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Background: Smokers in the general population have lower thyrotropin (TSH) and higher free triiodothyronine
(fT3) and free thyroxine (fT4) concentrations, but the results in pregnant population vary from no effect to a
decrease in TSH and fT4 concentrations and an increase in fT3 levels. Our objective was to further evaluate the
question of whether there is an association between smoking, before and during pregnancy, with maternal
thyroid function during pregnancy and with the risk for subsequent hypothyroidism.
Methods: Our study population was a prospective population-based cohort (N = 9362), the Northern Finland
Birth Cohort 1986, with extensive data throughout gestation. The mothers underwent serum sampling in early
pregnancy. The samples were assayed for TSH, fT3, fT4, thyroid-peroxidase antibodies (TPO-Ab), and thyro-
globulin antibodies (TG-Abs) (n = 5805). Mothers with thyroid dysfunction diagnosed before or during preg-
nancy were excluded, leaving 4837 euthyroid mothers. The smoking status of mothers and fathers were
requested by questionnaires during pregnancy. Subsequent maternal morbidity relating to hypothyroidism 20
years after the index pregnancy was evaluated using national registers.
Results: Euthyroid mothers who smoked before, or continued smoking during first trimester of pregnancy, had
higher serum fT3 ( p < 0.001) and lower fT4 ( p = 0.023) concentrations than nonsmokers. Smoking in the second
trimester was associated with higher fT3 ( p < 0.001) concentrations, but no difference in fT4 concentrations
compared with nonsmokers. TG-Abs were less common among smoking than nonsmoking mothers (2.5% vs.
4.7%, p < 0.001), but the prevalence of TPO-Ab was similar. Paternal smoking had no independent effect on
maternal early pregnancy thyroid hormone or antibody concentrations. The risk of subsequent maternal hy-
pothyroidism after follow-up of 20 years was similar among prepregnancy smokers and nonsmokers.
Conclusions: In euthyroid women, smoking during pregnancy was associated with higher fT3 levels and lower
fT4 levels; possibly reflecting smoking-induced changes in peripheral metabolism of thyroid hormones. No
differences were found in TSH concentrations between smokers and nonsmokers. Our results differ from those
of the general population, which usually have shown smoking-induced thyroidal stimulation. This is possibly
due to pregnancy-induced changes in thyroid function. Decreases in fT4 levels among smokers might predispose
to hypothyroidism or hypothyroxinemia during pregnancy. Despite these changes in thyroid function, smoking
did not increase the woman’s risk of subsequent hypothyroidism.

Introduction

One in five working-aged women smoke daily and up to
15% of women smoke during pregnancy (1) despite the

well-known harmful effects of smoking on fetal growth and
pregnancy outcomes (2). Smoking is also known to affect
thyroid function, but the magnitude and direction of the effect
varies greatly with different studies. Studies in nonpregnant

populations have shown an increase in free triiodothyronine
(fT3) and free thyroxine (fT4) concentrations (3–6) and a de-
crease in thyrotropin (TSH) concentrations among smokers
(3–13). However, one study of nonpregnant female smokers
with subclinical hypothyroidism showed higher TSH levels,
and smokers with overt hypothyroidism had poorer meta-
bolic health markers, indicating greater degree of hypothy-
roidism (14). A lower prevalence of thyroid autoantibodies,
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especially thyroglobulin antibodies (TG-Abs) has been found
in nonpregnant populations of smokers (12,13,15), as well as
an increase in the risk for developing thyroid peroxidase
antibodies and/or thyroglobulin antibodies with smoking
cessation (16).

Previous studies among pregnant women have shown that
smokers have higher fT3 (17). The results regarding TSH and
fT4 concentrations are more heterogenous, with some show-
ing no association with TSH (18,19) or fT4 (17,20) and others
having lower TSH (17,20) and fT4 levels among smokers
(18,19). The possibility of an association of smoking with al-
terations in thyroid function among pregnant women is,
however, of importance. Hypothyroidism and hypothyrox-
inemia affect up to 5% of pregnant women and have been
associated with several adverse pregnancy and perinatal
outcomes (21,22).

Smoking is known to increase the risk of Graves’ disease
(23) and it is also associated with goiters (3,6,9,23) in the general
population, although iodine intake seems to affect this associ-
ation (6). The results regarding hypothyroidism are less con-
sistent, as some have shown an increase in the degree of
hypothyroidism among nonpregnant female smokers (14), but
others have shown that smokers have a lower prevalence of
current hypothyroidism (8,12,24). The risk of Hashimoto’s
thyroiditis and postpartum thyroiditis is higher among smok-
ers (23,25). Despite these risks, overt hypothyroidism has not
been associated with smoking, although the studies have been
heterogeneous (23). To our knowledge, there are no studies
evaluating if there is an association between smoking and the
development of hypothyroidism during long-term follow-up.

The aim of this study was to determine if there is an asso-
ciation between smoking and serum TSH, fT4, and fT3 as well
as thyroid autoantibody concentrations in euthyroid pregnant
Finnish women. In addition, the effect of smoking on subse-
quent morbidity relating to hypothyroidism was evaluated,
with a follow-up period of over 20 years.

Subjects and Methods

Northern Finland Birth Cohort 1986

The prospectively collected Northern Finland Birth Cohort
1986 (NFBC 1986) comprises 99% of all births with the cal-
culated term between July 1, 1985 and June 30, 1986 drawn
from the two northernmost provinces of Finland (N = 9362
mothers, N = 9479 children). In this study, only singleton
pregnancies were included (n = 9247). The cohort has been
followed since the 12th week of gestation. Data were collected
during routine visits to communal maternity welfare clinics
(free-of-charge service for all pregnant women; participation
rate 99.8%) as well as via questionnaires. The first question-
naire, on demographic, biologic, and socioeconomic charac-
teristics of the mothers/families, covered the period up to
week 24 of gestation, when the mothers were recruited to the
study if still pregnant. The second questionnaire contained
items about the mother’s health during pregnancy. The nurses
in the communal maternity clinics helped the mothers to fill in
the questionnaire and ensured that all questions were an-
swered. The third questionnaire, which contained items about
the pregnancy, hospital care, delivery, and neonatal outcome,
was completed in the maternity hospitals by the attending
midwives. All births in this area during this time period took
place in public hospitals (26,27).

Maternal smoking habits were also evaluated via ques-
tionnaires. The questionnaires included questions on mater-
nal smoking before pregnancy and during pregnancy (in the
first and second trimesters separately), duration of smoking
(years), number of cigarettes smoked per day, change of
smoking habit during pregnancy (quit, reduced, increased,
and no change), number of cigarettes smoked after the
change, and if the change occurred before serum sampling.
Paternal smoking habits were asked about separately
(smokes/does not smoke). Based on the reported duration of
smoking and number of cigarettes smoked per day, the
maternal smoking history was recorded as pack-years (one
pack-year = 20 cigarettes smoked per day for one year). Data
concerning the other maternal background factors (age, body
mass index [BMI], parity, obstetric history, and previous
diseases) were obtained through the questionnaires. The
Ethics Committees of the Northern Ostrobothnia Hospital
District and the National Institute of Health and Welfare ap-
proved this study. Informed consent was obtained from all
subjects.

Serum samples and laboratory assays

The biochemical data were obtained via the Finnish Ma-
ternity Cohort, which is a biobank consisting of serum sam-
ples collected from all pregnant women in Finland and
approved under the Finnish law. The law allows use of the
samples in studies promoting public health. The samples
were stored at - 25�C and thawed for the first time for the
analyses in this study in 2006. The effects of freezing, thawing,
and frozen storage on thyroid laboratory parameters have
been reported previously (28). Quantitative analyses of TSH,
fT3, fT4, and autoantibodies associated with autoimmune
thyroiditis (thyroid-peroxidase antibodies [TPO-Ab] and
TG-Ab) were performed by way of chemiluminescent mi-
croparticle immunoassays, using an Architect i2000 auto-
matic analyzer (Abbott Diagnostics, Abbott Park, IL). The
lower limits of detection, and intra- and interassay coeffi-
cients of variation were 0.0025 mU/L, 1.7% and 5.3% for TSH;
5.1 pmol/L, 3.6% and 7.8% for fT4; 1.53 pmol/L, 2.3% and
5.0% for fT3; 1.0 IU/mL, 2.5% and 9.8% for TPO-Ab; and
1.0 IU/mL, 2.7% and 8.2% for TG-Ab. The number of serum
samples analyzed was 5805 (61.2% of the whole cohort); only
samples of a sufficient volume ( ‡ 1 mL) were included in this
study. The excluded population did not differ significantly
from those included. The mean gestational age at sampling
was 11.0 week (standard deviation 3.6) and only samples
drawn before or at the 20th gestational week were accepted
(98% of the samples). When the sample size was not sufficient
for all analyses, thyroid hormone analyses were carried out
primarily.

All mothers with known thyroid disease (n = 86) before
pregnancy were excluded from the analyses. Diagnoses of
previous thyroid diseases were obtained via a questionnaire
and confirmed in hospital records. All mothers with thyroid
dysfunction during pregnancy, diagnosed by early pregnancy
serum sampling, were excluded from the analyses (n = 909).
Thus, only euthyroid mothers (those with serum TSH con-
centrations of 0.1–3.0 mU/L and serum fT4 concentrations of
11–22 pmol/L) were included in the analyses. These cut-off
levels are based on the reference intervals calculated previ-
ously for this population (29).

SMOKING AND THYROID IN PREGNANCY 945



Mothers were deemed to be positive for TPO-Ab or TG-Ab
if the antibody concentration was over the 95th percentile,
that is, > 167.7 IU/mL for TPO-Ab and > 47.7 IU/mL for TG-
Ab. There were 143 (3.0%) TPO-Ab-positive and 176 (3.6%)
TG-Ab-positive mothers in the cohort. All data were analyzed
with the antibody-positive mothers included and excluded.

Follow-up data of the mothers

Three register-based data sets were used in this study to
evaluate the health of the mothers after their index pregnancy,
the follow-up time being 23 years. First, data from the Social
Insurance Institute of Finland comprises information on di-
agnosed diseases, with medication and reimbursement of
medical expenses. Second, the national Finnish Hospital
Discharge Register includes information on diagnoses at
discharge from all hospital wards or outpatient clinics, using
the International Classification of Diseases (ICD). The register
has an accuracy of 83–95%.

During the follow-up period, three different ICD versions
were used: ICD-8 through December 31, 1986; ICD-9 from
January 1, 1987, through December 31, 1996; and ICD-10 from
January 1, 1997, onward. Third, the Population Register and
Register of Causes of Death contain information on causes of
death, covering all deaths in Finland. Data from these regis-
ters were obtained for the period 1985–2008. Data from the
national Hospital Discharge Register were complete from
2000 onward. The register-based data were combined with
the NFBC 1986 data by using individual social security
numbers, which are given to all Finns. This was carried out by
personnel uninvolved in this study, and the researchers had
no access to identifiable data concerning the participants.

Receiving reimbursement for medication to treat hypo-
thyroidism or having discharge diagnoses of hypothyroidism
(defined as ICD-8 codes 244.0–244.9 and 245, ICD-9 codes
244.9, 245.2, and 245.9, and ICD-10 codes E03.5, E03.80,
E03.82, E03.89, E03.9, and E06) was considered to be verifi-
cation of the disease.

Statistical analyses

Laboratory data were skewed and logarithmically trans-
formed. Comparisons were carried out by using the Students
t test for continuous variables and the Fisher’s exact test for
categorical variables. The linear regression analysis was used
when evaluating the effect of smoking on total variation of
variables. The one-way analysis of variance (ANOVA) with
the Dunnet’s post hoc test was used to evaluate the effect of
number of pack-years on TSH and thyroid hormones. The
number of pack-years was divided into six categories for
the analyses: 0, 0.1–1, 1.1–2, 2.1–5, 5.1–9.9, and 10 or more
pack-years. The risk of subsequent hypothyroidism among
smokers and nonsmokers was established by using Cox’s
regression analyses. Risks are presented as hazard ratios
(HRs) with 95% confidence intervals (95% CIs). The results
were further adjusted for maternal age and parity. A p-val-
ue < 0.05 was deemed significant. All statistical analyses were
performed with SPSS 18.0 (IBM SPSS Statistics).

Results

A total of 1335 (27.6%) euthyroid mothers (with/without
TPO-Ab or TG-Ab positivity) and 1270 (27.8%) euthyroid

antibody-negative mothers reported smoking before preg-
nancy. These mothers had a smoking history of a median of
3.5 pack-years (range 0.1–37.5). Of the smokers, 298 (8.3%)
quit before the serum sampling and total of 607 mothers
(12.5%) quit or reduced smoking during pregnancy.

Among the fathers, 1671 (34.5%) smoked. In 805 families,
both parents smoked, in 822 families, only the father smoked,
and in 428 families, only the mother smoked. Smoking
mothers were significantly younger, more often nulliparous
and had nonsignificantly lower BMI (Table 1).

Mothers who smoked before pregnancy had a lower
prevalence of TG-Ab positivity, as only 2.3% (n = 30/1332)
vs. 4.2% (n = 139/3303) of smokers versus nonsmokers
were positive for TG-Abs ( p = 0.001). Smokers and non-
smokers had a similar rate of TPO-Ab positivity (39/1331 vs.
95/3300, 2.9% vs. 2.9%, p = 0.923).

Euthyroid mothers who smoked before pregnancy had
higher serum fT3 and lower fT4 concentrations during early
pregnancy than nonsmokers. However, smoking before
pregnancy explained only 1.28% and 0.12% of total variation
in linear regression analyses regarding fT3 and fT4 concen-
trations, respectively.

We observed similar findings among those who smoked
before pregnancy, but managed to completely quit smoking
in early pregnancy (before serum sampling) when comparing
these women with nonsmokers. Interestingly, these mothers
also had higher TSH concentrations than those who had never
smoked. No differences were seen between the concentrations
of TSH or thyroid hormones when these mothers were com-
pared with those who continued smoking during pregnancy.

Of the mothers, 806 (18.7%) continued smoking during the
first trimester. Smoking in the first trimester was also associ-
ated with higher serum fT3 and lower serum fT4 concentra-
tions. Only 108 (2.5%) mothers continued to smoke in the
second trimester, and it was associated only with higher
serum fT3 levels, and no difference was observed in the con-
centrations of fT4 between smokers versus nonsmokers. Pa-
ternal smoking had no individual effect on maternal early
pregnancy thyroid hormone levels (Table 2).

All results remained similar when excluding those with
TPO-Ab and/or TG-Ab positivity from the analyses or when
excluding those who quit smoking before serum sampling
(data not shown).

We observed no differences in TSH concentrations between
the nonsmoking and smoking groups, even with a long-term
smoking history defined by number of pack-years. There
seemed to be a declining trend in fT4 concentrations with an

Table 1. Demographic Characteristics

of the Study Population

Prepregnancy
smokers Nonsmokers

n 1335 3305
Maternal age (years) 25.7G4.9 28.3G5.3a

Body–mass index (kg/m2) 22.0G3.5 22.2G3.4
Nulliparous 572 (42.9%) 1008 (30.5%)a

Gestational age of the
child at birth

39.4G1.9 39.4G1.7

All figures are meanGstandard deviation or n (%).
ap < 0.05 when comparing smokers with nonsmokers.
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extended smoking history (one-way ANOVA, test for linear
trend, p = 0.007) and an upward trend in fT3 concentrations
(ANOVA, test for linear trend, p < 0.001). These results are
summarized in Figure 1.

Smokers and nonsmokers had a similar prevalence of
subsequent hypothyroidism, 1.5% (n = 20) and 1.3% (n = 44),
respectively (HR 1.1, 95% CI 0.7–1.9).

Discussion

In the current study, we found that cigarette smoking in
early pregnancy influenced serum thyroid hormone concen-
trations and prevalence of thyroid autoantibodies. Smokers
had significantly lower fT4 and higher fT3 concentrations and
were less often TG-Ab-positive than nonsmokers in the first
trimester. Cessation of smoking during early pregnancy had
no influence on maternal TSH or thyroid hormone levels
compared with smokers.

Smoking has been thought to affect thyroid function via
several mechanisms. Thiocyanate, a toxin in cigarette smoke,
might interfere with iodide transport to the thyroid and cause
intrathyroidal iodine depletion, at least in areas with iodine
deficiency (30). This mechanism is also thought to have a
protective effect against the development of thyroid auto-
antibodies. Another contributing factor might be the overall
influence of smoking on the immune system as smoking has
been found to increase the risk of autoimmune diseases such

as rheumatoid arthritis and Graves’ disease (31). It has been
speculated that smoking, through the effects of nicotine or
other constituents, might have a mild effect on thyroid hor-
mone secretion and influence the activity of deiodinase en-
zymes, especially that of type 2 deiodinase (which converts T4
to T3 in the tissues) (32).

We found that pregnant women who had smoked before or
during pregnancy had higher serum fT3 and lower fT4 con-
centrations than nonsmokers. Studies in nonpregnant (3–6,14)
and pregnant populations (17) have shown previously that
smokers tend to have higher fT3 concentrations, which are in
accordance with our results. Previous studies in nonpregnant
populations have mostly shown higher fT4 levels among
smokers (5,6). The previous results of pregnant women have
been inconsistent, with some studies showing no association
with fT4 concentrations and smoking (17,20) and some
showing decreased fT4 concentrations among smokers
(18,19). These disparities may reflect variation in populations,
especially with iodine intake and exclusion criteria used in
different studies. Our results show that in a strictly euthyroid
pregnant population, smokers have higher fT3 and lower fT4
levels, suggesting that smoking may have an effect on the
type 2 deiodinase enzyme activity. These changes in thyroid
hormone concentrations are, however, very subtle and ex-
plain only a small proportion of total variation in the analyses.
The implications of such changes on an individual level re-
garding pregnant women cannot be resolved with this study,

Table 2. Comparison of Serum Thyrotropin and Thyroid Hormone Concentrations

Among Euthyroid Mothers (With or Without Thyroid Autoantibodies) of Different Smoking Status

Smoking status n TSH (mU/L) fT4 (pmol/L) fT3 (pmol/L)

Smoking before pregnancy
Smokers 1335 1.06 15.02 5.26
Nonsmokers 3305 1.03 15.17 5.05
p-Value NS 0.019 < 0.001

Smoking in the first trimester
Smokers 806 1.02 15.02 5.27
Nonsmokers 3511 1.02 15.24 5.07
p-Value NS 0.006 < 0.001

Smoking in the second trimester
Smokers 108 1.20 14.53 5.48
Nonsmokers 316 1.27 14.38 5.10
p-Value NS NS < 0.001

Quit smoking before serum sampling
Quit smoking 298 1.14 14.92 5.19
Nonsmokers 3288 1.03 15.18 5.05
p-Value 0.008 0.037 0.005

Quit smoking or continued smoking in early pregnancy
Quit smoking 298 1.14 14.93 5.19
Continued smoking 459 1.07 14.96 5.22
p-Value NS NS NS

Only husband smokes
Smokers 822 1.05 15.16 5.07
Nonsmokers 2131 1.02 15.17 5.04
p-Value NS NS NS

Both smoke
Smokers 805 1.06 15.00 5.21
Nonsmokers 3305 1.04 15.17 5.05
p-Value NS 0.012 < 0.001

Figures are geometric means. A p-value < 0.05 was deemed significant.
TSH, thyrotropin; fT3, free triiodothyronine; fT4, free thyroxine; NS, nonsignificant.

SMOKING AND THYROID IN PREGNANCY 947



but it has been established that normal maternal thyroid
function is essential during pregnancy (22). On a population
level, even these subtle changes inflicted by smoking may be
important, especially among populations with iodine defi-
ciency, which may be more prone to the effects of smoking
(33,34). Our population was based on Finnish euthyroid wo-
men, who are known to have long-term iodine sufficiency
(35), which might explain why the association was so subtle.

A new finding in this study was that an extended smoking
history had an effect on thyroid hormone levels in early
pregnancy, as those with more pack-years in their smoking
history had a declining trend in fT4 and an upward trend in
fT3 concentrations. One study has shown opposite results,
with the length of smoking having no effect on fT4 concen-
trations (33), but that study was not based on a pregnant or
euthyroid population, which might have skewed the results.
Based on our results, the length of smoking in pack-years
affects thyroid hormone metabolism in euthyroid pregnant
women adversely.

Smokers in nonpregnant populations have been found to
less often have elevated TSH levels (8,12,24) or have lower
TSH concentrations than nonsmokers (3–13). Similarly, some
studies based on pregnant populations have shown lower
TSH levels among smokers (17,20), while others have not
(18,19). We could not confirm an association between smok-
ing and TSH in our euthyroid pregnant population. The dis-
crepancy with other studies might be explained by including
only those who were strictly euthyroid into the analyses.

We also found that those who smoked before pregnancy
had a lower prevalence of TG-Abs, but no difference in levels
of TPO-Abs. Previously, it has been shown in population-
based studies that the prevalence of, both TPO-Ab and TG-Ab
positivity are lower in smokers than nonsmokers (8,12,15,36).
It has been suggested that smoking is associated with de-
creased iodide transport and organification, which protect
individuals against the development of thyroid auto-
antibodies (30). Cessation of smoking has also been found to
increase the risk of de novo occurrence of serum TPO-Abs and/
or TG-Abs (16). We cannot explain why smoking has a dif-
ferent effect on the prevalence of TG-Abs and TPO-Abs, but a
similar association has been observed previously in general
population studies (8,12,15).

The rates of subsequent hypothyroidism during the
follow-up time of 25 years did not differ among smokers and
nonsmokers despite alterations in thyroid hormone concen-
trations and the prevalence of TG-Ab positivity found during
early pregnancy. A meta-analysis suggested that smokers
may have an increased risk of Hashimoto’s thyroiditis and
postpartum thyroid dysfunction, but not a statistically sig-
nificant risk of hypothyroidism (23), a finding also found in
our study with a long follow-up.

In our study, smoking was evaluated through a question-
naire without serum cotinine confirmation. Studies have
shown a self-reported smoking habit being quite reliable
among pregnant women, but it underestimates the real
prevalence of smoking by 19–38%, depending on the defini-
tions used (37,38). However, self-reported information corre-
lates well with serum cotinine levels (39). Also, we had no data
on the prevalence of smoking habits during the follow-up after
delivery and could thus only evaluate the effect of cross-
sectional data on the risk of hypothyroidism. The strength of
this investigation is the large iodine-sufficient study population,

FIG. 1. Serum thyrotropin and thyroid hormone concen-
trations among women with different smoking histories
presented as pack-years.
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which allowed us to exclude from the analyses all mothers
with thyroid dysfunction [diagnosis established using gesta-
tional age-specific reference intervals (29)] during pregnancy.
In addition, large, reliable Finnish registries have enabled
follow-up of the cohort mothers and revealed diagnoses of
thyroid diseases over a period of 20 years.

In conclusion, maternal smoking during pregnancy was
associated with higher fT3 levels and lower fT4 levels in eu-
thyroid pregnant women. No differences were found in TSH
concentrations between smokers and nonsmokers. Pre-
viously, in general population studies, it has been suggested
that smoking might slightly stimulate thyroid function as
previous studies have mostly shown lower TSH with higher
fT4 and fT3 among smokers (3–13). Our results would rather
indicate changes in the thyroid hormone metabolism induced
by smoking. We also cannot resolve the possible implications
of these changes in thyroid hormones for the well-being of the
fetus. Lower fT4 concentrations among smokers might,
however, predispose to hypothyroxinemia during early
pregnancy.

Smoking had no effect on the risk of developing subsequent
clinical hypothyroidism during a follow-up of 20 years.
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