPOAb-positive rate accord-
ing to the reference standard (TPOAb >60 mU/L), which is provided by manufacturer, the 
TPOAb-positive rate of 611 women who are in early pregnancy is 22.9% (140/611). This 
result is a 1-fold increase from the previous estimation.

Effect of TPOAb on TSH and FT4 levels in women at 7 to 12 weeks gestation

Regression analysis showed that TPOAb and TSH were positively correlated, and 
that TPOAb and FT4 had a negative correlation. The values of β are 1.406 and 0.820, re-
spectively. The 95%CI values are (1.349, 1.413) and (0.805, 0.835), respectively. P values 
for both were 0.000.

The TSH median value of 66 cases of TPOAb-positive pregnant women was 1.51 
mU/L and the TSH median value of 545 TPOAb-negative pregnant women was 1.11 mU/L. 
The difference was statistically significant (P = 0.000). Based on this data, we know that 
when comparing the median value, the former is 0.4 mU/L higher than the latter. For 8 
cases (12.12%) of TPOAb-positive pregnant women whose TSH >3.67 mU/L, and 15 cases 
(2.75%) of TPOAb-negative pregnant women whose TSH >3.67 mU/L, the former TSH 
levels abnormally elevated risk by 4.4-fold more than the latter (Figure 1).

For 66 cases of pregnant women who were TPOAb-positive, the FT4 median value 
was 10.55 pM. For 545 cases of TPOAb-negative pregnant women, the FT4 median value 
was 10.68 pM. The differences were not significantly different (P = 0.319) (Figure 2).

Items	 Median	 Min.	 Max.	 2.5 percentile	 5 percentile	 95 percentile	 97.5 percentile

TSH (mU/L)	   1.12	 0.01	   7.01	 0.03	 0.03	   3.03	   3.67
FT4 (pmol/L)	 10.68	 7.21	 89.58	 7.21	 8.11	 15.06	 18.66

Table 2. TSH, FT4 median value and percentile of 471 cases standard crowd in 7 to 12 weeks gestation.

TSH = thyroid stimulating hormone; FT4 = free thyroxine.
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Figure 1. Median value of TPOAb positive is significant higher than TPOAb negative in early pregnancy but 
different gestational.

Figure 2. FT4 median value of TPOAb positive and TPOAb negative has no significant difference in early 
pregnancy but different gestational.
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DISCUSSION

Effect of TPOAb on gestational thyroid function

Thyroid peroxidase (TPO) is a key enzyme in thyroid hormone synthesis, as well as 
an autoantigen that can induce AITD. In the immune response, the combination of TPO and 
TPOAb can cause progressive thyroid cell damage, leading to hypothyroidism lesions that are 
often hidden. TPOAb is considered to be a marker of early thyroid dysfunction. TPOAb is 
positive in approximately 10 to 15% of the normal population, among which about 2% have 
subclinical hypothyroidism that progresses to clinical hypothyroidism. Pregnant women with 
TPOAb-positivity are prone to inadequate secretion of thyroid hormone, due to the decline in 
thyroid compensatory ability. In women with TPOAb positivity before pregnancy, the risk of 
hypothyroidism and subclinical hypothyroidism after pregnancy will increase by 2-fold.

Springer et al. (2009) showed that for pregnant women with normal thyroid function 
in the first trimester, those with TPOAb-positivity have higher levels of TSH, and 44.1% of 
those with TSH values above the upper limits have TPOAb-positivity. In this study, the TSH 
median values among TPOAb-positive women was elevated by 0.4 mU/L more than TPOAb-
negative ones, and the risks of abnormally elevated TSH is increased by 4.4-fold, which is 
similar to the 0.43 mU/L elevated TSH median reported by Negro et al. (2011).

As a strong risk factor for miscarriage, premature delivery, placental abruption, peri-
natal death, and gestational diabetes, TPOAb is associated with adverse pregnancy outcomes. 
The latest guidelines of the American Thyroid Association (ATA) in 2011 suggested that 
TPOAb-positive pregnant women should be tested for TSH levels from 4 to 6 weeks, using 
the reference range of gestational age-specific thyroid function to assess thyroid function.

Setting a standard gestational TPOAb reference range

The U.S. National Academy of Clinical Biochemistry (NACB) guidelines (Baloch 
et al., 2003) recommend that when we want to develop the TPOAb reference intervals, the 
‘‘standard crowd’’ should be 120 ‘‘normal subjects’’ free from any history or family history of 
thyroid disease, having serum TSH levels 0.5 and 2.0 mIU/L, male, <30 years of age. Because 
of special changes in thyroid function during pregnancy, non-pregnancy TPOAb reference 
standards do not apply to pregnancy; therefore, there is no unity of the TPOAb reference range 
of non-pregnancy.

Due to different background populations (race, age, fertility), laboratory tests, and 
statistical methods, the TPOAb-positive rate for pregnant women will be significantly differ-
ent in different studies. Gilbert et al. (2008) reported an early pregnancy TPOAb-positive rate 
of 15.7%, with the TPOAb reference standard provided by the manufacturer. Männistö et al. 
(2011) reported a TPOAb-positive rate of 5.0%, and the TPOAb reference standard was ob-
tained from specific reference intervals of pregnant population. Based on the results, we know 
that the TPOAb-positive rate will often be higher when it is calculated according to manufac-
turer standards. Springer et al. (2009) set the TPOAb standard as the 90th percentile of the 
normal reference range population in early pregnancy. When testing 5281 cases of women in 
early pregnancy, the TPOAb-positive rate is about 11.2% according to the standard mentioned 
above. The TPOAb-positive rate is 22.1% based on the standard provided by manufacturers. 
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Therefore, the latter is higher than the former at one time. In this study, the positive rate of 
TPOAb is 22.1% at 8 to 12 gestational weeks according to the manufacturer standard (TPOAb 
>60 mIU/L). Based on the Springer statistical method, we corrected the TPOAb positive cut-
off value to 206.77 mIU/L and, after that, the positive rate of TPOAb was calculated as 10.8%. 
This result is consistent with the TPOAb positive rate in Springer’ study when the cut-off of 
anti-TPO was established at 143 kU/l. Whether or not this statistical method for TPOAb cutoff 
value is more reasonable for the clinic, it needs long follow-up study to explore the effect of 
TPOAb on the pregnancy outcome in mothers and children.

The storage methods used for laboratory samples also affect TPOAb test results. Män-
nistö et al. (2007) reported in a previous study that the TPOAb levels seem higher when serum 
samples were preserved for a longer period of time. However, the levels of TSH and FT4 do 
not change significantly. We recommend that the thyroid function standard of population-spe-
cific reference should be developed during pregnancy to avoid overestimation of the TPOAb-
positive rate.

In addition, elevated β-HCG will suppress TSH levels in the early stages of preg-
nancy. Some scholars have suggested that the development of a TSH normal reference range 
in early pregnancy should be excluded if the β-HCG is greater than 3 times the mean value 
(Springer et al., 2009). Although we did not detect β-HCG in the study population during early 
pregnancy, pregnant women with elevated β-HCG levels cannot be ruled out. To some extent, 
this might affect the accuracy of the TSH reference interval.

Should routine screening for TPOAb in early pregnancy or L-T4 intervention in 
AITD patients with normal thyroid function be used?

Some scholars have suggested that early pregnancy screening for thyroid dysfunc-
tion by the indicators of TSH, FT4, and TPOAb can reduce the misdiagnosis rate of mild 
hypothyroidism in pregnancy (Burman, 2009; Shan et al., 2009). The 2007 NACB Guide (de 
Groot et al., 2012) pointed out that in the first three months of pregnancy and before preg-
nancy, screening for thyroid dysfunction using serum TSH and TPOAb detection to find mild 
hypothyroidism (TSH>4.0 mIU/L) and to assess the risk of thyroiditis is very important. The 
results of this study show that TPOAb often presents in early pregnant women with no previ-
ous history of thyroid disease, and that the positive rate can reach up to about 10%. The risk 
of abnormal elevation of TSH in TPOAb-positive pregnant women is 4.4-fold greater than in 
TPOAb-negative pregnant women. This demographic of AITD patients will be missed with-
out early pregnancy screening for TPOAb. Hence, our study supports routine screening for 
TPOAb during early pregnancy.

There are still some controversial issues in academia, such as whether there is a need 
for the intervention of L-thyroxine (L-T4) in pregnant women who have normal thyroid func-
tion but are TPOAb-positive, how to use L-T4, and whether it affects the offspring. In 2010, 
Reid et al. conducted a meta-analysis of three prospective randomized controlled trials and the 
results showed: 1) L-T4 intervention therapy does not reduce the incidence of preeclampsia, 
but can reduce the incidence of preterm birth, 2) L-T4 intervention treatment did not show a 
trend of reducing spontaneous abortion, and 3) the three studies did not include a long-term 
assessment of the impact on the intelligence of children. In 2011, the ATA pointed out in the 
latest clinical guidelines (Männistö et al., 2011) that there is a lack of sufficient evidence 
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to support or refute routine screening of TPOAb in early pregnancy, and it remains unclear 
whether there is a need for L-T4 intervention in AITD patients with normal thyroid function. 
As a result, we look forward to a large, prospective, randomized controlled study to provide 
sufficient evidence.
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