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Objective

Polycystic ovary syndrome (PCOS) and hypothyroidism are related conditions, and both are associated with adverse pregnancy outcomes. Knowledge is lacking about the complex interaction between thyroid status and PCOS during pregnancy. We investigated the thyroid status and its association with pregnancy complications in PCOS, and in relation to metformin treatment.



Design

Post-hoc analyses of two randomized, double-blind, placebo-controlled trials.



Methods

288 pregnant women with PCOS were randomized to treatment with metformin or placebo from first trimester to delivery. We measured serum levels of thyroid stimulating hormone (TSH) and free thyroxine (fT4) at gestational week (gw) 5-12, 19, 32 and 36 and related to metformin treatment and pregnancy complications. Thyroid peroxidase antibodies (TPO-ab) were analyzed at inclusion and at gw 36.



Results

The overall prevalence of subclinical and overt hypothyroidism was 1.5% and 0%, respectively. The TSH level was not affected by metformin, whereas fT4 was significantly higher in the metformin group with less decrease throughout pregnancy compared to placebo, p<0.001. A lower decrease in fT4 during pregnancy correlated to less weight gain (r= -0.17, p=0.020) and tended to be associated with reduced odds ratio for gestational diabetes (OR 0.85 per 1 pmol/L, 95% CI 0.71;1.02).



Conclusions

In women with PCOS, metformin treatment during pregnancy was associated with less decrease in fT4 compared to placebo, while it did not affect TSH. A smaller decrease in fT4 correlated to less weight gain and tended to be associated with a lower risk of gestational diabetes.



Clinical Trial Registration

ClinicalTrials.gov, identifier NCT00159536 (The PregMet study); identifier NCT03259919 (The pilot study).
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Introduction

Polycystic ovary syndrome (PCOS) affects up to 13% of women in reproductive age (1). Insulin resistance plays a pivotal role in the etiology of the syndrome which is closely linked to both metabolic and reproductive abnormalities (2). PCOS is also related to thyroid dysfunction. In a cross-sectional study by Novais et al. the prevalence of subclinical hypothyroidism (SCH) in non-pregnant women with PCOS was 16.9% compared to 6.2% in the non-PCOS group (3). Autoimmune thyroiditis is also reported to be more prevalent in non-pregnant PCOS women compared to controls (4, 5).

Pregnant women with PCOS are at an increased risk for complications such as gestational diabetes (GDM), preterm birth, delivery by caesarian section, low birth weight and admission of the neonate to the intensive care unit (6). Likewise, overt hypothyroidism (OH) as well as borderline thyroid dysfunction during pregnancy have been associated with miscarriage, preterm delivery, low birthweight, preeclampsia (PE) and GDM (7), as well as adverse neonatal outcome (8, 9). Furthermore, the occurrence of thyroid peroxidase antibodies (TPO-ab) as such has been linked to miscarriage and preterm delivery (10, 11). According to a recent register-based study from Denmark, the OR for thyroid disease (based on diagnosis coding) in women with PCOS during pregnancy and one year post-partum was 2.3 vs controls (12). However, the prevalence of thyroid dysfunction in pregnant women with PCOS is not known, and neither is the impact of thyroid function on pregnancy complications in these women.

Metformin, a commonly used insulin-sensitizing drug, has been used in several studies to investigate pregnancy complications in women with PCOS (13–15). A recent pooled analysis of individual participant data from three randomized controlled trials (RCTs) showed a significant reduction of late miscarriages and preterm births in metformin treated women with PCOS compared to placebo, but no effect of metformin was observed on PE and GDM (16). The effect of metformin on thyroid function has been the subject of interest in several studies. Investigations in non-pregnant women with PCOS and hypothyroidism, point towards a thyroid stimulating hormone (TSH)-lowering effect of metformin (17, 18). It is unclear how metformin may affect the thyroid hormone status of women with PCOS during pregnancy.

The present study is a post-hoc analysis of two RCTs on the effect of metformin on pregnancy complications in women with PCOS. Our aim was to investigate thyroid hormone status in relation to metformin treatment and its association with pregnancy complications in women with PCOS.



Materials and Methods


Study Design

The current study is a post-hoc analysis of two randomized, controlled, double-blinded studies; the pilot and the PregMet study (Figure 1) (19, 20). In both studies, pregnant women with PCOS were randomized to either metformin or placebo to assess the potential of metformin to prevent pregnancy complications.




Figure 1 | Flowchart of the study design.



The Committee for Medical Research Ethics of Health Region IV, Norway, approved the pilot study (project number 51-2000), the PregMet study (project number 145.04) and the supplement application for the current study (reference number 2010/3115 145-04).



The Pilot Study

40 women with PCOS were included at St Olav’s Hospital in Trondheim, Norway from 2000-2003. All women met the Rotterdam 2003 criteria for PCOS in a retrospect analysis (21). Inclusion criteria for the pilot study were: (1) PCOS diagnosed prior to the index pregnancy; (2) age 18 to 40 years; (3) gestational age between 5 and 12 weeks; and (4) a singleton viable fetus. The participants were randomized to metformin 1700 mg daily or placebo (19).



The PregMet Study

In total, 257 women with PCOS and 273 pregnancies were included from 11 study centers in Norway. Inclusion criteria for the PregMet study were: (1) PCOS diagnosed according to the Rotterdam criteria (21); (2) age 18 to 45 years; (3) gestational age between 5 and 12 weeks; and (4) a singleton viable fetus. The participants were randomized to either 2000 mg metformin daily or placebo (20).

In both the pilot and the PregMet studies, an intake of more than 85% of the prescribed tablets was self-reported by 80% of the participants, which were thus considered to have good/acceptable compliance. Fasting blood samples were drawn at inclusion (gestational week (gw) 5-12), gw 19 ± 1, gw 32 ± 1, and at gw 36 ± 1. Randomization, blinding, participant flow, and measurements performed in the pilot and the PregMet studies are described in detail elsewhere (19, 20).



The Present Study

The flowchart of randomization, dropouts and exclusions are shown in Figure 1. Among the participants in the pilot and the PregMet study there were 8 and 17 respectively who participated with two pregnancies, i. e. first in the pilot and then in the PregMet study or twice in the PregMet study. For the current study, we decided to include only one pregnancy from each woman, in this case only the first one. In total, 288 women with one pregnancy were included in our analyses.

We measured TSH and free thyroxine (fT4) from blood samples at inclusion, gw 19, 32 and 36. For the analysis of TPO-ab, we used blood samples collected at inclusion and gw 36. All blood samples were stored at -70-80°C. In order to calculate the prevalence of hypothyroidism in the beginning of the pregnancy, we analyzed the thyroid status of the participants with no former history of thyroid disorders, as there was a group of women who had already been diagnosed with hypothyroidism prior to inclusion and were being treated with levothyroxine (n=13). We calculated the total prevalence of “any kind of hypothyroidism” using three groups: the group of patients with a diagnosis of hypothyroidism prior to inclusion, the “SCH group” and the “OH group”. All participants were included in the mixed model analysis regarding the effect of metformin treatment.

We furthermore investigated if changes in TSH and fT4 could predict pregnancy outcomes including preterm delivery (spontaneous or operative birth occurring before gestational week 37 + 0), preeclampsia [blood pressure measured after at least 10 minutes of comfortable chair rest ≥140/90 mm Hg at two different occasions and proteinuria (1+ protein in two different occasions or 2+ protein in one occasion on a urinary dip stick)] and GDM [fasting plasma glucose ≥7.0 mmol/L or a 2 hour plasma glucose ≥ 7.8 mmol/L during a standard 75 g per oral glucose tolerance test (OGTT) performed at inclusion, gw 19 and 32 according to the WHO 1999 standard].



Laboratory Analysis

Serum levels of TSH, fT4 and TPO-ab were determined at the Research Laboratory of Women’s and Children’s Health Unit, Karolinska University Hospital, Stockholm, Sweden by chemiluminescent enzyme immunometric assays using commercial kits procured from Siemens Medical Solutions Diagnostics (fT4 and TPO-ab) and Diagnostic Products Corporation (TSH) (Immulite®, Los Angeles, CA). TPO-ab was considered positive if the value was ≥ 35 IU/mL. Respective detection limits (and intra-assay and inter-assay coefficients of variation) were as follows: for TSH 0.004 mIU/L (5.0% and 9.9%), for fT4 3.6 pmol/L (4.5% and 5.5%) and for TPO-ab 7 IU/mL (4.3% and 10.5%). The method-specific reference range provided by the manufacturer was 0.4 – 4 mIU/L for TSH and 11.5 – 22.7 pmol/L for fT4.



Definitions of Thyroid Hormone Status

In order to calculate the prevalence of hypothyroidism in the first trimester of pregnancy we applied the trimester-specific reference range for TSH recommended by ATA 2017 (22), which is 0.1-4 mIU/L. For fT4 we used the method-specific reference range provided by the manufacturer, which is used clinically for non-pregnant subjects, due to lack of trimester-specific ranges.

Euthyroidism: Levels of TSH and fT4 within the reference range as above.

SCH: TSH of 4.1-9.9 mIIU/L in combination with fT4 within the reference range.

OH: TSH above the reference range in combination with fT4 below the reference range as well as TSH levels of 10.0 mIU/L or above, irrespective of fT4 levels.

Isolated hypothyroxinemia: TSH within the reference range and fT4 below the reference range.

Subclinical hyperthyroidism: TSH below the reference range in combination with fT4 within the reference range.

Overt hyperthyroidism: TSH below the reference range in combination with fT4 above the reference range.



Statistical Analysis

Continuous data are presented as mean and standard deviation (SD), and categorical data are summarized using counts and percentages. The prevalence of hypothyroidism at baseline is presented as percentage with a 95% confidence interval (CI). Repeated measurements of thyroid status (TSH, fT4) during pregnancy were analyzed using a mixed model of the following for: Yijk = intercept + Ti + Wj(i) + GWk + T*GWik + ε

Yijk = the observed continuous variable (fT4 and TSH)

Ti = treatment i (placebo and metformin), fixed factor.

Wj(i) = women j within treatment i.

GWk = gestational week k (5-12, 19, 32 and 36), fixed factor. The covariance structure for the four repeated measurements is unstructured (UN). In the unstructured covariance pattern, the variances of responses differ for each time period, and the covariances differ between each pair of time periods.

T*GWik = interaction between treatment and gestational week, fixed factor.

ε = residual

In case of significant interaction, the effect of one factor was tested keeping the other factor fixed. Bonferroni corrections of the p-values were then performed when appropriate. Prior to these analyses, fT4 was log-transformed and TSH was squared root transformed due to positive skewness (23). Graphically, antilog values of fT4 are presented with geometric mean and 95% confidence interval and TSH with median and quartile range as back-transformation for square root transformation cannot provide meaningful confidence intervals. Repeated measurements of TPO-ab, divided in two classes (<35, ≥35) during pregnancy from inclusion (gw 5-12) to gw 36, were analyzed using generalized estimating equation (GEE, GENLIN in SPSS), with the same factors as in the mixed model. In this case, the distribution of the outcome variable is binomial with a logit link function. The covariance structure for the two repeated measurements is exchangeable (compound symmetry). The Mixed Model and the GEE procedures in SPSS handle missing data. The effect of the treatments and the change in fT4 and TSH from baseline to gw 19 were investigated as possible predictors of the pregnancy outcomes preeclampsia, premature delivery and GDM, using multiple logistic regressions, one for each outcome. The interaction between the treatments and the change in fT4 and TSH was included in the logistic regression model according to the following;

	

λ=elog(probability of one pregnancy outcome/1- probability of one pregnancy outcome).

T = the treatment placebo (0) and metformin (1).

X= a continuous variable (change in fT4 and change in TSH).

T*X = the interaction between treatment and the continuous variable.

However, no interaction effects could be demonstrated for any of the outcome variables and therefore the main factors only were kept in the final models. These analyses were also performed with adjustment for age and BMI. The Spearman Rank correlation was calculated to measure the correlation between the weight gain and the change in fT4 and TSH from baseline to gw 36. Analyses of covariance, ANCOVA, was used to test whether the weight gain during pregnancy could explain the relationship between the treatment groups and the change in fT4 from baseline to gw 36 according to the following:

	

Yij = the observed change in fT4.

Ti = treatment i (placebo and metformin).

Xj = weight gain for patient j within treatment

ε = residual.

In all analyses a p-value of less than 0.05 was considered statistically significant.

Statistical calculations were done with the statistical program IBM Corp. Released 2019. IBM SPSS Statistics for Windows, Version 26.0. Armonk, NY: IBM Corp and Statistica for Windows 13.5 (TIBCO Software Inc. USA.




Results

Baseline demographic characteristics and clinical parameters were comparable between the metformin and the placebo groups (Table 1).


Table 1 | Baseline characteristics of participants.



Prior to inclusion, 13 women (4.5%) had a diagnosed and treated hypothyroidism and no one had hyperthyroidism. The thyroid hormone status (TSH, fT4 and TPO-ab) at inclusion in women with no previously known hypothyroidism is shown in Figure 2. Using a TSH cut-off of 4 mIU/L, the prevalence at inclusion of undiagnosed SCH and OH was 1.5% (95% CI: 0.58;3.77) and 0% (95% CI: 0.00; 1.41) respectively (Table 2). The prevalence of known and undiagnosed hypothyroidism combined was (4 SCH) + (0 OH) + (13 known) = 17/281 = 6%. There are missing data on seven subjects. Table 2 also presents data on isolated hypothyroxinemia and hyperthyroidism.




Figure 2 | Thyroid status of all participants at inclusion in 1st trimester. Continuous lines represent the first trimester reference range recommended by ATA 2017 for TSH and reference limits for non-pregnant individuals for fT4.




Table 2 | Prevalence of euthyroidism, hypo- and hyperthyroidism at first trimester.



There was no evidence of difference in the mean level of TSH between the metformin and placebo groups at any time point during pregnancy (Figure 3). However, a significant difference was observed between the groups regarding the change of fT4 over time, (the treatment * week interaction), p<0.001 (Figure 4). The mean level of fT4 was significantly higher (although within the reference range) in the metformin group compared to the placebo group (overall p<0.001) and specifically at gw 19 (p<0.001), gw 32 (p=0.001) and gw 36 (p=0.01). Furthermore, we could demonstrate a difference between the groups regarding the change in fT4 from baseline to different time points throughout pregnancy, i.e. fT4 decreased less in the metformin group (Figure 4). The mean differences, in the log scale log(pmol/L), between the groups (metformin – placebo) regarding the change from baseline were: to gw 19 -0.06, 95% CI (-0.09;-0.04), p<0.001, to gw 32 -0.05, 95% CI (-0.08;-0.02), p<0.001, to gw 36 -0.04, 95% CI (-0.07;-0.01), p=0.004.




Figure 3 | Serum levels of TSH (mIU/L) at baseline, gestational week 19, 32 and 36 in the metformin and placebo groups presented as medians and 25th-75th percentiles.






Figure 4 | Serum levels of fT4 (pmol/L) at baseline, gestational week 19, 32 and 36 in the metformin and placebo groups presented as geometric means and their 95% confidence intervals. **p < 0.01, ***p < 0.001.



Gestational weight gain was significantly lower in the metformin group compared to placebo (9.2 ± 5.2 vs 11.6 ± 11.1 kg, p=0.02), as previously shown (19, 20). There was a weak negative correlation between gestational weight gain and the decrease of fT4 from baseline to gw 36 in the two groups combined, i.e. the less weight gain, the smaller the decrease in fT4 (r = -0.17, p=0.020). However, the difference between the metformin and placebo groups regarding the change in fT4 between inclusion and gw 36 was independent of the change in weight during the same period [unadjusted 0.49 pmol/L 95% CI (0.07;0.91) and adjusted for weight change 0.46 pmol/L 95% CI (0.03;0.88)], i. e, the weight change during pregnancy could not explain the difference in fT4 between the metformin and placebo groups.

The prevalence of TPO-ab positivity was similar between the groups at inclusion and at the end of pregnancy (7.4% and 4.9% in the metformin group vs 6.9% and 6.0% in the placebo group, overall p=0.66). Furthermore, the change in TPO-ab (decrease, no change or increase) during pregnancy was similar between the groups (p=0.20).

Table 3 shows pregnancy outcomes in the metformin and placebo groups, respectively. As previously reported (24), we found a significantly lower risk of preterm delivery in the metformin group compared to placebo (4% and 11% respectively, p=0.02) whereas there was no difference for gestational diabetes and preeclampsia. Logistic regression showed a trend of an association between the change in fT4 from inclusion to gw 19 and the outcome GDM (OR 0.85 per 1 pmol/L, 95% CI (0.71;1.02), p= 0.07), i.e. the odds for GDM tended to be lower if the decrease in fT4 from the first to the second trimester was less profound. Adjustment for age and BMI did not change this association (Table 4). There was no statistically significant association between the change in fT4 and the other outcomes, i.e. preterm delivery and preeclampsia. Furthermore, the change in TSH between inclusion and gw 19 was not associated with these pregnancy complications.


Table 3 | Pregnancy outcome.




Table 4 | Odds Ratios and 95% CI for pregnancy complications per 1 mIU/L increase in TSH and per 1 pmol/L decrease in fT4 between inclusion and gw 19, estimated from logistic regression models with and without adjustment for age and BMI.





Discussion

According to our best knowledge, this is the first study on thyroid hormone status throughout pregnancy in women with PCOS treated with metformin or placebo. Metformin did not affect the level of TSH during pregnancy compared to placebo. However, the decrease in fT4 was smaller in the metformin group resulting in higher normal levels of fT4 throughout the course of pregnancy. Furthermore, a smaller decrease in fT4 tended to be associated with a lower risk of GDM.

Using a TSH cut-off of 4 mIU/L according to ATA 2017 recommendations (22), the prevalence of SCH and OH in early pregnancy in the women with PCOS was 1.5% and 0% respectively. Our results are in agreement with the prevalence in 1416 non-PCOS women in early pregnancy reported by Karcaaltincaba et al. (2020), who estimated the prevalence of SCH and OH to be 2.3% and 0.6% respectively, using the same TSH cut-off level (25). However, the prevalence of SCH in the present study is considerably lower when compared to studies in non-pregnant women with PCOS. Thus, in the meta-analysis of Ding et al. (2018) the prevalence of SCH (using a TSH cut-off of 2.5-5 mIU/L) varied between 11.3% and 36.6% with an increased OR of 2.87 compared to controls (4). A potential explanation to the discrepant results could be differences in age and BMI of the various populations studied, besides different cut-off levels of TSH. Our study population consisted of relatively young women with average BMI of 29 and their pregnant status could be considered as a sign of good reproductive and metabolic health.

In the present study, the TSH level during pregnancy was comparable between the metformin and the placebo group. In a meta-analysis of Lupoli et al. (2014), it was demonstrated that metformin induced a reduction in TSH levels in patients with diabetes/insulin resistance with OH and SCH but not in euthyroid subjects (26). Furthermore, Rotondi et al. (2011) found a TSH-lowering effect of metformin in non-pregnant women with PCOS and hypothyroidism (18). According to the same study, it was indicated that the TSH-lowering effect of metformin was more profound in individuals with more severe hypothyroidism. The lack of effect of metformin on TSH in our study might be explained by the fact that the majority of our participants was euthyroid.

A novel finding in the present study was the smaller decrease in fT4 during pregnancy by metformin compared to placebo. It has previously been suggested by Haddow et al. (2016) that low fT4 levels may serve as a surrogate marker for an increased peripheral deiodinase activity in conditions of obesity and insulin resistance (27). This will result in increased conversion of T4 to T3 and thus low levels of fT4 and higher T3/T4 ratio. Since increased peripheral deiodinase activity should also be present among PCOS women, we speculate that metformin could cause a suppression of this, resulting in higher levels of fT4 in the metformin group compared to placebo.

Regarding pregnancy outcomes, we did not find any association between the change in fT4 from inclusion to gw19 and the pregnancy complications preterm delivery, preeclampsia and GDM, independently of randomization group. However, the change in fT4 from the first to the second trimester tended to be associated with a lower risk of GDM. Several studies have reported inverse associations between fT4 and GDM. Most studies have found evidence for this association in the second and third trimester but not in the first (27–30). However, Yang et al. could demonstrate that even in early pregnancy low fT4 levels may predispose to GDM (31). In a cohort of 9351 euthyroid pregnant women, low fT4 was associated with GDM. The authors suggested that the causal factor contributing to GDM was the high levels of T3, caused by an increased deiodinase activity and indicated by low fT4 levels (27). This mechanism may also explain our results. Furthermore, the finding of the association between less weight gain during pregnancy and a smaller decrease in fT4 could indicate a link between insulin resistance and the lower fT4 levels. This is supported by the weak correlation between gestational weight gain and the change in fT4 during pregnancy in the whole cohort.

The strengths of our study include the randomized placebo-controlled, multi-center design, the longitudinal follow-up during pregnancy, the good adherence to study medication and the lack of inclusion limitations according to PCOS phenotypes or BMI. Nevertheless, there are certain limitations related to the present study. First, the estimated prevalence of hypothyroid disorders could not be related to a non-PCOS population since we lack a control group. However, this was beyond the aim of this RCT. Furthermore, T3 levels were not measured, and therefore we were not able to calculate the T3/T4 ratio, which is reported to be a measure of deiodinase activity. In addition, as we lack population- and trimester-specific reference ranges for TSH and fT4, we had to use the non-pregnant reference range for fT4.

In conclusion, we have demonstrated that fT4 decreased less and weight gain was lower in women with PCOS treated with metformin during pregnancy in comparison with placebo. The lower decrease in fT4 tended to be associated with a lower risk for GDM. The prevalence of mild hypothyroidism in the first trimester among pregnant women with PCOS was low in this study. Future studies are needed to confirm our results, as well as to increase our understanding of the underlying mechanisms for the possible effect of metformin on thyroid hormone status.
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Demographics

Age (years) 291 +4.4 29.4+45 289+43
Weight (kg) 80.8 + 18.8 822+ 191 79.5+18.5
BMI (kg/m?) 28.8 £ 6.6 20.4 £ 6.6 28.3 £ 6.6
Parity (%)

0 61.5 63.6 59.5

1 30.6 30.7 30.4

2 6.6 43 8.8

3 1.4 14 1.4
Smoking (%) 8.1 10.7 5.6
Caucasian ethnicity (%) 97.6 96.4 98.6
Hypothyroidism prior to inclusion (%) 4.5 4.3 4.7
Metformin treatment at conception (%) 30.6 31.4 29.7
Gestational age at inclusion (days) 73 £ 14 73 £ 14 72 +14
Positive TPO-ab (%) 71 74 6.9

Clinical characteristics

Systolic blood pressure (mm Hg) 118 £ 12 119+ 13 M7 12
Diastolic blood pressure (mm Hg) 73+ 11 74 £12 72+10
Glucose fasting (mmol/L) 46 +05 46 +0.5 4.7 £0.6
Glucose 2h (mmol/L) 57+16 56+15 5817

Data presented as mean = SD or n (%) as appropriate.
None of the comparisons between the groups showed statistically significant difference (p-value < 0.05).





