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Abstract

Objective: A high activity of the deiodinase type 2 has been proposed in overweight, 
obese, and smoking pregnant women as reflected by a high triiodothyronine  
(T3)/thyroxine (T4) ratio. We speculated how maternal adiposity and smoking would 
associate with different thyroid function tests in the early pregnancy.
Design: Cross-sectional study within the North Denmark Region Pregnancy Cohort.
Methods: Maternal thyroid-stimulating hormone (TSH), total T4 (TT4), total T3 (TT3), free 
T4 (fT4), and free T3 (fT3) were measured in stored blood samples (median gestational 
week 10) by an automatic immunoassay. Results were linked to nationwide registers, 
and live-birth pregnancies were included. The associations between maternal adiposity 
(overweight or obese), smoking, and log-transformed TSH, fT3/fT4 ratio, and TT3/TT4 
ratio were assessed using multivariate linear regression and reported as adjusted 
exponentiated β coefficient (aβ) with 95% CI. The adjusted model included maternal age, 
parity, origin, week of blood sampling, and diabetes. 
Results: Altogether 5529 pregnant women were included, and 40% were classified with 
adiposity, whereas 10% were smoking. Maternal adiposity was associated with higher 
TSH (aβ 1.13 (95% CI 1.08–1.20)), whereas maternal smoking was associated with lower 
TSH in the early pregnancy (0.875 (0.806–0.950)). Considering the T3/T4 ratio, both 
maternal adiposity (fT3/fT4 ratio: 1.06 (1.05–1.07); TT3/TT4 ratio: 1.07 (1.06–1.08)) and 
smoking (fT3/fT4 ratio: 1.07 (1.06–1.09); TT3/TT4 ratio: 1.10 (1.09–1.12)) were associated 
with a higher ratio.
Conclusions: In a large cohort of Danish pregnant women, adiposity and smoking 
showed opposite associations with maternal TSH. On the other hand, both conditions 
were associated with a higher T3/T4 ratio in early pregnancy, which may reflect altered 
deiodinase activity.

Introduction

Maternal thyroid function in early pregnancy is a 
debated matter (1, 2). The role of thyroid hormones 
in fetal brain development has long drawn ample 
attention to the potential adverse consequences of 
abnormal maternal thyroid function in pregnancy (3, 4).  

However, uncertainties prevail on the definition of thyroid 
disease in pregnant women and on the role of smaller 
deviations in maternal thyroid function (3, 4). It has 
long been recognized that the pregnant state influences  
maternal physiology considerably necessitating  
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pregnancy-specific reference ranges for thyroid function 
tests (5, 6). Some of the well-known physiological effects 
in pregnancy include the estrogen-mediated increase 
in thyroxine-binding globulin (TBG) and the thyroid-
stimulating effect of human chorionic gonadotropin 
(hCG). What remains less certain is how pregnancy affects 
the metabolism of thyroid hormones via the iodothyronine 
deiodinases types 1, 2, and 3 (D1, D2, and D3).

D2 and D3 are expressed in placenta throughout 
pregnancy, however, with the highest enzyme activity 
in the early pregnancy weeks (7, 8). D2 catalyzes the 
conversion of thyroxine (T4) to triiodothyronine (T3), and 
a high enzyme activity is reflected by a high T3/T4 ratio 
(7, 8). D3 inactivates thyroid hormones by catalyzing the 
conversion of T3 to reverse T3 (rT3), and a high enzyme 
activity is reflected by a high rT3/T3 ratio. The high D3 
activity from early pregnancy is thought to protect the 
fetus against excessive levels of thyroid hormones (3, 7), 
but aspects remain uncertain on the role and impact of the 
different deiodinases in pregnancy.

It is an intriguing finding that non-thyroidal 
characteristics possibly via an effect on the activity of the 
deiodinases may influence the levels of thyroid hormones 
(9). Adiposity and smoking are some of the major threats 
to public health and common patient characteristics 
in pregnant and non-pregnant women (10, 11). In non-
pregnant individuals, a higher activity of the D2 as 
reflected by a higher T3/T4 ratio has been proposed in 
overweight and obese individuals with a concomitant 
decrease in the ratio after weight loss (12). On the other 
hand, most studies found high T3 and high T4 in smokers 
(13). In pregnant women, studies have indicated that both 
maternal adiposity and smoking may be associated with 
a high T3/T4 ratio (14, 15). More evidence is needed to 
scrutinize how the physiological alterations in pregnancy, 
in combinations with individual non-thyroidal factors, 
associate with maternal thyroid function in the  
early pregnancy.

We aimed to investigate the association between 
maternal adiposity (overweight or obese) and smoking in 
pregnancy and a series of thyroid function tests performed 
in early pregnancy using stored blood samples from the 
North Denmark Region Pregnancy Cohort (NDRPC) and 
linkage to Danish nationwide health registers.

Materials and methods

The study is a cross-sectional design performed within 
the NDRPC. The NDRPC is a large biobank including 

stored blood samples from pregnant women in the North 
Denmark Region (5, 6). The blood samples were drawn as 
part of nationwide screening for chromosomal anomalies 
in Denmark from 2011 to 2013, and serum residues from 
these samples were stored at –80°C in a biobank and 
used for the measurement of maternal thyroid function 
parameters. The biochemical measurements were then 
linked to information in Danish nationwide health 
registers. The study was approved by the North Denmark 
Region Committee on Health Research Ethics (20150015) 
and the Danish Data Protection Agency (2008-58-0028).

Measurement of thyroid function parameters 
was performed using automatic immunoassays in the 
Departments of Clinical Biochemistry in the North 
Denmark Region, as previously described in detail (5, 6). 
In 2017–2018, the samples were used for measurement of 
maternal thyroid-stimulating hormone (TSH), free T4 (fT4), 
free T3 (fT3), total T4 (TT4), total T3 (TT3), and T-uptake 
on a Cobas 8000 (Roche Diagnostics, Basel, Switzerland), 
method A (6). Prior to these analyses, maternal TSH and 
fT4 had been measured in the same samples in 2015–2016 
together with thyroid peroxidase antibodies (TPO-Ab) and 
thyroglobulin antibodies (Tg-Ab) on an ADVIA Centaur 
XPT (Siemens Healthineers, Erlangen, Germany), method 
B (5). In brief, all analyses were performed in routine 
hospital laboratories that were accredited according to 
DS/EN ISO 15189. All assays were validated prior to project 
initiation, and internal as well as external controls were 
included during the project period.

The biochemical measurements were linked to 
information in Danish nationwide health registers 
including the Medical Birth Register (MBR), the Danish 
National Hospital Register (DNHR), the Danish National 
Prescription Register (DNPR), and demographics available 
at Statistics Denmark. Information on maternal thyroid 
disease before, during, and after the pregnancy as well as 
diabetes was obtained from the combined use of hospital 
diagnoses in the DNHR and redeemed prescriptions 
assessed in the DNPR, as previously specified in detail (5, 
16). Information on maternal age, gestational age, BMI, 
and smoking status was obtained from the MBR, which 
holds data on all births in Denmark (17). Thus, the MBR 
holds information on maternal height and pre-pregnancy 
body weight as well as smoking status in the first trimester 
of pregnancy including the number of cigarettes smoked 
per day.

This study included all live-birth pregnancies with 
measurement of maternal thyroid function in the early 
pregnancy using both biochemical methods (n = 5770). The 
selection of live births was required to obtain information 
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on maternal BMI and smoking, and the first pregnancy in 
the study period was included to ensure that each woman 
participated only once. Pregnant women with missing 
information on BMI, smoking, or parity were excluded 
(n = 76). Also, women who reported smoking cessation 
(n = 85) were excluded because the date of smoking 
cessation in pregnancy was not registered. Finally, women 
who received medical treatment for thyroid disease in 
the early pregnancy (n = 77) and women with outlying 
thyroid function test results above the measurement  
range (n = 3) were excluded, leaving 5529 women in the 
study population.

Information on maternal height and pre-pregnancy 
weight was used to calculate pre-pregnancy BMI (body 
weight (in kg) divided by the height (in m2)). Concerning 
thyroid function tests, the free T4 index (ft4 index) was 
calculated as the TT4 divided by T-uptake. Individual T3/
T4 ratios were calculated including the TT3/TT4 ratio and 
the fT3/fT4 ratio. Maternal BMI and thyroid function 
test results showed non-normal distribution and were 
described by the median and the interquartile range. All 
thyroid function test results including the ratios were 
log-transformed prior to regression analyses. Multivariate 
linear regression was used to evaluate the association 
between categories of maternal BMI and smoking status in 
pregnancy, respectively, and continuous outcomes of the 
log-transformed thyroid function test results. Results of the 
regression analyses were back-transformed and reported as 
the geometric mean and the adjusted exponentiated beta 
coefficient (aβ). The aβ can be interpreted as the ratio of the 
outcome variable between the exposure and the reference 
group. The adjusted model included categorical variables 
(maternal BMI (<18.5 (underweight), 18.5–24.9 (normal 
weight), 25.0–29.9 (overweight), 30.0–34.9 (obesity), 
≥35 kg/m2 (severe obesity)); smoking (yes/no); parity 
(nulliparous/multiparous); origin (born in Denmark: 
yes/no); and diabetes (yes/no)) and continuous variables 
(maternal age and gestational week of blood sampling).

Possible interaction between maternal BMI and 
smoking was considered in a sub-analysis by the inclusion 
of an interaction term (BMI × smoking status) in the 
models. To evaluate a potential dose-dependent effect of 
maternal smoking, additional analyses were performed 
among smokers with information on the number of 
cigarettes smoked per day. Furthermore, stratified analyses 
were performed by gestational week of blood sampling 
(week 4–8, 9–11, and 12–14). In sensitivity analyses, the role 
of thyroid autoantibodies was investigated by additional 
adjustment for TPO- and Tg-Ab as categorical variables 
(TPO-Ab positive (yes/no) defined by TPO-Ab above  

60 U/mL (n = 540); Tg-Ab positive (yes/no) defined by Tg-Ab 
above 60 U/mL (n = 540), as previously described in detail 
(16)). Furthermore, results were repeated when individuals 
diagnosed with thyroid disease before, during, or after the 
pregnancy were excluded (n = 161).

Results were reported with three significant digits, a 
5% level of significance was chosen, and statistical analyses 
were performed using STATA version 16 (Stata Corp).

Results

Altogether, 5529 pregnant women were included in 
the study, and the blood samples were drawn in early  
pregnancy ranging from gestational week 4 to 14 with most 
samples around week 10 (Table 1). Most of the women 
(89.5%) were born in Denmark, and nearly half (46.4%) 
were expecting their first child. A summary of maternal 
thyroid function test results in the cohort showed that 
median TSH and fT4 were slightly lower with method B 
compared with method A (Table 1).

Overall, 56.0% of the pregnant women were classified 
as normal weight, 3.9% were underweight, and 40.1% 
of the women had a pre-pregnancy BMI at or above  
25.0 kg/m2 corresponding to adiposity (Table 2). Among 
women with adiposity, 24.4% were overweight, 10.3% were 
obese, and 5.4% had severe obesity (Table 2). In total, 10.3% 
of the women reported that they were smoking in the first 
trimester, and the frequency of smoking was dependent on 
maternal BMI. Thus, 19.9% of underweight women were 
smoking, whereas among women classified with adiposity, 
the frequency of maternal smoking was 11.6%.

Table 1 Characteristics of the pregnant women in the study 
population (n = 5529).

Median IQR

Age (years) 29.9 26.6–33.3
BMI (kg/m2)a 23.9 21.4–27.5
Week of blood sampling 10 9–11
Thyroid function tests
 TSH (mIU/L)b 1.18 0.724–1.80
 TSH (mIU/L)c 1.04 0.627–1.59
 Free T4 (pmol/L)b 16.6 15.3–18.0
 Free T4 (pmol/L)c 16.2 15.0–17.6
 Free T4 index (nmol/L)b, d 113 100–126
 Total T4 (nmol/L)b 127 112–144
 Total T3 (nmol/L)b 2.34 2.06–2.66
 Free T3 (pmol/L)b 5.05 4.70–5.47

aCalculated from pre-pregnancy weight and height. bMethod A (Cobas 
8000, Roche Diagnostics). cMethod B (ADVIA Centaur XPT, Siemens 
Healthineers). dCalculated as total T4 divided by T-uptake.
IQR, interquartile range; TSH, thyroid-stimulating hormone; T4, thyroxine; 
T3, triiodothyronine.
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In multivariate regression, maternal BMI as well as 
smoking status were associated with the different measures 
of maternal thyroid function. Considering maternal TSH, 
underweight and smoking were associated with lower TSH, 
whereas adiposity was associated with higher TSH (Table 
2). Increasing severity of maternal adiposity defined by 
increasingly higher BMI was associated with higher TSH, 
and this trend was similar regardless of the biochemical 
method used (Table 2). Considering measures of maternal T4, 
maternal adiposity and smoking were associated with lower 
fT4 and fT4 index (Tables 2 and 3) and smoking was associated 
with lower TT4, whereas no significant change in TT4 was 
seen for adiposity (Table 3). On the other hand, maternal 
underweight was associated with higher fT4 and higher ft4 
index, but not with significant deviations in TT4. For measures 
of T3, maternal adiposity and smoking were associated with  
higher and underweight with lower fT3 and TT3.

When the measurements of T4 and T3 were used to 
calculate individual T3/T4 ratios, maternal underweight was 
associated with lower ratios, whereas increasing severity of 
maternal adiposity was associated with increasingly higher 
ratios, and this trend was seen for measures of free and total 
thyroid hormones, respectively (Fig. 1). Maternal smoking 
was associated with higher T3/T4 ratios for free and for total 
thyroid hormones measures, but no dose-dependent effect 
was seen according to the reported number of cigarettes 
smoked per day (Fig. 2). When analyses were stratified by 
week of blood sampling in the early pregnancy, associations 
were seen within each stratum with no apparent trend by 
increasing gestational age (Table 4).

Overall, no interaction between maternal BMI and 
smoking status was seen in any of the models (P > 0.05 
for the interaction term). Results did not change when 
additionally adjusting for maternal TPO-Ab or Tg-Ab status 
or when women diagnosed with thyroid disease before, 
during, or after the pregnancy were excluded.

Discussion

Principal findings

In this large study of Danish pregnant women with 
comprehensive assessment of thyroid function in early 
pregnancy, maternal adiposity and smoking showed 
associations with a series of thyroid function tests. First, 
adiposity was associated with higher maternal TSH 
and a dose-dependent association with maternal BMI 
was seen. On the other hand, maternal smoking was 
associated with lower TSH. Secondly, both adiposity and 
smoking were associated with a higher maternal T3/T4  Ta
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ratio, and this finding was consistent irrespective of 
whether free or total thyroid hormone measurements 
were used. The associations observed in this clinical 
setting led to speculations on the underlying mechanisms. 
Furthermore, the robust associations between non-
thyroidal maternal characteristics and thyroid function 
encourage considerations on the clinical implication.

Interpretation

A link between environmental exposures and thyroid disease 
has long been established (18). Historically, iodine intake was 
one of the most predominant environmental risk factors for 
thyroid disease, and population iodine intake is still a major 
determinant (19). The global implementation of iodine 
fortification programs has changed the occurrence and 
subtypes of thyroid disease in many countries. Meanwhile, 
there have been considerable lifestyle changes and a changing 
trend in other environmental risk factors. Adiposity and 
smoking are major health concerns. Although the frequency 
of smoking has declined, our data show that a significant 
proportion of pregnant women in Denmark were smoking 
one decade ago in line with global figures (11). Considering 
adiposity, the frequency is increasing worldwide, also in 
pregnant women, and more than one-third of the pregnant 
women in our cohort were overweight or obese (10).

The association among BMI, smoking, and thyroid 
disease has long been considered. One part is the autoimmune 
origin of thyroid disease, and the interaction between 
environmental factors and autoimmune mechanisms 
(18). Another part is on thyroid function. In non-pregnant 
individuals, a positive association between BMI and levels 
of TSH has generally been seen, and a negative association 
with T4 was indicative of an association between adiposity 
and hypothyroidism (20). In contrast to these findings, a 
higher T3, and thereby a higher T3/T4 ratio, has been found 
in individuals with high BMI and a decrease in the ratio after 
weight loss (12). One hypothesis is that nutritional status 
affects deiodinase activity, in particular, the conversion of 
T4 to T3 via D2, and that adiposity increases D2 activity, 
which is reversed with weight loss (12). Another hypothesis 
is that the altered thyroid function in obese individuals may 
reflect a required central resistance to thyroid hormones, 
which may also be reversible with weight loss (21).

Our findings regarding maternal TSH, T3, and 
T4 in early pregnancy are consistent with findings in  
non-pregnant individuals and in pregnant women. 
All previous studies in pregnant women included the 
measurement of TSH, and different analytical platforms 
were used, but it varied between studies when the blood Ta
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sample was drawn in pregnancy, whether T4 and/or T3 
was measured, and whether total and/or free thyroid 
hormone measures were used (15, 22, 23, 24, 25, 26, 27, 28). 
Regardless of study differences, it was a consistent finding 
that higher maternal BMI was associated with higher TSH. 
Considering thyroid hormone levels, lower T4, higher T3, 
and higher T3/T4 ratio were the main findings associated 
with higher maternal BMI. Notably, we observed a negative 
association between maternal BMI and fT4, but no clear 
association with TT4. A few previous studies included 
measures of TT4 in addition to fT4 (25, 28). One study found 
a negative association between BMI and levels of both fT4 
and TT4 in early pregnancy (25), whereas another study 
found lower levels of fT4 and increasing levels of TT4 with 
higher maternal BMI (28). The conflicting results inspire 
speculations on the interplay with the physiological effects 
in pregnancy. The total thyroid hormone concentration 
increases from the early pregnancy in parallel with the 
increasing levels of TBG. In non-pregnant individuals, body 

fat mass and leptin levels were positively associated with TBG 
(29). Other binding proteins such as the sexual hormone 
binding globulin (SHBG) have been studied in obesity, and 
lower levels of SHBG were in general found in non-pregnant 
and in pregnant individuals (30). Following these lines of 
thought, we speculate whether the physiological alteration 
in TBG associated with pregnancy is influenced by maternal 
adiposity. Assessment of TBG in relation to BMI in pregnant 
women would be warranted to extend the findings.

Another physiological effect in pregnancy is the activity 
of the deiodinases, mainly D3 and D2, in placenta from the 
early pregnancy weeks (7, 8). The higher T3/T4 ratio observed 
in obese pregnant women in our study and in previous 
reports may be compatible with an increased activity of the 
D2 (15). Considering D3, the activity of this enzyme is high 
from the early pregnancy weeks as evident from a higher 
rT3/T3 ratio (3). One may speculate on the role of maternal 
adiposity in relation to the activity of D3 in early pregnancy, 
and how a combined effect of adiposity on D2 and D3 

Figure 1
Adjusted exponentiated beta coefficient (aβ) with 
95% CI for maternal log-transformed 
triiodothyronine (T3)/thyroxine (T4) ratio stratified 
by maternal weight categories. The adjusted 
model included maternal age, parity, smoking, 
gestational week of blood sampling, origin, and 
diabetes. Measurements of T3 and T4 were 
performed using Method A (Cobas 8000, Roche 
Diagnostics), and filled circles illustrate the free 
T3/free T4 ratio, whereas open circles illustrate 
the total T3/total T4 ratio. Ref. indicates the 
reference group.

Figure 2
Adjusted exponentiated beta coefficient (aβ) with 
95% CI for maternal log-transformed 
triiodothyronine (T3)/thyroxine (T4) ratio stratified 
by maternal smoking status in pregnancy and by 
the intensity of maternal smoking (cigarettes per 
day). The adjusted model included maternal age, 
parity, BMI, gestational week of blood sampling, 
origin, and diabetes. Measurements of T3 and T4 
were performed using Method A (Cobas 8000, 
Roche Diagnostics), and filled circles illustrate the 
free T3/free T4 ratio, whereas open circles 
illustrate the total T3/total T4 ratio. Ref. indicates 
the reference group.
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activity would be reflected in maternal thyroid function 
test results. Assessment of rT3 in relation to maternal BMI in 
pregnant women could extend the findings.

Another perspective on obesity is the link with 
diabetes. In non-pregnant individuals, T3 and TBG have 
been positively associated with glucose levels and insulin 
resistance (29). Similarly, the T3/T4 ratio was higher in 
pregnant women with gestational diabetes mellitus when 
evaluated at 24 and 32 weeks of gestation (15). The T3/T4 
ratio correlated with BMI and with glucose and C-peptide 
levels in late pregnancy, and the authors speculated that a 
BMI-mediated increase in D2 activity in turn via elevated 
T3 levels may be a cause of higher glucose levels (15). In 
our study, we had information on maternal diagnosis of 
diabetes as a proxy for diabetes in pregnancy. We found 
robust associations between maternal BMI and the T3/T4 
ratio after adjustment for diabetes, but further studies with 
biochemical assessment of maternal thyroid function and 
glucose levels in pregnancy would be of interest to enhance 
the understanding of the underlying mechanisms.

Considering smoking and thyroid function, lower TSH 
has generally been described in non-pregnant smoking 
individuals and often accompanied by an increase in 
both T4 and T3 (13). The association between smoking in 
pregnancy and maternal thyroid function has previously 
been investigated (14, 28, 31). Most studies relied on  

self-reported information on maternal smoking status, but 
results were corroborated using cotinine measurements in 
one of the cohorts (28). Overall, the findings suggest lower 
TSH, higher T3, and lower or unaltered T4 in smoking 
pregnant women compatible with a higher T3/T4 ratio. It 
has been proposed that these findings reflect a smoking-
mediated effect on deiodinase activity (14), which may 
be more pronounced in pregnant women because of the 
parallel physiological effect. In non-pregnant individuals, 
the increase in T3 and T4 in smokers is proposed to reflect 
a smoking-induced activation of the sympathetic nervous 
system (13). Notably, pregnancy may have a physiological 
impact on the activity of the autonomic nervous system, 
and the balance of sympathetic to parasympathetic 
activity may change throughout pregnancy (32). In our 
study, we observed no dose-dependent effect of smoking, 
but a previous study found that maternal smoking history 
from the number of pack-years was associated with T4 and 
T3 in pregnancy (14). In this cohort, it was further found 
that women who quitted smoking in the pregnancy had 
lower T4 and higher T3, but higher TSH (14). The number 
of women who reported smoking cessation in pregnancy 
in our study was limited, and we could not address the 
timing of smoking cessation in relation to blood sampling.

Our study relied on an indirect assessment of exposure 
from maternal pre-pregnancy BMI and self-reported 

Table 4 The association between maternal BMI and smoking status in pregnancy and different measures of maternal 
triiodothyronine (T3)/thyroxine (T4) ratio stratified by week of pregnancy.

n
Free T3/free T4 ratioa Total T3/total T4 ratioa

Meanb aβc 95% CI Meanb aβc 95% CI

BMI (kg/m2)d

 Week 4–8
  18.5–24.9 284 0.304 Ref. 0.018 Ref.
  ≥25.0 242 0.324 1.07 1.04–1.09 0.020 1.07 1.04–1.09
 Week 9–11
  18.5–24.9 2492 0.298 Ref. 0.018 Ref.
  ≥25.0 1756 0.317 1.06 1.05–1.07 0.019 1.07 1.06–1.08
 Week 12–14
  18.5–24.9 320 0.298 Ref. 0.018 Ref.
  ≥25.0 219 0.321 1.07 1.04–1.09 0.020 1.08 1.05–1.11
Smokinge

 Week 4–8
  Non-smoking 472 0.301 Ref. 0.019 Ref.
  Smoking 73 0.329 1.05 1.02–1.09 0.021 1.09 1.05–1.13
 Week 9–11
  Non-smoking 3991 0.302 Ref. 0.018 Ref.
  Smoking 431 0.332 1.08 1.07–1.10 0.020 1.11 1.09–1.13
 Week 12–14
  Non-smoking 495 0.304 Ref. 0.018 Ref.
  Smoking 67 0.322 1.03 0.995–1.07 0.020 1.05 1.01–1.10

aMethod A (Cobas 8000, Roche Diagnostics). bGeometric mean. cAdjusted model included maternal BMI, smoking, age, parity, origin, and diabetes. 
dMaternal pre-pregnancy BMI. eMaternal smoking in the pregnancy.
aβ, adjusted exponentiated beta coefficient.
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smoking habits. Information on maternal body weight 
in pregnancy was not available in the study population; 
however, pre-pregnancy BMI has been shown to correlate 
well with measured BMI and with BMI assessed in early 
pregnancy (33, 34). Considering smoking in pregnancy, 
self-reported information and cotinine levels have been 
shown to correlate but with a risk of underreporting active 
smoking and the smoking intensity (35). We acknowledge 
that stored blood samples were used for assessment of 
thyroid function tests including repeated measurements 
with different methods in the same samples. However, 
thyroid function parameters are in general considered 
stable for long-term storage and freezing and thawing (36).

Implication

Our results corroborate an association between maternal 
adiposity, smoking, and thyroid function in early 
pregnancy. The clinical findings support the hypothesis 
that these non-thyroidal maternal characteristics may 
alter deiodinase activity in pregnancy, particularly D2 
activity, as reflected by a high T3/T4 ratio. However, the 
clinical and scientific implication of the associations 
remain uncertain as for the underlying mechanisms. It 
may be that the discrete alterations in thyroid hormone 
levels are not related to disorders of the thyroid gland 
but rather hormonal amendments in response to non-
thyroidal aberrations. To this end, much focus has been 
on the role of smaller deviations in maternal thyroid 
function, e.g. hypothyroxinemia, in relation to adverse 
pregnancy outcomes (37). Following our line of thought, 
it may be speculated whether associations observed 
between smaller deviations in maternal thyroid function 
and adverse pregnancy outcomes may be confounded 
by other maternal characteristics such as adiposity and 
smoking, which independently are known risk factors 
for pregnancy complications (3, 4). Notably, treatment 
of smaller alterations in maternal thyroid function 
showed no effect in randomized controlled trials (38, 
39). These studies’ conclusions combined with the robust 
associations between maternal adiposity, smoking, and 
thyroid function are intriguing. An alternative to the 
focus on identifying and treating smaller thyroid function 
deviations may be to consider the impact of physiological 
non-thyroidal characteristics in the applied reference 
ranges for thyroid function tests to improve the diagnosis 
of actual thyroid disease. Further studies that address the 
role of maternal non-thyroidal characteristics in relation 
to thyroid function in pregnancy are warranted to inform 
the debate.
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