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ABSTRACT

Objective: Thyroid-peroxidase antibodies (TPOAD) and thyroglobulin antibodies (TGADb) are
frequently measured to investigate thyroid dysfunction in pregnancy. Despite the recognized fall of
these autoantibodies in pregnancy, there is limited guidance on the timing of such testing. We
assessed optimal test timing of TPOAb/TGAD for detection of Hashimoto’s thyroiditis and

postpartum thyroid dysfunction (PPTD).

Design: Prospective longitudinal study with recruitment in Trimester-1.

Patients: Healthy women <13weeks gestation from Mercy Hospital for Women, a tertiary obstetric

hospital in Melbourne.

Measurements: Serum TPOAb, TGAb, TSH and fT4 were measured at Trimester-1(T1), Trimester-
2(T2), Trimester-3(T3), and postpartum(PP) in each participant. Postpartum thyroid dysfunction
(PPTD) was defined if TSH deviated from the assay’s non-pregnant reference interval. Longitudinal
random-effect logistic regression was used to investigate the association between time and

positive/negative thyroid autoantibody status.

Results: Samples from 140 women at T1(12.0:10.3-13.0) (median:IQR weeks gestation); 95 at

T2(24.3:23.0-25.9), 79 at T3(35.9:34.8-36.7) and 83 at PP(12.4:10.8-14.6 weeks postpartum) were
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attained. At T1, 13(9%) and 15(11%) women had positive TPOAb and TGAD, respectively. The odds
of having a positive TPOAb was 96% lower at T2(OR=0.04 (95%CI:0.02-0.8;p=0.03)) and 97%
lower at T3(OR=0.03(95%CI:0.001-0.6;p=0.02)) than at T1. Similarly, the odds of having a positive
TGAb was 99.4% lower (OR=0.006(95%CI:0-0.3;p=0.01)) at T2, and 99.5% lower
(OR=0.005(95%CI:0-0.4;p=0.02)) at T3 than at T1. The ROC analysis diagnostic ORs for a positive
TPOAD and/or TGAD to predict PPTD were 7.8(95%CI:2.2-27.6), 1.2(95%CI:0-8.9), 2.0(95%CI.0-

16.8), and 12.2(95%C1:3.3-44.9) at T1, T2, T3 and postpartum, respectively.

Conclusions: A significant proportion of pregnant women lose their thyroid autoantibody positivity
after T1. The gestation dependent loss of TPOAb/TGAD positivity and reduction in diagnostic

accuracy for predicting PPTD limits the value of testing at T2 and T3.

INTRODUCTION
The commonest cause of hypothyroidism is Hashimoto’s thyroiditis in iodine-replete countries (1).
Thyroid autoantibodies are frequently measured, often for the first time, in women found to have
overt or subclinical hypothyroidism in pregnancy to determine if Hashimoto’s thyroiditis is the likely
underlying pathology (1). The prevalence of thyroid peroxidase antibodies (TPOADb) and
thyroglobulin antibodies (TGAb) has been reported to be 15% and 14%, respectively, in a large cohort
of disease-free women in the NHANES III study (2). Among women of reproductive age, the
prevalence was 10-13% for TPOAb and 9-14% for TGAD (2). In pregnancy, up to 20% of pregnant
women in the first trimester have tested positive for either or both antibodies (3). The presence of
TPOAD in particular has been associated with reduced thyroid functional reserve with possible
development of hypothyroidism during gestation (4). Detection of TPOAb in early pregnancy also
imparts a 50% risk for the development of postpartum thyroid dysfunction (5).

There exists a strong interrelationship between thyroid function and pregnancy. In women
with limited thyroid reserve, thyroid dysfunction may develop in the setting of increased thyroxine
requirements in pregnancy (4, 6). Conversely, maternal hypothyroidism, both overt and subclinical,

can cause adverse pregnancy (7-9) and fetal outcomes (10, 11). Previous studies have demonstrated
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decreases in thyroid autoantibody levels, with advancing gestation during pregnancy (4, 12-14). Some
have shown this to occur by parturition (4) while others have shown it to be evident earlier, occurring
between 12 and 28 weeks gestation (14) . The interpretation of thyroid autoantibody tests, therefore,
needs to take place in the context of known fluctuations of antibody levels in pregnancy. Although
clinical guidelines do not recommend universal screening of thyroid autoantibodies in pregnancy (15,
16), testing of thyroid autoantibodies is frequently performed in pregnant women identified with overt
or subclinical hypothyroidism. Furthermore, the American Thyroid Association guideline uses
TPOAD status as a determinant for its recommendations for treatment of subclinical hypothyroidism
in pregnancy (15, 16). Thus, in the current prospective longitudinal study, we sought to examine the
effect that the positive/negative status of thyroid autoantibodies, measured longitudinally in each
trimester and at postpartum, would have on the ability to (i) diagnose Hashimoto’s thyroiditis and (ii)
the three trimester measures to be used as a screening tool for the occurrence of postpartum thyroid

dysfunction.

MATERIALS AND METHODS

The present study population is a cohort of healthy pregnant women, initially recruited for a
longitudinal study to determine trimester and method specific reference intervals for thyroid function
tests (17). In the current analysis, we present data on the longitudinal changes of TPOAb and TGAb
throughout each trimester of pregnancy and postpartum. Women presenting to Mercy Hospital for
Women, a tertiary obstetric hospital in Melbourne, at or prior to 13 weeks gestation were recruited
between May 2006 and February 2011(17). One hundred and fifty-four healthy women without any
history of thyroid disease were recruited.

Exclusion criteria included past history of thyroid disease, thyroid hormone replacement
therapy, type 1 diabetes mellitus, past history of intravenous drug abuse or presence of major systemic
illness. Women with twin pregnancy and miscarriage prior to 20 weeks in the current pregnancy
were also excluded from the analysis.

As reported in our previous study (17), three women were commenced on thyroxine when

their thyroid stimulating hormone (TSH) at T1 was found to be >2.5 mIU/L as recommended by
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international guidelines (15). These women all had negative TPOAb and TGAD. Only the initial (pre-
thyroxine therapy) blood samples at T1 of these women were included in the statistical analysis of

thyroid function but all samples were included for thyroid autoantibody analysis.

Procedures

Blood samples (20 mL each) were taken at 9-13 weeks, 22-26 weeks, and 35-39 weeks of gestation to
represent Trimester-1 (T1), Trimester-2 (T2) and Trimester-3 (T3), and 8-12 weeks postpartum (PP).
Late postpartum samples, up to 20 weeks postpartum, were not excluded. Measurements in T2, T3
and PP were on the same group of patients (less missing samples) tested in T1. Urine specimens were
collected from each woman at T1. The Human Research Ethics Committee at MHW approved the

study and written informed consent was obtained from each study participant.

Assay Methods

Serum TPOAb, TGADb, TSH and free thyroxine (fT4) concentrations were measured at all time-points,
using Roche €602 analysers (Roche Diagnostics, Mannheim, Germany) at Melbourne Pathology.
Urine iodine concentration was measured using Inductively Coupled Plasma Mass Spectrometry
(ICPMS) method with the Agilent 7500 CE instrument with an octopole reaction cell. The limit of
detection for TSH was 0.01 mIU/L. The inter-assay coefficients of variation (CV) were 7.2% at 0.06
mlU/L and 2.5% at >1.0 mIU/L for TSH; 2.9% for fT4 at 11.0 pmol/L; 9.7% for TPOAD at 35 TU/mL
and 5.5% at >120 IU/mL; 9.5% for TGADb at 60 IU/mL and 4.0% at >450 IU/mL; and 2.3% for urine
iodine concentration at 92 ug/L. The laboratory determined 97.5th percentile for the gestation-
specific, assay-specific and population-specific TSH reference intervals (TPOAb negative women)
were 2.6, 4.8 and 4.8mIU/L at T1, T2, and T3, respectively.

Outcome measures

Thyroid antibody status was dichotomized as positive versus negative; values of TPOAb <35 IU/mL
and TGAb <115 IU/mL were defined as being negative. “Combined positive” was defined as TPOAb
2>35 IU/mL and/or TGAb =115 IU/mL. Postpartum thyroid dysfunction (PPTD) was defined based on

biochemical grounds in this study. Women were classified as having PPTD if their TSH deviated
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from the non-pregnant reference interval of 0.5-5.0 mIU/L for the Roche assay in the postpartum

period.

Statistical Analysis

The statistical analysis was performed using STATA 13IC statistical software (College Station, TX).
TPOAD and TGAb levels across time-points have been presented as scatterplots with 25th, median
and 75th percentile values. Due to the longitudinal nature of the measurement data, a multi-level
random-effect logistic regression model was used to investigate the association between the time
(measured at four time-points, i.e. three trimesters and postpartum) and the outcome measures
(thyroid antibody status dichotomized as positive versus negative), adjusted for age and TSH. The
sensitivity, specificity, positive and negative predictive values, as well as the diagnostic Odds Ratios
were estimated using the “combined positive” antibody status as a screening test for PPTD and

reported with corresponding 95% confidence intervals (CI).

RESULTS

Women with miscarriage prior to 20 weeks (n=7), and twin pregnancy (n=2) were excluded from the
analysis. Of the seven women with miscarriage, one had positive TGADb and none had positive
TPOAD in T1. Data were available from 140 women at T1 (12.0: 10.3-13.0) (median: IQR weeks
gestation); 95 at T2 (24.3: 23.0-25.9), 79 at T3 (35.9: 34.8-36.7) and 83 at PP (12.4: 10.8-14.6 weeks

postpartum).

Baseline Characteristics

The baseline characteristics of the study population are summarized in Table 1. The median (IQR:
25".75™ percentiles) urine iodine concentration of the population was 137.8 (83.0-232.1) pg/L. No
statistically significant association between baseline urinary iodine concentration and TSH levels at

any time-points were detected.
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Twenty-two (16%) women tested positive for TPOAb and/or TGAD at T1: six were positive
for both autoantibodies, seven positive for TPOAD alone and nine positive for TGAb alone.
Compared to the TPOADb negative group at T1, the TPOADb positive group was older (median: 34.6
(IQR: 29.4, 39.4) versus 31.3 (IQR: 28.3, 34.5) years, Wilcoxon-Mann-Whitney p=0.04) with higher
TSH (median: 1.48 (IQR: 1.27, 1.89) versus 0.88 (IQR: 0.53, 1.5) mIU/L, Wilcoxon-Mann-Whitney
p=0.002). No statistically significant differences in gravida or parity according to antibody status for

TPOAD and TGAD at baseline were detected.

Thyroid autoantibodies
The distribution of thyroid autoantibodies across each trimester and postpartum, for the entire study

population, are shown in Figure 1.

The longitudinal changes of thyroid autoantibody levels in individuals with positive TPOAb
and TGADb at T1 across pregnancy and postpartum are shown in Figure 2. In women with positive
TPOAD at T1 (Figure 2a), a progressive decline in autoantibody levels in pregnancy followed by an
increase at postpartum was observed; at T2 and T3, 56% (5/9) (95%CI: 21%-86%) and 43% (3/7)
(95%CI: 10%-82%) of women, respectively, remained positive for TPOADb, and at PP, all (9/9)
(95%CI: 66%-100%) women developed TPOAD positivity again. A similar pattern of change in
TGAD levels over time was also seen in women with positive TGAb at T1 (Figure 2b); at T2 and T3,
36% (4/11) (95%CI: 11%-63%) and 33% (3/9) (95%CI: 7%-70%), respectively, remained positive for

TGAD and 92% (11/12) (95%CI: 62%-100%) were positive again at PP.

Compared to T1, the odds of having a positive TPOAb was 96% lower at T2 (OR=0.04 (95%
CI: 0.02-0.8; p=0.03), and 97% lower at T3 (OR=0.03 (95% CI: 0.001-0.6; p=0.02). Similarly,
compared to T1, the odds of having a positive TGAb was 99.4% lower at T2 (OR=0.006 (95%CI: O-
0.3; p=0.01), and 99.5% lower at T3 (OR=0.005 (95%CI: 0-0.4; p=0.02). No significant differences

between T1 and postpartum were observed for either autoantibody (Table 2).
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In women with negative TPOAb and TGAD at T1, the changes in thyroid autoantibody levels
across pregnancy and postpartum were minimal. One subject who was negative at T1 for TPOAb
became positive postpartum, while all others remained negative throughout. All women who were

negative at T1 for TGAb remained negative throughout pregnancy and postpartum.

Thyroid function

At T2 or T3, there were no significant differences in thyroid function between autoantibody positive
and negative groups for either TPOAb or TGADb, respectively. For women with “combined positive”
antibodies at T1, none had an increase in TSH at T2 or T3 above the 97.5th percentile for the
gestation-specific, assay-specific and population-specific reference range. At PP, after exclusion of
the 13 subjects with PPTD (see below) no statistically significant differences in TSH and {T4,

according to antibody status, were detected.

PPTD

At PP, 13 of 83 (16%) (95%CI: 9%-25%) women had biochemical evidence of PPTD: 10 had TSH
<0.5 mIU/L (four of whom had TSH <0.02 mIU/L) and three had TSH >5.0 mIU/L.

The prevalence of PPTD was found to be higher in women with positive TPOAb and/or TGAD at T1
than those with negative thyroid antibodies at T1 (32% (95% CI: 13.9%-54.8%) versus 5.1% (95%
CI: 1.8%-10.7%).

The ability to predict the occurrence of PPTD using the “combined positive” antibody status
as a screening test for PPTD is shown in Table 3. The table contains estimations of the sensitivity,
specificity, positive and negative predictive values, as well as the diagnostic Odds Ratios (ORs). The
ROC analysis showed that the ratio of the odds of “combined positive” antibodies in patients with
PPTD, relative to the odds of “combined positive” antibodies in patients without PPTD (diagnostic
ORs) to be 7.8 (95%CI:2.2-27.6), 1.2 (95%CI:0-8.9), 2.0 (95%CI:0-16.8), and 12.2 (95%C1:3.3-44.9)

at T1, T2, T3 and postpartum, respectively.
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DISCUSSION

In this study, we determined the longitudinal changes of TPOAb and TGAb throughout pregnancy
and postpartum, and found that thyroid autoantibody positivity decreased between 12 and 25 weeks
gestation, remained lowered throughout the third trimester and increased again by 12 weeks
postpartum. The decline in rates of thyroid autoantibody positivity in pregnancy is considered a
manifestation of maternal immune tolerance, and the return of thyroid autoimmunity postpartum due
to cessation of pregnancy-mediated immunosuppression (18, 19).

The prevalence of thyroid autoantibodies in this present cohort, an iodine insufficient urban
population, was 16%. A strength of the present study is that, in contrast to previous studies, it
provides data from all three trimesters and postpartum (4, 13). Similar to other longitudinal studies of
thyroid autoantibodies in pregnancy, the present study showed a significant decline in rates of TPOAb
and TGAD positivity between T1 and T3 (4, 12-14, 20), and more specifically to be evident by 24
weeks gestation. A large prospective study by Glinoer et al (4) in 87 thyroid autoantibody positive
patients showed 60% reduction in TPOAD levels and a decrease in TPO positivity rate such that less
than 54% of those positive at T1, remained positive at parturition. A smaller prospective study (12),
where patients were followed up to six weeks postpartum, showed a similar decrease in autoantibody
positivity in pregnancy with rebound of TPOAb but not TGAD at postpartum; a difference that may be
related to the small sample size or the earlier postpartum testing at 6-weeks in that study. In addition,
our study showed that the majority of women with negative thyroid autoantibodies at T1 remained
negative throughout the rest of the pregnancy and postpartum. The stability of TPOAb and TGAb
levels over a 6-month period in a non- pregnant population has previously been demonstrated (21) and
therefore supports the assumption that changes in thyroid autoantibody levels can be attributed to the
pregnancy.

In the present study, evidence of impaired thyroid reserve was found at T1, with the TPOAb
positive group having significantly higher TSH than the TPOAD negative group. The observation of
an impaired thyroid response to pregnancy in thyroid autoantibody positive subjects was first noted by

Glineor et al two decades ago (4). In that study of women with asymptomatic autoimmune thyroid
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disease who were euthyroid in early pregnancy, the TSH levels remained significantly higher at all
time-points during pregnancy compared to those in the antibody negative group (4). Similarly, in a
randomised controlled trial of thyroxine replacement in pregnancy, the untreated ‘euthyroid’ TPOAb

positive women (compared to negative TPOAb women), demonstrated higher TSH levels (7).

A previous study has shown that 16% of euthyroid women with positive TPOAb or TGADb in
the first trimester had a TSH exceeding 4.0 mIU/L by the third trimester (4). In the present study, of
the 22 euthyroid women with positive TPOAb and/or TGADb at T1, none had an increase in TSH
above the 97.5th percentile for the gestation-specific, assay-specific and population-specific reference
range. Possible reasons for the differences between the two studies could relate to the different assay
methods used, differences in iodine intake, and the use of non-trimester-specific ranges in the

Glinoer study.

There is a large variation in the reported prevalence of postpartum thyroiditis, ranging from
1.1-21.1% (22). In iodine sufficient areas, there is an estimated prevalence of 5-7% (22). A previous
Australian study of randomly selected postpartum Caucasian women aged 20-45 years who had
thyroid testing performed at 4.5-5.5 months postpartum reported an 11.5% prevalence of PPTD,
defined as TSH or fT4 outside the adult reference range (23). Some variability between studies may
relate to different postpartum testing times, methodological considerations, environmental and genetic
factors in different populations (22). Consistent with previous studies (20, 23), the prevalence of
PPTD was found to be much higher in women with positive TPOAb and/or TGAb at T1 than those
with negative thyroid antibodies. The 54% PPTD prevalence in women with positive TPOAb at T1,
acknowledging wide confidence intervals, compares with previous reports of between 33-66% (13,

15, 24).

In the present study, the sensitivity of a combined positive antibody result to predict PPTD,
more than halved, when these antibodies were measured at T2 and T3, compared to T1. In contrast,
one previous study showed smaller changes in sensitivity of TPOAb for predicting postpartum thyroid
dysfunction (from 67 to 64% between 12 and 32 weeks, respectively) (13). Despite this, the authors

still recommended for first, rather than third trimester TPOAD testing for prediction of PPTD (13).
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Inferences from the present study are limited by the sample size but are in keeping with the
previous literature. It is possible some antibody levels could have already decreased prior to T1
testing, missing cases of thyroid autoantibody positivity and that false negative results were present
among those patients who had TSH > 2.5 and those with miscarriage. It is also possible that testing at
a later time postpartum would pick up more cases of thyroid autoantibody positive women as it is
known that the peak antibody titer in the postpartum phase can occur up to 6 months postpartum (25);
therefore, median testing at 12 weeks postpartum could miss some women, whose levels peak later.
Furthermore, with longer postpartum follow up, additional cases of PPTD may have been detected.
The strengths of the study include its prospective nature, the measurements performed at each

trimester and the presence of a postpartum measurement.

In conclusion, negative thyroid autoantibody results at T2 or T3 does not exclude
autoimmune thyroid disease due to physiological decline in the positivity of thyroid autoantibodies
with progression of pregnancy. Thyroid autoantibody testing at T2 and T3, compared to T1, also
reduces the diagnostic accuracy for predicting PPTD. This indicates that testing at T2 and T3 to be of
limited value. TPOAb and TGAD testing for investigation of thyroid dysfunction during pregnancy
should occur with an awareness of this gestation dependent effect on the ability of the test to provide

the desired information.
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TABLE 1. Summary of baseline characteristics of the study population at first trimester.

All TPOAbD Status TGADb Status

Positive” Negative Positive” Negative
n 140 13 127 15 125
Age (yr) 31.3(28.4-34.8) 34.6(294-39.4)* 31.3(28.3-345)* 33.3(29.4-36.5) 31.3(28.2-34.5)
Gravida 2(2-4) 3(2-4) 2(1-4) 2(2-3) 2(1-4)
Parity 1(0-1) 1(1-1) 1(0-1) 1(1-1) 1(0-1)
TSH (mIU/L) 0.9(0.6,1.5) 1.5(1.3,1.9)* 0.9(0.5,1.5)* 1.5(0.8,1.8) 0.9(0.6,1.5)
fT4 [pmol/L] 15.1+2.8 15.342.1 15.1+ 2.9 15.242.1 15.1+29

The values are median (IQR: 25%.75% percentiles), with exception of fT4 expressed as means+5D. @ Considered
positive if 235 TU/mL.* Considered positive if 2115 IU/mL. * p-value<0.05 between TPOAb positive and negative
groups.

TABLE 2. Outcomes of effects of time on positive TPOADb and TGAD status
at trimester 1.

Effect of time on positive TPOAD status (compared to trimester 1)*:

Odds Ratio (95% CI) p-value
Trimester 2 0.04 (0.002-0.8) 0.03
Trimester 3 0.03 (0.001-0.6) 0.02
Postpartum 2.2 (0.3-15.8) 0.4
Effect of time on positive TGAD status (compared to trimester 1)*:

Odds Ratio (95% CI) p-value
Trimester 2 0.006 (0.0001-0.3) 0.01
Trimester 3 0.005 (0.00007-0.4) 0.02
Postpartum 0.8 (0.1-5.3) 0.8

*Analysis with random-effect model, adjusted for age and TSH.
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TABLE 3. PPTD prediction at each trimester using TPOAb = TGAD.

T1 T2 T3 PP
Sensitivity 53.8% 10.0% 11.1% 61.5%
(95% CI) (25.1%-80.8%)  (0.3%-44.5%) (0.3%-48.2%)  (31.6%-B6.1%)
Specificity 87.0% 91.4% 94.2% 88.4%
(95% CI) (76.7%-93.9%) (81.0%-97.1%) (84.1%-98.8%) (78.4%-94.9%)
Diagnostic OR 7.8 1.2 2.0 12.2
(95% CI) (2.2-27.6) (0-8.9) (0-16.8) (3.3-44.9)
PPV 43.8% 16.7% 25.0% 50.0%
(95% CI) (19.8%-70.1%)  (0.4%-64.1%) (0.6%-80.6%)  (24.7%-75.3%)
NPV 90.9% 85.5% 86.0% 92.4%
(95% CI) (81.3%-96.6%) (74.2%-93.1%) (74.2%-93.7%) (83.2%-97.5%)

OR = Odds Ratio
PPV = Positive Predictive Value
NPV = Negative Predictive Value

Figure 1. Scatterplots of thyroid autoantibody levels showing 25", 50" and 75™ percentiles

for (a) TPOAD and (b) TGAD levels. Trimester-1 (T1), trimester-2 (T2), trimester-3 (T3) and

Postpartum (PP)
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Figure 2. Longitudinal changes in thyroid antibody levels of women with positive TPOAD (2a) and

TGAD (2b) at T1, during pregnancy and postpartum.
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Figure 2b:
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* Each symbol (@, B, A, € or —) indicates an individual patient with missing data at various time-

points. Continuous lines without symbol indicate individual patients without missing data.
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