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INTRODUCTION

The prevalence of goitre and thyroid dysfunction in the population
may be influenced by a number of factors, and the aetiology of
goitre is still not known in detail. One factor has been offered much
attention in the past, namely iodine intake; and iodine intake un-
doubtedly takes a dominating position in the determination of the
occurrence of thyroid diseases, particularly goitre. This dominating
role of iodine intake in the determination of goitre prevalence may
have discouraged scientists from searching for further risk factors.
Thus, further research is needed for an understanding of the aetiol-
ogy of goitre with possible therapeutic advances to follow. However,
also potential prophylactic initiatives may not have been engaged.

Iodine deficiency as a risk factor for goitre has been known at least
since 1820 (14). The association between severe iodine deficiency
and endemic goitre is well established (15), but the impact of lesser
degrees of iodine deficiency and iodine excess is still under discus-
sion. Consequently, the optimal level of iodine intake has not been
established (16), though recommendations of iodine intake have
been published and give some clue to the optimal levels of iodine in-
take (15).

One reason why the optimal iodine intake has not been estab-
lished is that few studies were actually designed with this purpose.
Such studies should use precise and evaluated methods and proper
epidemiological designs intending to compare levels of iodine intake
in different populations with the occurrence of goitre and other
manifestations of iodine deficiency. Different ways of measuring
iodine intake and the lack of accuracy of these estimates of iodine
intake have given rise to misclassification. Further, no consensus
exists about the measurement of indicators of iodine deficiency.
Thus, even if thyroid volume determined with ultrasonography has
been the preferred indicator in the past decades, a lack of standardi-
sation has been an obstacle for precise comparisons. Schoolchildren
have often been the target group for epidemiological surveys (15). It
is very likely, however, that mild degrees of iodine deficiency do not
have manifestations in childhood but only after several decades of
exposure to iodine deficiency — e.g. multinodular goitre among the
elderly part of the population (V, 17). The time required for full im-
pact of changes in iodine intake of a population on thyroid volume
is not known. It is probably dependent on the group investigated
and the degree of iodine deficiency before the increase in iodine in-
take took place and on the magnitude of the increase. This cohort
effect may confound comparisons between different areas if iodine
intake has not been stable for generations.

Only few studies have used methods from analytical epidemiol-
ogy in the investigation of thyroid disease. Thus, only few studies
have searched for associations between life-style and thyroid disease,
and the proper analytical tools to identify the individual risk factors
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have not been applied. Goitrogens in water and food have been in-
vestigated (18), and the impact of smoking on the occurrence of
goitre and especially Graves disease with ophthalmopathy have been
described in a number of studies (19, 20). The importance for the
occurrence of thyroid disease of life-style compared to the impact of
iodine status of the population in general and to the impact genetic
factors has still not been established, even if some estimates have
been suggested. In twin studies, a higher concordance rate has been
found for monozygotic than for dizogotic twins for goitre as well as
autoimmune thyroid disease indicating a role of genetic background
in the pathogenesis (21-23). The relative importance of environ-
ment and genes in the pathogenesis of different thyroid diseases has
not been settled, and the probably very complex interactions be-
tween genes and environment also remain to be elucidated (23).

More than 1.5 billion people live in iodine-deficient areas (24),
and now %;of the population exposed to iodine deficiency have ac-
cess to iodized salt (25). Still, goitre has a high prevalence in many
countries also in Europe, illustrated by our report of previous goitre
operation for non-toxic goitre in 4-6% of 60-65 years old Danish
women (V). In Germany with mild to moderate iodine deficiency as
in Denmark, the annual costs of iodine-deficiency goitre treatment
was recently estimated to be 2.1 billion D-Mark (1 billion Euro)
(26). This could suggest annual costs of iodine-deficiency goitre
treatment of approximately 600 million DKK (80 million Euro) in
Denmark. Thus, the potential benefit from goitre prevention is con-
siderable for public health as well as health care costs.

AIM

The main aim was to describe the prevalence of thyroid disease in
Denmark. Special attention was paid to the regional differences in
order to evaluate the impact of differences in iodine intake in areas
with mild to moderate iodine deficiency on the prevalences of thy-
roid diseases, as the DanThyr cohort was also meant to be the first
part of the monitoring of an iodization program in Denmark. Vari-
ation in the prevalence of thyroid disease with age and sex and the
interplay with iodine status were to be part of the analyses.

Other aims were to analyse the impact of modifiable, life-style-re-
lated factors such as smoking, alcohol consumption, use of oral con-
traceptives and previous pregnancies on the occurrence of thyroid
disease. This was intended both to investigate the risk associated
with exposure to these potential risk factors and to ensure that ob-
served regional differences in the occurrence of thyroid disease were
not explained by different exposure to these risk factors. Again, in-
terplay between different factors and in particular the interplay with
iodine status was to be considered. Likewise, influence of non-mod-
ifiable risk factors such as family history and social status was inves-
tigated.

Going through the literature, a need for validation of methods
used in thyroid epidemiology was identified, as validation of the
most used principles for monitoring of iodine status in a population
was scarce. Thus, a further aim was validation of these methods.
Measurement of iodine excretion and of thyroid volume was evalu-
ated through precise descriptions of the methods and modifications
to ensure reproducibility and comparability from different studies.
This was not only for use in the present studies but also for the ap-
plicability in thyroid epidemiology in general. Testing of serum thy-
roglobulin as a useful marker of iodine deficiency in a population
was part of these validations.

METHODS

COHORTS

The data for the analyses in this thesis were obtained from four dif-
ferent cohorts: two population-based cross-sectional cohorts for the
investigation of determinants of thyroid disease, and two smaller co-
horts for the evaluation of methodology used for estimating iodine
excretion in urine and estimating thyroid volume using ultrasono-

graphy.
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DanThyr

The Danish Investigation of Iodine Intake and Thyroid Diseases
(DanThyr) was initiated to assess the occurrence of thyroid disease
in Denmark before an intended iodization programme and subse-
quently to monitor the consequences of the iodization programme.
It was established in co-operation between the departments of en-
docrinology at Bispebjerg Hospital and Aalborg Hospital, The Dan-
ish Food Administration, and Centre for Preventive Medicine at
Glostrup Hospital. The first cohort in the DanThyr investigation
was generated with the specific purpose of obtaining information
on the prevalence of thyroid diseases in two parts of Denmark. It
was designed as a cross-sectional, comparative study in order to fo-
cus on regional differences in the occurrence of thyroid diseases in
Denmark in two regions with a difference in iodine intake (27). Due
to the difficulties with individual estimation of iodine intake and the
yearlong exposure with possible changes in iodine intake over time,
this design with characterisation of iodine status in large groups is
the preferred design when investigating associations between iodine
intake and thyroid disease.

Two regions were chosen for the investigation. Representing the
eastern part of Denmark with a lesser degree of iodine deficiency,
the northern part of the municipality of Copenhagen was chosen.
Representing the more severe iodine deficiency in the western part
of Denmark, the central part of Aalborg was chosen. Thus, in both
regions urban areas were investigated. With a relatively uniform
iodine excretion in the western part of Denmark, Aalborg is prob-
ably representative for this part of Denmark (28). In the eastern part
of Denmark, larger variations in iodine excretion has been found,
but still within the limits of mild iodine deficiency (28). Thus, the
Copenhagen part of the cohort is representative for the major part
of eastern Denmark, but small variations in iodine status should be
considered.

Five groups were chosen for the investigation; women aged 18-22,
25-30, 40-45 and 60-65 years and men aged 60-65 years. The age
groups were chosen to represent women before childbearing age, in
childbearing age, after childbearing age, and postmenopausal
women. An over-representation of women was chosen to increase
the statistical power of the study owing to the higher prevalence of
thyroid diseases in women. One group of men aged 60-65 years was
included for comparisons between the genders.

The sample was drawn from the Civil Registration System that
generated complete lists of subjects within the age groups in the two
areas. The samples were restricted to subjects born in Denmark.
This was done to avoid participants who had grown up under differ-
ent and possibly unknown iodine exposure. Further it reduced the
number of participants not able to participate for linguistic reasons.
The subjects in these lists were assigned random numbers within
each group by a computer programme and they were invited to par-
ticipate in the order of the random numbers.

The number of participants required to detect a regional differ-
ence in thyroid volume of 1 ml between each group was 416; the SD
was estimated to 4 ml and o and [3 were both set to 5%. This
number would also allow the detection of a 4% difference in the
prevalence of palpable goitre overall if the prevalence was 10% in the
“control” area. Thus, as these were the primary endpoints, the aim
was to reach 500 participants in each group. The numbers invited in
each group were adjusted throughout the study to ensure that the
number of participants was the same in all groups irrespective of
different rates of participation.

The investigation was conducted in 1997 and 1998. The overall
participation rate turned out to be 50.1%, as 4, 649 participated out
of 9, 274 invited (Table 1). With this participation rate it was essen-
tial to ensure the external validity of the study. A short questionnaire
was sent to the non-participants, and another 27% of the original
cohort completed this questionnaire. From this short questionnaire,
a higher occurrence of previously diagnosed thyroid disease was re-
ported among participants than among respondents to the short
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Table 1. Participation rates in the two regions in Denmark in the first
DanThyr cohort.

Copenhagen Aalborg Total

5209

2429 (46,6%)
1406 (27,0%)
1372 (26,3%)

4065

2220 (54,6%)

1079 (26,5%)
768 (18,9%)

9274

4649 (50,1%)
2485 (26,8%)
2139 (23,1%)

Invited ...............
Full participation ......
Short questionnaire . . ..
No response ..........

The participation rate differs significantly between the two regions (p<0.001; Pearson
chi-square).

Table 2. Odds ratios for previous goitre operation, goitre diagnosis or
thyroid dysfunction registered in the Danish National Patient Register for
subjects from the DanThyr study. Participants in the full examination are
reference group. Odds ratios are given with 95% confidence interval.

Respondents
to short Non-
Participants questionnaire respondents

0.30 (0.15-0.59)
0.37 (0.18-0.76)

0.35(0.18-0.67)
0.53 (0.27-1.03)

1 (reference)
1 (reference)

Goitre operation . ...

Goitre diagnosis .. ...

Thyroid dysfunction
diagnosis ......... 0.41 (0.22-0.78)

1 (reference) 0.67 (0.39-1.17)

questionnaire (odds ratio 1.9; confidence interval 1.5-2.5), suggest-
ing an over-estimation of the prevalence of known goitre in the
population from the participants. The degree of bias was similar in
the two regions, and thus comparisons between the regions were
unbiased. No selection bias was identified regarding previous
thyroid dysfunction.

Records of previous goitre operations and goitre diagnoses were
obtained from the National Patient Register. From these records, a
higher incidence of goitre operations was reported amongst partici-
pants than amongst non-participants, whereas the group with no
response to the short questionnaire exhibited an intermediate inci-
dence between the participants and the respondents to the short
questionnaire (Table 2). Again, no difference was found between the
regions.

In conclusion, the occurrence of previously diagnosed goitre
could be overestimated when based on the reports of the part-
icipants only. Comparisons between the regions should not be bi-
ased by selection. The selection of subjects is an important factor to
consider when making correlation studies, in particular if subjects
with awareness of thyroid disease are included. On the other hand,
prevalences of goitre, and especially enlargement of the thyroid as
indicator of goitre, were probably not biased to any major extent, as
very few subjects were aware of these conditions beforehand.
Nonresponder data have previously been presented in greater detail
(29).

It should be noted that the study was designed as a comparative
study, and the intention was not to allow correlation studies. This
would be questionable due to the distribution on age and sex, which
is not representative for the population. We would probably under-
estimate the prevalence from our cohort compared to the general
population as we have relatively few participants from the elderly
part of the population. Before comparing data with other studies,
these reservations should be considered. From our parallel register-
based study, we have precise data on the incidence of thyroid dys-
function — but not goitre — in the general population (30).

The MONICA10 cohort
The MONICALIO investigation represents follow-up on a cohort
(MONICA-1) that was generated in 1982 with the aim of monitor-
ing risk factors for cardiovascular events. At the 10-year follow-up in
1993 and 1994, all subjects from the initial investigation were invited
including non-participants, and at this time, ultrasonography of the
thyroid, biochemical markers of thyroid function, and questions re-
garding previous thyroid disease were included in the Glostrup part
of MONICA.

The participants represented both sexes and four age groups: 41,
51, 61 and 71 years, and 2656 subjects participated (65% of the in-
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vited) (I, III). As thyroid disease was not the major topic of the in-
vestigation, the specific selection regarding thyroid disease was ex-
pected to be small. In telephone questionnaires with non-partici-
pants, answered by 11% of the cohort, the prevalence of self-
reported thyroid disease was similar to prevalences from the partici-
pants (1). The prevalence of smoking was higher among non-partic-
ipants that among participants; the exact influence of this selection
on prevalences of thyroid disease was not evaluated further.

The urinary iodine excretion evaluation study

Urine samples were collected by 31 subjects, who collected a total of
123 24-hour urine samples and corresponding spot urine samples.
The study group consisted of hospital staff and relatives; 24 men and
7 women aged 27 to 71 years. The cohort was originally initiated to
investigate variations in iodine excretion over time and with differ-
ent levels of iodine supplementation, but data collection was ex-
panded with the purpose of validating different measures of iodine
excretion.

The ultrasonography evaluation study

The ultrasonography evaluation study consisted of two parts. For
the inter-observer variation study, 25 consecutive participants from
the “DanThyr” study were included for blinded duplicate evalu-
ations. For the precision study, 35 consecutive deceased patients re-
ferred to the department of pathology at Bispebjerg Hospital for
autopsy were evaluated for the study. Seven of these patients were
excluded, two owing to extreme obesity, two owing to recent surgery
or radiation to the neck region, and three owing to poor echo condi-
tions on the neck.

QUESTIONNAIRES

The questions in the questionnaires for the two population-based
studies were generally adapted from the questionnaires used in the
“Glostrup Population Studies” and the MONICA studies.

Four new questions were constructed concerning thyroid disease:
“Has a doctor ever told you that you had hyperthyroidism/hypothy-
roidism/goitre/thyroid nodule(s)?” These questions were evaluated
in “DanThyr”, where the results from the questionnaires were com-
pared to results from a subsequent interview with an M.D., and in
some cases also tracing of medical records (V, VI). The prevalence of
previous thyroid dysfunction was overestimated by self-reporting,
whereas regarding goitre prevalence, misclassification was common
but the estimate was unbiased.

Questions regarding life-style and socio-economic factors were
standard questions in MONICA10, and they were adapted to “Dan-
Thyr” with minor changes, for instance regarding physical activity,
where illogical categorisation was corrected. Smoking questions
have previously been discussed in detail (29), and they have been
validated by the developers in the MONICA group (31, 32). Besides
questions concerning previous thyroid disease, also medications and
dietary supplements were recorded at a personal interview. Further,
the reported information on the life-style factors were confirmed
and in most cases explored further at the interview.

STATISTICS
All data processing was performed by the author with SPSS statis-
tical software version 7.5, 8.0, 8.0.2 or 10.0.

Method comparison studies

Two parts of the study involved comparison of measurement by dif-
ferent observers (II) or of different principles of measurement (IV).
For these comparisons, data were evaluated in difference-versus-
mean plots (not shown) as suggested by Bland and Altman (33). No
obvious influence of the mean of the measurements was found on
the differences between the measurements. Thus, the agreement of
the methods or between observers was described with a correlation
coefficient and with either median of the two methods or a regres-
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sion coefficient to evaluate and quantify a possible bias between the
two observers or methods.

Descriptives

The estimates of prevalence were given in tables as crude values
without adjustment for possible confounding or explanatory factors
to allow comparisons with other studies. It was also tested for the
DanThyr data, however, in multivariate models that regional differ-
ences were not due to confounding caused by different prevalences
of life-style-related risk factors in the two regions. Statistical evalu-
ation was done with non-parametric tests for values of serum TSH,
TPO antibodies, urinary iodine concentrations and thyroid volume,
as they were not normally distributed, whereas thyroid hormone
levels were evaluated by t-tests and ANOVA.

Risk factor analyses

Multivariate statistics

There is little tradition in thyroid research for the use of multivariate
statistics. However, when analysing data from epidemiological
studies, this is the standard method today. As the risk factors may be
unevenly distributed within the study population on for instance
age and gender, and as also the occurrence of thyroid disease has a
clear association with age and gender, possible confounding has to
be considered.

Confounding is an interplay between the endpoint (dependent
variable) as for instance thyroid volume and two potential risk fac-
tors (independent variables) as for instance gender and tobacco
smoking. A precondition for confounding is that the confounder is
associated with both the endpoint and the other risk factor. This
could be true in an example where thyroid volume could be higher
in men than in women and smoking more prevalent among men
than among women. Thus, high thyroid volumes among smokers
could in fact be because smokers are more often men and not an ef-
fect of smoking per se. This is adjusted for in multivariate analyses.

In multivariate analyses, adjustment is made from the impact of
all other independent variables in the statistical model. In the ex-
ample above, an adjustment would be made in a linear model with —
in principal — adding the sex difference in thyroid volume to the thy-
roid volume of all women for the analysis of the impact of smoking
on thyroid volume. Thus, gender would no longer confound the
analysis of thyroid volume and smoking. Such adjustment can be
made for a large number of other risk factors if the number of cases
is large (>10-20 times the number of factors in the model).

The same principle applies for endpoints that are dichotomous
variables. Then logistic regression analysis is used where the natural
logarithm of odds ratios between for instance exposed and non-ex-
posed individuals is computed from a mathematically more compli-
cated procedure through maximal likelihood approximation. The
principle with adjustment for possible confounding from other risk
factors is similar to linear models, however.

Before adjusting for confounding, a test for statistical interaction
(effect modification) should be done. This is done by including the
product of two factors in a multivariate model along with the main
effect of the two factors. Interaction is present if the risk attributable
to one risk factor is different dependent on the exposure to another
factor in the model. In the example from before this could be that
smoking increases thyroid volume among women but not among
men. This can be handled by making new variables with all combi-
nations of the two factors or by inclusion of the product of the two
factors in the model, but simple adjustment for confounding would
not make sense in that case.

End-points

Different end-points were considered in the risk factor analyses. Se-
rum thyroglobulin was included as a sensitive but unspecific marker
of thyroid abnormalities (VII). Thyroid volume was considered as a
continuous variable and as a dichotomous variable — thyroid en-
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largement or not. Thyroid volume was evaluated as a continuous
variable to detect variation also within the normal range and to in-
crease the statistical power of the analyses. The dichotomous classi-
fication was based on reference values suggested by Gutekunst et al.
(34) as mean + 3SD in iodine sufficient populations; thyroid en-
largement was accordingly defined as a thyroid volume exceeding 18
ml for women and 25 ml for men.

Goitre at the clinical evaluation was categorised according to
WHO criteria (15). For most purposes, only goitre grade 1b was in-
cluded as end-point owing to the low number of participants with
goitre grade 2 or 3 and owing to the uncertainty of the precision and
relevance of palpable, but invisible goitres (grade 1a).

Thyroid structure was classified as normal, uninodular or multi-
nodular on the basis of the ultrasonographies. Though nodules were
registered at diameters =5 mm for follow-up studies, only nodules
at diameters 210mm were included in the present analyses in order
to reduce misclassification and to obtain a higher clinical relevance
of the registered thyroid abnormalities. Thus, a single nodule 210
mm in diameter as well as multiple (>1) nodules with at least one
nodule 210 mm were used as end-points. This separation of single
and multiple nodules was done, as single and multiple nodules
could represent different disease entities as discussed later.

Serum TSH as a continuous variable was evaluated for all risk fac-
tors, whereas thyroid dysfunction was only evaluated for iodine sta-
tus and smoking, where important impacts could be anticipated.
For other risk factors they were not considered owing to the limited
number of participants with current, overt thyroid dysfunction.
Further, we had the possibility of evaluating these associations in a
parallel case-control study involving a large number of newly diag-
nosed cases of thyroid dysfunction (not yet published). The level of
TPO antibodies was included as end-point in the analyses from the
MONICA10-cohort, where it was also documented that the true
cut-off value between “normal” and elevated levels of TPO anti-
bodies was 200 kU/1 with this generation of TPO antibody assays (1),
as only levels of TPO antibodies above 200 kU/l were associated with
other indications of thyroid disease.

Statistical modelling

Data were analysed in linear models and logistic regression analyses.
In the linear models, the dependent variables were transformed by
natural logarithms, as all these variables were skewed towards higher
values but were normally distributed after transformation.

As age, sex and region of inhabitancy (reflecting iodine status)
were potential confounders of all independent variables, these vari-
ables were included in all models. The most appropriate description
of each risk factor was considered in these simple models, and vari-
ables with a significant association to the end-point or with an ob-
vious trend were further evaluated.

The options considered in the description of risk factors were
possible categorisation, number of categories and cut-points be-
tween categories. Data gathered as a continuous variable were evalu-
ated in the statistical models as a continuous variable with a check
for linearity but also as categorised variables. Further, the most ap-
propriate categorisation was evaluated. This was also the case for
data sampled as categorical variables, where combination of cat-
egories was evaluated. This was evaluated not only from mathemat-
ical considerations, but also from clinical practise and relevance.
Thus, smoking for instance showed linearity with thyroid volume
as a continuous variable, but was used in four categories for a com-
prehensive view and due to traditions in the field of smoking related
diseases.

The potential risk factors were evaluated in multivariate models,
and insignificant factors were removed manually from the models as
described below. The categorisation was not always the same with a
factor as the explanatory variable as when the factor was included as
a potential confounder. Smoking was used as a variable with four
parameters when smoking was investigated as the explanatory vari-
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able, but was used uncategorized in the same four groups (as a con-
tinuous variable with four possible values) when included as con-
founder to reduce the number of parameters in the model. Likewise,
alcohol consumption was used with four parameters as explanatory
variable and with two parameters as confounder. The appropriate-
ness of this simplification was tested through the increase in devi-
ance, which was minor in both cases.

Interactions

Statistical interaction (effect modification) was generally considered
between the explanatory variable and all other independent vari-
ables in the final multivariate models. The identified significant in-
teractions were then quantified either by doing the analysis without
inclusion of the main effect of one of the variables in the interaction
term, or by generating new variables with all combinations of the
interacting variables. In the papers, results were in some cases pre-
sented without the interaction terms, stating that the estimates rep-
resent average of effects from different groups. This was done in or-
der not to extend the data material and only where effects were not
counteracting, but showing the same tendency.

Only first-order interactions were analysed, as it was out of the
scope of these papers in general endocrinological papers to interpret
more advanced interaction models, and as the relevance of such sec-
ond order interactions for the interpretation of data is doubtful.

Control for confounding in the DanThyr study

The overall strategy was identification of possible confounders for
the different risk factors before publication of any data from the
DanThyr studies. A presentation of data with identified associations
that would later have to be corrected should obviously be avoided.
Thus, before doing risk factor analyses in detail including analyses of
regional differences, potential risk factors were analysed in broad
outline in order to establish a provisional, comprehensive, multivar-
iate model.

From this initial model, a number of risk factors could be ex-
cluded as confounders generally or in specific contexts. Excluded at
this early stage was marital status, strain of problems and time in
menstrual cycle, as these factors had no association with the end-
points, though time in menstrual cycle have previously been found
associated with thyroid volume (35). Other factors showed associ-
ations with one or more endpoints in simple statistical models, but
not in multivariate models and were also excluded as confounders.
These included occupational status, housing conditions, self-
assessed health and physical condition. Another group of factors
showed significant associations to some endpoints in multivariate
models, but could be removed without any influence on other pa-
rameter estimates. These were season, time of the day (except TSH
analyses), family history and physical activity levels. Also height,
weight and Body Surface Area showed significant associations with
thyroid volume, but could be removed without influence on the es-
timates for the other factors in the model.

The second stage was to analyse the risk factors for which the hy-
pothesis was a possible association with thyroid volume or thyroid
function. Test for effect modification was performed, and the spe-
cific confounder control for each factor was estimated and the
best categorization of the factor of interest evaluated. At this stage
the final model for the factor was constructed and data published.
An overview of the confounder control in each paper is given in
Table 3.

The control for these factors was not reported consequently in all
papers. The factors that turned out to be confounders and were in-
cluded in the final models for adjustment were reported in all pa-
pers. Also factors with obvious potential confounding such as to-
bacco smoking as confounder for the thyroid — alcohol association
were reported. However, mentioning the remaining factors in the
analyses tended to make reviewers demand full presentation of all
factors. Such data were often not analysed in sufficient detail for
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Table 3. Confounder control in the six papers from the DanThyr studies investigating other risk factors than iodine deficiency. Only factors that were con-

sidered potential confounders in the first, provisional model are included.

Confounder
Oral lodine lodine
Paper Risk factor Age, sex Region Alcohol Smoking Contrac. Parity Education suppl. excretion
Vil Alcohol Conf. Conf. X Conf. N.C. N.C. N.C.* N.C.* N.C.
IX Smoking Conf. E.M. N.C. X N.C.* N.C.* N.C.* E.M. N.C.
X ocC Conf. Conf. N.C. N.C. X N.C. N.C. N.C. N.C.*
Xl Parity E.M. E.M. N.C. N.C. Conf. X N.C.* N.C. N.C.*
X Smoking Conf. E.M.? N.C. X N.C.* N.C.* N.C.* N.C.* N.C.
Xl Education E.M. Conf. Inter Inter N.C. N.C.* X Inter Inter

Conf.: Confounding was found and adjustment was made; E.M.: Effect modification; Inter: Possible intermediate factor; N.C.: No confounding found at test; *: Not reported in ori-

ginal paper.

presentation at this stage, and further, the proper space for descrip-
tion and discussion of data were not at disposal. Thus, a brief pre-
sentation of these factors as confounders would hamper later pre-
sentation in detail, and correct presentation and discussion of data
might not be possible. In certain cases, some confounders were re-
ported at the specific request of the reviewers. In the initial paper
from the cohort (V), descriptive statistics were used in the presenta-
tion, as observed values were supposed to be easier to interpret than
results of multivariate analyses. It was tested in multivariate models
before presentation, however, that the regional differences were not
confounded in any larger extent by the other risk factors.

Finally, the complete models could be constructed after all the de-
tailed analyses as presented in a later chapter.

Causality

In most cases it is essential to establish whether an identified associ-
ation is causal. The concept of causality can be discussed from a
philosophical angle, but for the practical work with data, the ques-
tion is often: is the exposure to a risk factor increasing the risk of dis-
ease, not vice versa or merely as co-incidental occurrence of the dis-
ease and risk factor or due to insufficient control for confounding.

Generally, randomisation to exposure to a risk factor (or removal
of an exposure) would be considered a gold standard, but this is
often not practicable for logistic or ethical reasons. In stead the
causality must be evaluated on the basis of the design and results
available. For an estimation of causality in epidemiological studies,
the Hill criteria (originally: guidelines) (36) have been well accepted
by most epidemiologists. However, the applicability of these criteria
has been discussed the recent years, and the use of some of the cri-
teria has been toned down (37, 38).

Consistency from different studies is often regarded an important
criteria of causality. This is almost always discussed in papers, and
from the DanThyr analyses, this is discussed in detail for each re-
ported risk factor. Also the strength of the association is regarded as
a marker of causality. This is in itself not logical as weak associations
can be causal, but strong associations are less likely to be explained
by yet undiscovered confounding factors. The association between
goitre and use of oral contraceptives from the DanThyr analyses is
being discussed with this criterion among others.

Ideally, it should be documented that exposure precedes disease,
but temporality is often not possible to estimate in a cross-sectional
study. This is also the case for our analyses, but temporality may be
elucidated in a planned follow-up of the cohorts.

A dose-response relationship (biological gradient) is also re-
garded as an indicator of causality. This was found in our analyses
for tobacco, alcohol and education, but not for parity. For dichoto-
mous factors this could not be evaluated. Dose-response has also
been shown for different measures of iodine intake in the associ-
ation with thyroid disease in DanThyr (39). A special issue not nor-
mally included in the criteria is reversibility. It could be argued that
reversibility as found in our analyses for tobacco smoking and use of
OC gives some indication of temporality and causality.

Finally the criteria concerning the biological plausibility and ex-
perimental support for the association should be discussed. An as-
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sociation discovered by chance when exploring data and not as re-
sult of a hypothesis generated before collecting data should be con-
sidered with particular reservation. This was to some extent true for
the thyroid-alcohol association in DanThyr, though a mechanism
has previously been suggested (40). Regarding the association be-
tween goitre and use of OC, the association was directed oppositely
from the original hypothesis. This was however, reviewing the ex-
perimental evidence, not as meaningless as initially thought as dis-
cussed in the paper and in a later section of this thesis. For tobacco
smoking and parity, the identified interactions together with experi-
mental studies strongly supported a causal relationship. It should be
noted that apparently plausible explanations for an association is al-
ways easily provided, and consequently the evidence should be re-
viewed carefully.

Other coherences may support causality in a specific context. In
the DanThyr analyses, the effect modification between smoking or
parity and iodine status together with the supposed pathogenesis
and previous epidemiological findings was a further support for
causality, though this was in fact a specific lack of consistency. In the
alcohol analysis, the independent association with thyroid enlarge-
ment and nodules for different types of alcohol consumed was also a
further support of causality as lifestyle was a less likely confounder.

Thus, these criteria may be useful in discussion of possible causal-
ity in order to reduce “wishful thinking”, but objectivity is hardly
reached, and discussions must also consider the specific context.

Epidemiological concepts

The population attributable fraction (PAF) describes the proportion
of cases that could have been prevented if the population had not
been exposed to a certain risk factor. This is dependent on the rela-
tive risk (RR) for the exposed individuals compared to the non-ex-
posed individuals and on and the frequency of the exposure in the
population. As a causal association between the disease and the risk
factor is a pre-requisite for a meaningful estimation of the popula-
tion attributable fraction, a discussion of the likelihood of such cau-
sality should preceed the calculations.

The PAF was computed according to the following formula: PAF
=[p (RR-1)]/[p (RR-1) + 1], where p is the fraction of exposed indi-
viduals in the cohort (41). We used odds ratios (OR) instead of RR
in order to have estimates from multivariate models adjusted for po-
tential confounding from other risk factors. This is an approxima-
tion, but with the odds ratios relatively close to one or a low preva-
lence of the disease, the difference between RR and OR is minor.

The preventive fraction (PF) describes the fraction of cases pre-
vented compared to a hypothetical population where no individuals
were exposed to the preventive factor. This was computed as PF=
p (1-RR), where p represents the fraction exposed to the preventive
factor, and RR again was replaced by OR. This formula was based on
theoretical considerations by Miettinen (42).

METHODS IN THYROID EPIDEMIOLOGY

IODINE STATUS

Iodine deficiency is the most important risk factor for goitre, and
the characterisation of iodine status of a population has a central
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role in thyroid epidemiology. The preferred way of estimating
iodine status in epidemiological surveys is still under debate, and no
gold standard exists. Different principles may be applicable depend-
ent on the type of study and aim of the analyses.

Generally iodine status is characterised from iodine excretion in
urine. This is plausible, as approximately 90% of ingested iodine is
excreted in the urine, whereas the remaining 10% is excreted with
faeces, however with large inter-individual differences (43).

lodine intake

A straightforward approach to investigate iodine intake would be di-
etary records with calculation of iodine intake. This is hampered by
variation in — and insufficient information about — iodine contents
in the elements in the food. Further, due to large iodine contents in
some foods not eaten regularly as for instance fish, long periods of
registration is warranted for precise estimates at an individual level.
The latter objection is overcome through food frequency question-
naires, asking for an average consumption of selected foodstuff over
a longer period (44). Still, knowledge of the precise iodine content
of the foodstuff is a prerequisite and recall bias may be introduced.
Another approach is through duplicate portions, where participants
store a duplicate of all ingested food for later analysis. This is, how-
ever, troublesome for participants and analytically if used over sev-
eral days, and the procedure may affect the choice of food. And as
with most of the principles of registration of food intake, it only
provides an up-to-the-minute account. Registration of iodine intake
is used rarely in thyroid epidemiology.

lodine excretion

Measurement of urinary iodine excretion is the preferred method
for estimation of iodine status. The most precise estimate of iodine
excretion is obtained from collection of 24-hour urine samples. Ow-
ing to the large day-to-day variation in iodine excretion (45), a series
of iodine collections is needed for a precise estimate of iodine status,
and since even collection of a single 24-hour urine sample is
troublesome in epidemiological surveys, other procedures may be
justified even if precision is lower. With low compliance and the risk
of incomplete sampling, the results from 24-hour samples may not
be valid anyhow.

Iodine concentration in spot urine samples has been used as an
estimate of iodine excretion at the population level, and WHO clas-
sification of possible iodine deficiency is based on urinary iodine
concentration values (15). The large variations in 24-hour urine
volume and thereby dilution of the urine prohibits any individual
estimate of iodine excretion from iodine concentration in spot urine
samples, but in large groups, a median iodine concentration pro-
vides an estimate of iodine status (46). As mean 24-hour urine vol-
ume in a population is generally larger than 1000 ml (IV, 45, 47),
iodine concentrations should not be compared to 24-hour iodine
excretions. Differences in the dilution of the urine samples may also

Table 4. Expected 24-
hour creatinine excre-

Creatinine (g/day)

confound comparisons of median iodine concentrations, as 24-hour
urine volumes may differ between populations or subgroups in a
population (48, 49).

As creatinine is excreted with a fairly constant rate through the
day independent of urinary volume (45), and also day-to-day vari-
ation is small compared to variations in iodine excretion (50-53),
creatinine concentration has been used to adjust the iodine concen-
trations in spot urine samples: the iodine/creatinine ratio. With this
estimate, misclassification caused by differences in the dilution of
the urine is diminished, and the iodine/creatinine ratio is closer cor-
related to 24-hour iodine excretion than iodine concentration (4).
Values are still not comparable to 24-hour iodine excretion (IV), as
creatinine excretion is in average more than 1 g/day (43, 50, 51, 53-
55), and 1 g creatinine is used for the denominator of the expres-
sion. An objection to the iodine/creatinine ratio has been variations
in creatinine excretion between populations of different ethnicity
(56), but in industrialised societies creatinine excretion does not
vary much (43, 50, 51, 53-55). However, creatinine excretion is not
constant between different age- and sex groups (53), and bias may
be introduced if the age- and sex distribution of the cohorts differ,
and no stratification or individualisation is feasible.

Improvement of the iodine/creatinine ratio has been suggested by
taking into account the sex difference in creatinine excretion (43, 55,
57). We elaborated on this principle by introducing correction fac-
tors adjusting also for the age-related decline in creatinine excretion.
An age- and sex adjusted iodine/creatinine ratio was computed as:
Iodine (Mg/l)/[creatinine (g/l)/expected creatinine excretion
(g/day)]. The expected creatinine excretion was adapted from a
large Belgian population study (53), Table 4.

In our comparison to 24-hour urine samples of the three esti-
mates of iodine excretion based on spot urine samples, the adjusted
iodine/creatinine ratio was superior, but it did still not provide esti-
mates identical to 24-hour samples (IV) (Table 5). The correlation
coefficients should be interpreted with reservation, as the samples
were not independent but collected from a limited number of par-
ticipants in periods with different iodine intake. This could explain
the relatively high correlation between 24-hour iodine excretion and
the unadjusted iodine/creatinine ratio. The high correlation be-
tween the adjusted iodine/creatinine ratio and 24-hour iodine ex-
cretion but tendency to underestimation of iodine excretion was
also found in two other studies (44, 45). The tendency towards
underestimation was probably conditioned by diurnal variations, as
the ratio was lowest in the morning (45), where spot urine samples
are most often collected. On the other hand, other studies have
shown a minor diurnal variation in iodine excretion (45, 47, 58, 59).
The substantial differences between 24-hour iodine excretion and
the unadjusted iodine/creatinine ratio or iodine concentration
underline that these estimates apart from possible differences in the
distribution in the population also have considerable bias. This was
expected but is often overlooked in epidemiological surveys, thus
confusing iodine intake with these estimates.

In a survey from the DanThyr study it was shown that the adjusted
urinary iodine/creatinine ratio had a close association with various

tion values in differ- Age (years) Males Females  estimates of thyroid diseases with an expected association with io-
ent age and sex 2549 174 123 dine deficiency (39). On the other hand, only a weak association was
groups. 50-59 ... 163 115 found between urinary iodine concentration and thyroid disease.
60-69 ............ 1,47 1,07
70- ... 1,39 1,00 Conclusion
Table from (IV), original data from (53). Iodine status is generally evaluated from casual urine samples in epi-
Table 5. Four ways of expressing iod- 5th 25th median 75th 95th N
ine excretion in epidemiological sur-
veys. Percentiles and comparison be- 24-hour iodine excretion (ug/day) ........ 75 112 143 185 297
tween 24-hour urine values and three Adjusted iodine/Cr ratio (ug/day) . ........ 58 92 126 161 319 0.62
estimates based on corresponding cas- lodine / gram creatinine (ug/g) .......... 41 55 77 105 198 0.61
ual urine samples (n = 112). lodine concentration (ug/l) .............. 39 68 87 133 290 0.37

r = regression coefficient compared to 24-hour iodine excretion. Data from (IV).
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demiological surveys. Iodine concentration has the advantage of
being simple and widely used in the past, and WHO recommenda-
tions are based on this estimate. An age- and sex adjusted io-
dine/creatinine ratio provides a better estimate of 24-hour iodine
excretion, and it allows for stratification and comparisons at the in-
dividual level for instance in regression models. Still, large day-to-
day variations are not accounted for.

THYROID ULTRASONOGRAPHY
The most obvious consequence of iodine deficiency is increased vol-
ume of the thyroid gland eventually leading to a visible and enlarged
thyroid gland — goitre. The primary endpoint in most epidemiologi-
cal surveys of iodine deficiency disorders has therefore been the me-
dian thyroid volume or the prevalence of goitre. The principles of
estimating a possible increase in thyroid volume have not been
settled, though thyroid volume measurement by ultrasonography
has gained widespread use. Procedures for the most common
method for volume measurement with thyroid ultrasonography
have only been described briefly (60) until our recent paper (II).
Some authors still advocate clinical examination of the thyroid, as
moderate to good agreement between trained observers has been
found and the investigation is easy to perform (61-63). But the ac-
curacy of palpation has been found low when compared to ultra-
sonography (64-67), the sensitivity of palpation is modest (63, 68),
and nodules are often overlooked (64, 66, 69). Consequently, palpa-
tion may be sufficient in areas with severe endemic goitre, but may
not be able to discriminate the changes found in the thyroid gland
in less pronounced degrees of iodine deficiency, unless very large co-
horts are investigated.

Thyroid volume

Thyroid volume measurement by ultrasonography has been used
since the 1960’ies as summarised by Brown (70). Two quite different
methods have been applied; a method based on planimetri of con-
secutive transverse scans, and a method based on the length of the
three axes of each lobe. The planimetric method was thoroughly de-
scribed in a paper by Rasmussen and Hjort (71) and was later fur-
ther evaluated (72-74). It has only been used to limited extend as
specialised equipment is demanded. The principle based on the
three axes of each lobe was described in a paper by Brunn (60), and
has been used in many surveys, although sometimes with modifica-
tions. Three-dimensional ultrasonography has been evaluated and
was found superior to the three-axes method (75), but their results
with three-dimensional ultrasonography was apparently not better
than what had been obtained in other studies with the three-axes
method (II). Also planimetri in three perpendicular planes has been
described (76), but the results have not been reproduced by other
groups and the method is complicated to perform (II).

The description of the three-axes method was published before
high-resolution grey-scale images were available, and few details on
the measuring procedure were included. The need for precise meas-
uring procedures has increased with modern high resolution grey-
scale images, where presentation of thyroid anatomy and demarca-
tion from adjacent tissue has been improved. Our experience from
use of high-resolution ultrasonography was that interpretation of
width and depth of the thyroid gland could vary substantially be-

W » /\
ca) L
D >
Tranchea
A
W = Width (from most lateral part to medial part in cross-sectional picture, no further
medial than the lateral wall of trachea)
D = Depth (maximal depth within “A” in cross-sectional picture)
A = area for measurement of thyroid depth (middle %2 of thyroid width)
Ca = Carotid artery

L
Figure 1. Measuring procedure for ultrasonographic thyroid volume de-
termination. Two perpendicular planes of the thyroid: left, cross-sectional
picture; right, longitudinal picture. Figure from (11).

Length (maximal length in longitudinal picture)

tween observers, not only in irregularly shaped glands but also in
quite normal glands. In correlation studies, this raises the question if
observed differences are due to actual differences in thyroid volume
or methodological differences. When large differences in thyroid
volume are found between populations with similar iodine status
(111, 67, 77), methodological differences in thyroid volume measure-
ment could be one reason, goitrogens another (18). Such methodo-
logical differences have recently been documented for thyroid ultra-
sonography of children (78). We have therefore defined precise
guidelines to make the ultrasonic thyroid volume measuring proce-
dure reproducible between observers (II) (Figure 1).

Blinded duplicate evaluations showed that the inter-observer
variation was low. The coefficient of variation was 9.6%, which is in
the lower end compared to the few previous methodological studies
(I, 79-81). Even compared to the cross-sectional planimetric
method, this inter-observer variation was acceptable (71, 82). No
significant bias between the observers was found (Table 6). The
trend, however, was a slightly higher thyroid volume measured by
the observer from the area with less pronounced iodine deficiency;
the mean difference for each thyroid lobe was 0.4 ml (95% con-
fidence interval —0.3 to 1.2 ml). The regional difference in thyroid
volume between the two regions in the DanThyr studies thus tend to
be underestimated and was not explainable by bias between the ob-
servers.

The validity of the thyroid volume measurements was evaluated
by comparisons to the results of autopsies. The agreement between
ultrasonography and autopsy volumes was smaller than the inter-
observer variation, which was possibly due to the less optimal scan-
ning conditions and changes appearing during the autopsy (II).
Still, a satisfactory correlation was found with a correlation coeffi-
cient of 0.93 and a slight bias (regression coefficient 0.90). In this
particular case, bias was less important than correlation, since the
two methods are not required to be interchangeable, as only ultra-
sonography is used in epidemiology. Higher as well as lower correla-
tion to surgical specimens has been reported for the planimetric
method (71, 72), but as the variation in thyroid volume was much
larger in those studies, correlation coefficients were expected to be
higher.

Table 6. Agreement between results
of ultrasonography of 49 thyroid lobes

Sonographer A Sonographer B

Volume three-axes method (ml)
Volume planimetric method (ml)
Lobes with nodules
Number of nodules
Size of nodules (mm)
Hypoechogenecity
Micronodularity

by two sonographers.

................ 8.8 (3.5-44.6) 8.2 (3.4-52.6) p=0.34
............... 9.2 (3.7-43.1) 9.8 (3.8-50.8) p=0.03
................ 16 14 k=0.72*
................ 25 24 p=0.80
................ 13.7 (5.2-54.5) 13.4 (5.3-44.7) p=0.82
................ 10/49 4/49 K=0.19%%*
................ 19/49 28/49 k=0.42%*

For continuous variables medians (and
from (I).
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ranges) are given; * Good agreement; ** Moderate agreement; *** Poor agreement; Table
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Thyroid structure

Besides thyroid volume, thyroid structure is also of interest in an
epidemiological context, as iodine status as well as other goitrogens
might affect the prevalence of nodules and thyroid echogenecity
(VIII, XII, 67). Registration of these variables is probably even more
subjective than thyroid volume measurement, and in a clinical set-
ting, large inter-observer variation in detection of nodules has been
reported (83).

We found good agreement between the two observers in blinded
duplicate observations of distinct thyroid nodules, reflected by a K-
value of 0.72, and first and foremost, the estimates were unbiased.
On the other hand registration of hypoechogenecity and micronodu-
larity (irregular echo pattern) showed little agreement and consid-
erable bias (II) (Table 6). Thus, these variables seemed not to be
suitable for evaluation in epidemiology, at least not when evaluated
by different observers. Only small differences in echogenecity were
observed in the 25 participants in the study, and it is possible that
more pronounced differences in echogenecity could be estimated
with higher agreement. Consequently, it is possible that echogen-
ecity is a useful variable in clinical contexts, where more severe de-
grees of hypoechogenecity may be observed. Hypoechogenecity has
been suggested as a good marker of e.g. autoimmunity (84, 85),
atrophic thyroiditis (86) and subacute thyroiditis (87).

Conclusion

Ultrasonography is the preferred method for evaluation of thyroid
volume and thyroid enlargement, though palpation may be suffi-
cient in field studies in areas with high goitre prevalence. The wide-
spread method based on measurement of the three axes of each
thyroid lobe is reproducible and sufficiently valid at least when the
measuring procedure is well defined. For comparison studies, pos-
sible bias in thyroid volume measurements should be considered,
and comparative studies are preferable. Prevalence of distinct nod-
ules is an applicable variable, but echogenecity and micronodularity
seemed unfit for comparison between observers.

THYROGLOBULIN

The use of serum thyroglobulin (Tg) measurement in daily clinical
practise is almost entirely restricted to follow-up of patients with
differentiated thyroid cancer for the detection of recurrence (88).
Other applications have been suggested and some may be useful in
particular situations. Thyrotoxicosis due to subacute thyroiditis can
be differentiated from Graves’ disease by an earlier and more dis-
tinct rise in serum Tg (89), and in thyrotoxicosis factitia, serum Tg
is low contrary to all other types of hyperthyroidism (90, 91). Serum
Tg measurement could have some value in follow-up of patients af-
ter surgery for non-toxic goitre, as early detection of recurrence is
possible (92). As marker of outcome of thyroid hormone treatment
of non-toxic goitre the value was limited (93, 94).

Analytical interference with Tg Antibodies and lack of standardi-
sation have been obstacles for the use of serum Tg measurements.
However, with newer assays, interference is reduced, and a standard
to which all assays should be calibrated (CRM 457) has been intro-
duced (88).

Determinants of serum thyroglobulin level

The diagnostic use of serum Tg measurement is hampered by the low
specificity, as not only cancer but also almost all types of pathological
changes in the thyroid lead to increased serum Tg levels (88). In-
creased serum Tg is found in patients with goitre (95-99) and in pa-
tients with thyroid nodules (96, 97, 100-104). Correlation between
goitre size and Tg levels has been found by some authors (100, 103)
but not by others (98), and the association with thyroid volumes
measured at ultrasonography has been controversial (82, 105, 106).
Also thyroid hyperfunction is associated with increased serum thy-
roglobulin, whether caused by TSH receptor antibodies in Graves dis-
ease (107, 108) or by autonomous thyroid nodules (95-97, 101, 109).
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The individual associations with serum Tg levels of thyroid vol-
ume, structure and activity have previously been difficult to esti-
mate as precise registration of thyroid volume and thyroid function
was only available in few studies, and as multivariate statistics have
not been applied. The relative importance of these factors has conse-
quently not been established. We found in multivariate models that
thyroid volume was the factor with the closest association with se-
rum Tg, but that also thyroid nodularity, iodine excretion and thy-
roid hyperfunction had independent associations with serum Tg in
that order of importance (VII). So, each of these factors may con-
tribute to increased serum Tg levels, and serum Tg will only be an
unspecific marker of thyroid pathology.

An age- and gender dependency of serum Tg levels has been a
matter of discussion, as conflicting results have been found as re-
viewed by Feldt-Rasmussen (107, 110, 111). An age- and gender de-
pendency has primarily been found in iodine-deficient areas as ours
(VII), where also the occurrence of goitre and hyperthyroidism
shows age- and gender dependency (I, III, V, VI). Thus, the associ-
ation of serum Tg levels with age and gender may be secondary to an
association with thyroid volume and hyperthyroidism.

TSH has an acute stimulatory effect on Tg secretion by the thy-
roid (112, 113), possibly mediated by a general increase in thyroid
activity. Increased serum TSH in severe iodine deficiency has been
found associated with increased serum Tg indicating a direct stimu-
latory effect of TSH on Tg secretion (114-116), but the increased
thyroid volumes in severe iodine deficiency might as well explain the
increased serum Tg levels. And in other situations where serum TSH
is not closely associated with increased thyroid volumes, the associ-
ation between TSH and Tg has been questioned (VII, 96, 105, 110).

A direct genetic determination of serum Tg level has been sug-
gested from twin studies (117), but this determination could simply
be a reflection of the genetic predisposition for goitre, which has a
similar pattern of inheritance (21).

lodine intake and thyroglobulin

Serum Tg level is apparently determined by a number of factors
(thyroid mass, thyroid structure, thyroid function), which are in
turn determined by among other things iodine status. It is also pos-
sible, however, that iodine has a direct effect on Tg secretion due to
lower iodization of the Tg molecule in the follicular cells (98), and
that thyroid mass is not an intermediate factor between iodine defi-
ciency and Tg levels, but simply another consequence of the iodine
deficiency. This view is supported by the lack of association between
thyroid volume and serum Tg levels in an iodine-replete area (82).
Further, apart from the distinct association with iodine status, se-
rum Tg level is closely associated with tobacco smoking (IX), and
synergistic effects of iodine deficiency and smoking on serum Tg
levels were found (Figure 2). This is in line with the impact of
tobacco smoking being primarily mediated through inhibition of
iodine uptake (118). Conversely, thyroid volume and serum Tg
showed different associations with alcohol consumption (VIII) and
use of oral contraceptives (X); and these factors have a non-iodine-
dependent association with thyroid volume.

Serum Tg level has previously been suggested as a marker of
iodine status (115, 116, 119, 120), and in comparative studies, a dis-
tinct difference has been found in serum Tg levels between areas
with iodine deficiency and iodine-replete areas (67, 121, 122). We
confirmed the usefulness of serum Tg level as marker of iodine sta-
tus in a population with the finding of a large difference in serum Tg
level between two regions with only a moderate difference in iodine
excretion (Figure 2). Furthermore, intake of iodine-containing vita-
min tablets, iodine-rich foodstuff, and individual iodine excretion
values were associated with serum Tg level (VII, 39). Thus, expres-
sions of iodine intake at the group level, individual here-and-now
intake, and habitual intake were all associated with serum Tg level,
even when included in the model together. This implies that serum
Tg level could be a better marker of iodine status than iodine excre-
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Figure 2. Serum thyroglobulin in 3764 participants from two Danish re-
gions with different iodine status and in groups with different tobacco
smoking habits. Results from multivariate statistics after adjustment for
age and sex. Significant statistical interactions between iodine status and
smoking were found. Figure from (IX).

tion, even when the most accurate estimates of iodine excretion are
provided.

With the possibility of measuring serum Tg from dry blood spot
samples (116) it is also a convenient method in many situations, as
serum samples can be stored and transported from remote areas. In
other situations, serum samples from population studies may be
available, and in that case it is a less time consuming procedure than
ultrasonography.

Conclusion

The current use of serum Tg measurements is limited to follow-up
of patients with differentiated thyroid cancer, though a use as
marker of iodine status has been suggested. Serum Tg level has
close, independent associations with thyroid volume, thyroid nodu-
larity and thyroid hyperfunction; all being factors also associated
with iodine deficiency. But serum Tg level is further associated with
iodine intake, and may have a direct dependency from iodine status
apart from effects mediated from the factors above. Tg is a sensitive
marker of iodine status; perhaps the most sensitive marker available,
and it may be useful in many situations, especially with the newer
assays with less analytical problems.

IODINE STATUS AND PREVALENCE

OF BENIGN THYROID DISEASE

Iodine status is probably the major determinant of the prevalence of
benign thyroid disease in a population. As iodine status is usually
only determined at the population level, an estimate for the in-
creased risk associated with iodine deficiency is not easily provided
at an individual level, and much of our knowledge is derived from
correlation studies. Structural abnormalities as well as thyroid
dysfunction has been determined with many different methods and
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different standards, differences that complicate these correlation
studies. Still, some patterns seem to apply regarding occurrence of
thyroid disease in areas with different iodine status. Iodine status
may determine not only the prevalence of thyroid disease but also
the prevailing type of thyroid disease and the distribution within
populations, as the diseases may occur in different age groups de-
pendent on iodine status (123).

GOITRE

The most obvious consequence of iodine deficiency is an increase in
thyroid volume eventually leading to a clinically detectable goitre.
The occurrence of this phenomenon has been measured either as
the prevalence of palpable and visible goitre, as median thyroid vol-
ume at ultrasonography, or as the prevalence of increased thyroid
volume at ultrasonography.

Palpable goitre

The association between iodine status and goitre prevalence is well
established as reviewed by Delange (15). The association is only
clear in severe and moderate iodine deficiency; no increase in goitre
prevalence was seen in mildly iodine-deficient areas. However, in
the DanThyr study we found a significant difference in goitre preva-
lence between the two regions (V). In the two regions with only a
modest difference in iodine excretion, palpable goitre was found in
10% of the participants in the mildly iodine-deficient region and in
15% of the participants from the moderately iodine-deficient re-
gion. The palpations were not done by the same observers, but the
difference was parallel to the difference in thyroid enlargement (15
vs. 22%).

Not only iodine deficiency can lead to goitre; in areas with a very
high iodine intake, a high goitre prevalence has been observed too
(124). In a study comparing towns with different iodine intake, an
increased prevalence of goitre was seen among children in towns
with median urinary iodine concentrations exceeding 800 pg/1
(125), and in two towns with iodine concentrations in drinking wa-
ter of 463 and 54 pg/l, goitre prevalences of 65 and 15%, respec-
tively, were found (126).

Thyroid volume

More precise comparisons of thyroid volume may be obtainable
from ultrasonographic studies. However, as previously mentioned,
bias may still be present. A summary of studies using ultrasonogra-
phy for determination of thyroid volume is shown in Figure 3. The
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Figure 3. Correlation between urinary iodine excretion and thyroid vol-
ume at ultrasonography. Studies selected to include studies of Caucasians
and studies with determination of thyroid volume at ultrasonography and
iodine excretion in both genders.

DANISH MEDICAL BULLETIN VOL. 52 NO. 4/NOVEMBER 2005



trend is decreasing thyroid volume with increasing iodine excretion
(V, 67, 82, 106, 127-129). Other studies from areas with presumed
mild iodine deficiency confirmed the tendency (III, 72, 77, 130-
132). A recent, African study from a moderately iodine-deficient
area showed high thyroid volumes (68), and a comparative study of
nursing home residents showed higher thyroid volumes in an
iodine-deficient area than in an iodine-sufficient area, but no
further decrease in thyroid volume in an area with abundant iodine
intake (122). The association in Figure 3 seems strongest in the
range of iodine excretions corresponding to mild iodine deficiency,
but some variation is present. This may be due to methodological
differences, as iodine excretion was given as either an iodine concen-
tration or as an iodine/creatinine ratio, estimates that are not di-
rectly comparable (IV). Further, thyroid volumes are computed
with different formulas producing a 10% difference in thyroid vol-
ume, and measuring procedures may be different (II, 78). Another
explanation for the variation could be impact from other goitrogens
in food, differences in status regarding life-style associated risk fac-
tors, or genetic differences. The methodological differences were di-
minished in the two comparative studies, however, and they showed
a marked association between iodine excretion and thyroid volume
(v, 67).

Cohort effects are also possible, as only few populations have had
a stable iodine intake in their entire lifespan. The time required for a
change in thyroid volume following an increase in iodine intake is
not known. In DanThyr, participants who had grown up in the
moderately iodine-deficient area and later moved to the mildly
iodine-deficient area had thyroid volumes similar to the thyroid vol-
umes of permanent residents in the mildly iodine-deficient area.
Participants who had moved from mild to moderate iodine defi-
ciency also had thyroid volumes similar to permanent residents in
mild iodine deficiency (V). Thus, life-long exposure to moderate
iodine deficiency was a prerequisite for the increased thyroid
volumes observed in that area. The exact time span for these
changes in thyroid volume could not be evaluated.

Age and gender

Thyroid volume has generally been found higher in men than in
women except in one study (106), probably because thyroid volume
is correlated with lean body mass (129, 133). Thyroid enlargement,
defined as a thyroid volume exceeding mean + 3SD in iodine-suffi-
cient populations (34), was on the other hand more prevalent
among women in some studies (III, V, 106), though similar preva-
lences in the two genders have been reported (77, 134). The preva-
lence of palpable goitre was in all studies higher among women than
among men (V, 135-137). This indicates that women do not have
larger thyroids in general, and that it is not a continuum of larger
thyroid volumes that leads to increased goitre prevalence among
women; rather, a larger proportion of women develop growth of the
thyroid when exposed to for instance iodine deficiency.

The association between age and goitre prevalence or thyroid vol-
ume seems to be dependent on iodine status. Increasing thyroid vol-
umes are found up to an age around 40 years, but after that age, no
further increase is seen (III, V, 72, 130, 131, 138). In areas with mild
or no iodine deficiency, the tendency was even a decline in thyroid
volume after the age of 40 (129), possibly associated with a decline
in lean body mass (128). This was confirmed in a Danish study of
centenarians, where low thyroid volumes were found, but in an ex-
treme age group, a “healthy survivor bias” should be considered
(139).

The pattern is different for thyroid enlargement or goitre. In se-
vere iodine deficiency, the prevalence of goitre has a maximum for
subjects in the teenage years (15). In areas with mild iodine defi-
ciency, a more heterogeneous pattern has been found; in one of our
studies we found a steady increase in the prevalence of thyroid en-
largement from age 41 to age 71 years in spite of unchanged median
thyroid volume (IIT). The data, which are shown in Figure 4, sup-
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port that a subset of women are responsible for the increase in goitre
prevalence. In other studies, a more constant goitre prevalence (V,
134) or even decreasing goitre prevalence with age have been found
(131). Decreasing goitre prevalences after the age of 40 years have
also been found in iodine sufficient areas (135, 136), but one major
study found increasing goitre prevalences with age (140). In the last
study, a cohort effect was likely, however, due to marked increase in
iodine intake of the population in the lifetime of the oldest part of
the cohort. In studies including old age, goitre prevalence decreases
after the age of 70 years (134, 135).

Bias should be considered in these comparisons, as they were all
cross-sectional studies, and cohort effect are possible, especially as
the iodine supply in most areas has not been stable for the life-time
of the investigated cohorts. Further, the selection may be different in
the different age groups, and often patients with previous diagnosis
of goitre were not included in the studies, which could have contrib-
uted substantially to the estimates.

Conclusion

Goitre and increased thyroid volume are closely associated with
iodine status with a U-shaped association, since low as well as high
iodine intake may lead to increased goitre prevalence. Although
thyroid volume is larger in men than in women, goitre is 2 to 10
folds more prevalent in women than in men. Thyroid volume gener-
ally increases up to an age around 40 years with a subsequent decline
in thyroid volume in iodine-sufficient areas. Goitre prevalence has a
peak early in life in severely iodine-deficient areas, whereas the peak
appears around middle age or in the elderly in mildly iodine-defi-
cient areas.

THYROID NODULES

The association between iodine intake and prevalence of thyroid
nodules is less clear than the association between iodine intake and
goitre. The natural history of goitre development could be a devel-
opment of diffuse goitre, transition to nodular goitre, and eventu-
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Figure 5. Correlation between urinary iodine excretion and prevalence of
thyroid nodules at ultrasonography. Studies selected to include studies of
Caucasians and studies with determination of nodule prevalence and iod-
ine excretion in both genders.

ally appearance of autonomous thyroid tissue with hyperthy-
roidism. Accordingly a high prevalence of non-toxic goitre among
the young and of multinodular toxic goitre among the elderly in
iodine deficiency has been found (121).

lodine intake

A summary of studies giving results on the prevalence of thyroid
nodules at ultrasonography and iodine status is shown in Figure 5
(111, V, 67, 82, 104, 106, 127, 134). The association is not convincing,
but it should be noted that in the two comparative studies, a clear
association between nodule prevalence and iodine intake was found
in one (67), whereas we found no association in our study with only
a modest difference in iodine excretion between the regions (V).
Another comparative study of nursing home residents showed sig-
nificantly higher nodule prevalence in iodine deficiency and lower
nodule prevalence in abundant iodine intake when compared to an
area with sufficient iodine intake (122). The low correlation be-
tween iodine excretion and nodule prevalence in Figure 5 is sup-
ported by other studies without precise indication of iodine status
or with only men or women included. In areas with presumed mild
iodine deficiency, nodule prevalences of 14 to 26% were reported
(77, 131, 132, 138, 141), compared to prevalences of 14 to 56% in
areas with presumed high iodine intake (104, 142-145).

The lack of association in the ecological comparison does not rule
out a true association, however, as a number of factors may con-
found or bias the results. The ultrasonographic equipment was dif-
ferent, and higher resolution of the images leads to detection of
more nodules. A considerable observer variation is likely; the defini-
tion of a nodule is not unambiguous. A cohort effect was possible in
most cases, as iodine intake had varied within the lifetime of the
participants. The composition of the cohorts was different with re-
spect to age and gender, and the selection procedure was different.
Further, though the prevalence of nodules did not seem convinc-
ingly related to iodine status, the type of nodules may differ as sug-
gested from the different characteristics of the nodules in the two re-
gions in our comparative study (V).

Another approach to elucidate the association between thyroid
nodules and iodine status is through registration of food intake.
With specially designed questionnaires, the intake of iodine was
evaluated in the DanThyr cohort (44). A pronounced association
was found between iodine intake and thyroid multinodularity,
whereas the association was less clear regarding solitary thyroid
nodules (39). Particularly concerning thyroid multinodularity, a
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closer association with food questionnaires than with iodine excre-
tion might have been anticipated, as such questionnaires indicate
iodine intake over a longer period of time. Thyroid nodularity cor-
respondingly is evolved over a longer time span than simple thyroid
enlargement.

The less distinct association between iodine intake and solitary
thyroid nodules could be because some of these nodules represent
less pronounced nodularity but cases that will later develop into
multinodularity. As discussed later, some of these nodules will, how-
ever, represent benign neoplasms with a pathogenesis that may not
be dependent on iodine intake. Such misclassification is inevitable in
cross-sectional studies, but in this case, an attempt to discriminate
between multiple and solitary seems relevant as the association with
iodine intake as well as some of the other risk factors were different.

In many studies, thyroid nodularity is described irrespectively of
the number of nodules; this may blur differences between cohorts.
In the studies where distinctions were made, solitary nodules were
predominant in the areas with the less iodine deficiency (104, 141),
whereas multiple nodules were predominant in areas with more
pronounced iodine deficiency (IIL, V, 77).

Age and gender
In all studies, nodules were found more prevalently in women than
in men, but the ratio between the genders was smaller than what
was observed for clinically detectable goitre (146). Likewise, increas-
ing nodule prevalence with increasing age was a constant observa-
tion, at least up to the age of 70 years (77, 134, 141). In the few stud-
ies with enough observations to allow stratification, a relatively con-
stant prevalence of solitary nodules was found in different age
groups, whereas the prevalence of multinodular glands increased
with age (III, V, 77). These studies were all from mildly iodine-defi-
cient areas.

Increasing prevalence of palpable nodules with increasing age and
a higher prevalence among women is also a general tendency in
studies of palpable nodules as reviewed by Mazzaferri et al (146).
The distinct increase in clinically detectable goitre with age may be
caused by the group of women developing large, nodular goitres
with age in areas with iodine deficiency, whereas the slightly en-
larged, diffuse glands in younger age are often not detectable.

“Thyroid incidentalomas”

The clinical significance of the high number of nodules detected in
most studies has been questioned, and the very varying prevalences
of nodules observed in different studies support that most of the
nodules have no clinical relevance. Very few nodules in these studies
gave rise to symptoms, and most of the nodules were not detectable
at a clinical examination. These nodules detected by chance have
been named thyroid incidentalomas.

Few studies have investigated the risk of malignancy in incidenta-
lomas. By cytological investigation at the time of detection of the
nodule, low or immeasurable malignancy risks have been reported
(143, 147). In follow-up studies, no signs of malignancies were
found after two (IIT) or five years (148). The size of the nodule in it-
self does not seem to be a useful marker of possible malignancy
(149). The general recommendation is a conservative approach to
incidentalomas with a simple clinical follow-up (104, 141, 143, 144,
148, 150), but one study has found a malignancy rate of 4% and ad-
vocates fine-needle aspiration of incidentalomas (151). However,
there is a discrepancy between detection of thyroid nodules in V5 to
/4 of the population, scintigraphically cold nodules in 2-5% of the
population (III, 152) and an incidence of thyroid cancer of only ap-
proximately 2/100,000/year (153).

Conclusion

The association between iodine intake and the occurrence of thyroid
nodules is not obvious, possibly in part owing to methodological
differences. Nodules may represent different pathogenic mechan-
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Table 7. Prevalence of thyroid dysfunction in 10 epidemiological studies focusing on the occurrence of thyroid dysfunction in the general adult popu-

lation.

lodine Mild Unknown Mild
Author status Age Hyperthyroid hypothyroid hypothyroid hypothyroid
Seck et al. (1997) Germany .............. Moderate ID 50-80 2.2% 6.6% 0.9 % 0%
Knudsen et al. (1999) Denmark ........... Mild ID 41-71 2.0% 1.4% 1.4 % 0.6%
Tunbridge etal. (1977) UK .. ............. Sufficient min. 18 1.6% 1.1 % 5.0%
Ericsson et al. (1990) Sweden .. ........... Sufficient 41 + 55 0.7% 0.2 % 1.1%
Eggertsen et al. (1988) Sweden ........... Sufficient min. 18 0.2% 1.0% 4.3 % 2.9%
Sawin etal. (1985) USA ................. High 60-69* 1.6 % 4.1%
Hollowell et al. (2002) USA .............. High Min. 12 0.5% 0.7% 0.3 % 4.3%
Okamura et al. (1987) Japan ............. High min. 40 0.9% 0.3 % 4.2%
Konno et al. (1993) Japan ............... High adults 0.4% 0.3% 0.6 % 1.3%

*: The figures represent a stratum from the investigation in order to have comparable ages. Adapted from (I).

isms dependent on iodine intake; in iodine repletion, some nodules
may be due to autoimmunity or focal autoimmune processes may
appear as nodules at ultrasonography, whereas in iodine deficiency,
the development of multinodular, colloid goitres may be facilitated.
Thyroid nodules occur in large numbers in old age when invest-
igated by ultrasonography, and the risk of malignancy is low in in-
cidentalomas.

THYROID FUNCTION

Iodine deficiency could be associated with an increased risk of hy-
pothyroidism due to the lack of substrate for thyroid hormone syn-
thesis as observed in areas with severe iodine deficiency (154). It has
now become clear that milder degrees of iodine deficiency are not
associated with a high occurrence of hypothyroidism. Correlation
studies should be interpreted with care, as comparisons may be bi-
ased by the use of different assays and of different definitions of
hypo- and hyperthyroidism, by the composition of cohorts with re-
spect to age and gender, by selection of the cohorts, by different di-
agnostic activity and thereby different levels of known thyroid dys-
function, and by recent changes in iodine intake of the population
among other things. Further, genetic differences may determine
some of the differences between populations. An influence of gen-
etic background on serum TSH levels and the occurrence of thyroid
dysfunction has been demonstrated (22, 155, 156). Also an in-
creased susceptibility to other risk factors may be dependent on gen-
etic background (gene-environment interactions). Thus, no evi-
dence of causality is provided from correlation studies. A summary
of thyroid dysfunction in selected studies, investigating samples of
both genders from the general population is given in Table 7 (I, 55,
135,137, 157-161).

With all reservations mentioned above, a pattern is seen with in-
creasing prevalences of hypothyroidism and decreasing prevalences
of hyperthyroidism with increasing iodine intake. However, more
evidence is obtained from comparative studies where methodologi-
cal bias has been diminished. Comparing Iceland with a stable high
iodine intake and Jutland in western Denmark with a stable low
iodine intake, elevated serum TSH was found with a high prevalence
in Iceland and a low prevalence in Jutland (121). Conversely, sup-
pressed TSH levels were often found in Jutland, but were not identi-
fied in Iceland. The same pattern was found in a study of nursing
home residents in different areas of Hungary: a high prevalence of
elevated TSH levels in iodine repletion and a high prevalence of sup-
pressed TSH levels in iodine deficiency (122). In our study, no stat-
istically significant regional differences in thyroid dysfunction were
found with the cut-off value used in daily clinical practise, but with
a wider definition of mild thyroid dysfunction, which is relevant for
epidemiological purposes, a tendency towards higher prevalence of
elevated TSH values was found in mild iodine deficiency and a
higher prevalence of low TSH values was found in moderate iodine
deficiency (VI). The term “mild thyroid dysfunction” is preferred to
the previously used “subclinical thyroid dysfunction” in this thesis
for cases with serum TSH outside the reference range and levels of
thyroid hormones within the defined range. With a wider definition
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of mild thyroid dysfunction (narrowing the reference interval for se-
rum TSH), more cases are identified, but obviously, the price could
be an increased misclassification, if a part of the additional cases in
reality have no thyroid dysfunction. However, the recent years the
trend is towards narrowing the reference interval for serum TSH
particularly in the high end as increased risk of later clinical overt
disease is seen already with TSH levels in the high end of the normal
interval (162-164). It is now advocated that subjects with positive
TPO Antibodies should be excluded when normal levels of serum
TSH is defined, which was the procedure that we followed in our
new definition of mild thyroid dysfunction.

Looking just at median TSH values in the cohorts, the tendency is
similar. Higher serum TSH levels are found in areas with a higher
iodine intake (VI, 67) even among children (126).

Age and gender

Both hypothyroidism and hyperthyroidism are more common
among women than among men; this is a constant finding from all
studies. Investigating only mild thyroid dysfunction, the gender dif-
ference is less pronounced especially for hyperthyroidism (I, VI, 55,
159, 161) but also for hypothyroidism (165). No explanations have
been proposed for this paradox, but part of the explanation could be
a larger non-differentiated misclassification with wider definitions
of thyroid dysfunction.

Hypothyroidism is found with increasing prevalence with age, as
it is in most cases a chronic disease; but also the incidence increases
with age (30, 162, 166). This age relation is more pronounced in
iodine-replete areas (VI, 30).

The occurrence of hyperthyroidism has different relations to age
in iodine-replete and in jodine-deficient areas. No association was
found between age and the prevalence of previously undiagnosed
hyperthyroidism in Norway with iodine sufficiency (165), contrary
to the increase with age observed in our mildly and especially mod-
erately iodine-deficient area (I, VI). This association with age is,
however, demonstrated even more clearly in studies of the incidence
of thyrotoxicosis from areas with different iodine intake (30, 167),
where the height of the incidence of hyperthyroidism is seen in the
age around 30-40 years in iodine-sufficient areas, but in the very old
in iodine-deficient areas. Corresponding to the changes in the
prevalences of thyroid dysfunction, a steeper decrease in serum TSH
levels with age was found in the region with the most pronounced
iodine deficiency in our study (VI) (Figure 6); and increasing TSH
values with age have been found in iodine sufficiency (168) com-
pared to decreasing values in an iodine-deficient region (134).

Pathogenesis of thyroid dysfunction

In order to understand the difference in the prevalence of hypo- and
hyperthyroidism and the different distribution in age groups be-
tween areas with different iodine intake, one has to look at the dif-
ferent distribution of the subtypes of thyroid dysfunction.

Hyperthyroidism
In iodine-replete areas, the dominating type of hyperthyroidism
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is Graves disease caused by autoimmune stimulation of TSH recep-
tors, whereas in iodine-deficient areas, most cases of hype-
rthyroidism is caused by autonomous functioning thyroid nodules
in multinodular goitres (123, 167). Accordingly we found thyroid
nodules in almost all participants with low TSH values in the region
with the more severe iodine deficiency (VI). In the region with only
mild iodine deficiency, the prevalence of nodules in participants
with low TSH was lower than in the area with moderate iodine
deficiency. This appearance of thyroid autonomy could also explain
the low TSH values in goitrous subjects in areas with mild or
moderate iodine deficiency (134, 169) and the general decline in
TSH levels with age in these areas (VI) (Figure 6). The occurrence
of solitary toxic thyroid nodules does not seem to be related to
iodine status in the same way as multinodular toxic goitre is; almost
similar incidences of solitary toxic nodules were reported from
iodine repletion and iodine deficiency (170). This emphasises that
single and multiple thyroid nodules may represent different disease
entities.

As Graves’ disease has a maximal incidence in young adults and
multinodular toxic goitre is almost entirely found among the elderly
and old part of the population, this explains the different age distri-
bution of hyperthyroidism in areas with different iodine intake.

The role of iodine in the actiology of Graves’ disease and multi-
nodular toxic goitre is not known. The lack of substrate for thyroid
hormone synthesis may inhibit the outbreak of thyrotoxicosis in the
presence of TSH receptor stimulating antibodies in iodine-deficient
areas, but the tendency is also that the maximal incidence of Graves’
is seen in older age groups in iodine deficient areas (167).

The evolution of toxic nodules in most or probably all cases in-
volves a TSH receptor mutation or a mutation in the intracellular
pathway of the TSH signal; various mutations have been identified
in the TSH receptor and the a-subunit of the guanine nucleotide
binding protein (Gsa) in toxic nodules or hyper functioning areas
in multinodular glands (171-174). Somatic activating mutations
have been reported initially in solitary “hot” nodules, but later
the same types of mutations have also been identified in multinod-
ular glands (175). For multinodular glands, such mutations are
thought to be clinically apparent only when combined with growth
stimulators (176), growth stimulators that could be iodine defi-
ciency in areas with a low iodine intake (172). The assumed high
occurrence of somatic thyroid mutations in iodine deficiency could
be mediated by the H,O, generating system which is stimulated by
iodine deficiency among other things (177). It has also been sug-
gested that activation of mesenchymal, normally inactivated,
thyroid cells may be part of the explanation for thyroid nodularity
in iodine deficiency (178). The molecular mechanisms leading to
growth and in some cases increased function and the influence of
genetic background has not been fully elucidated, and further re-
search is desirable.
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Hypothyroidism

The dominating aetiology of spontaneous hypothyroidism is thy-
roiditis, either in the form of Hashimoto’s thyroiditis or atrophic
thyroiditis (I, 162). In a review, high iodine intake seemed associ-
ated with higher prevalences of thyroid antibodies (thyroid peroxi-
dase (TPO) antibodies or thyroglobulin (Tg) antibodies) (179). In
recent comparative studies, this tendency was not retrieved (121,
180). Thyroid antibodies may not be specific for thyroiditis, how-
ever, as other thyroid diseases could be associated with antigen pre-
sentation and antibody production. We found a high prevalence of
TPO AD in participants with multinodular goitre (I), and thyroid
multinodularity was associated with TPO Ab in an area with mild
(borderline) iodine deficiency (III). This might represent antibody
production due to the multinodular changes (17) or that thyroiditis
could lead to the formation of distinct thyroid nodules.

Thus, one possibility is that high iodine intake is associated with
higher prevalences of thyroiditis and thereby hypothyroidism. An-
other possibility is that the difference in the prevalence of thyroiditis
is minor, whereas the well-known inhibitory effect of iodine on thy-
roid function acts synergistically with the thyroiditis and thus is re-
sponsible for the high prevalence of hypothyroidism in areas with
abundant iodine intake (166, 181). We found no differences in the
occurrence of TPO Ab between our two regions in DanThyr (180).
Approximately half the participants with mild hypothyroidism had
high TPO AD titres. Our findings, the apparent reversibility of some
cases of hypothyroidism at iodine restriction (124, 182) and the
high TSH levels observed in children from areas with abundant io-
dine intake (126) are in favour of a direct inhibitory effect of iodine
on thyroid function. The interaction between iodine intake and thy-
roid antibody levels in serum may play a role but needs further clar-
ification.

Conclusion

The prevalence of thyroid hyperfunction is high in areas with mod-
erate to mild iodine deficiency, particularly among the elderly part
of the population. This is probably due to autonomous thyroid nod-
ules in multinodular goitres. On the other hand, the prevalence of
thyroid hypofunction is increasing with increasing iodine intake al-
ready in areas with an iodine intake below the recommended 150
Hg/day. Whether this is due to a high prevalence of thyroiditis, a di-
rect inhibitory effect of iodine on the thyroid, or a combination of
the two has not been settled.

OTHER RISK FACTORS FOR GOITRE

TOBACCO SMOKING

Goitre and thyroid volume

Different trends have been found concerning the association be-
tween tobacco smoking and goitre. Some authors found no associ-
ation between smoking habits and goitre prevalence (168, 183, 184)
or thyroid volume (82, 127, 129). Others have found a positive asso-
ciation between smoking habits and goitre prevalence (185-188) or
thyroid volume (128, 131, 185, 189). It has been suggested that the
discrepancies could be caused by differences in iodine status, as the
association seems to be stronger in iodine-deficient areas (19, 20).
This is not an unequivocal trend, however, as no association was
found in a German study from an area with moderate to severe
iodine deficiency (127), whereas an association was found in three
studies from iodine-repleted areas (186, 187, 190) and a in French
study with just mild iodine deficiency (128). Thus, methodological
differences or interaction with other environmental or genetic fac-
tors seem to play a role.

In our comparative set-up, a difference between the two geo-
graphical regions in the impact of smoking habits on thyroid vol-
ume (Figure 7) and particularly serum Tg was found (Figure 2).
The associations were stronger in the region with the most severe
iodine deficiency, but were still significant in the region with the
mildest degree of iodine deficiency (IX). Serum Tg levels have pre-
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viously been found positively associated with smoking habits (185,
187). Further, thyroid enlargement and goitre were more common
among smokers than non-smokers with odds ratios for current
smokers compared to never-smokers of 2.5 (2.0-3.0) and 3.5 (2.0-
5.8), respectively. For these variables no significant interaction with
iodine status was found (IX).

Partly reversibility of the increased goitre prevalence among
smokers has been reported. Ex-smokers have been found to have in-
termediate thyroid volumes between smokers and non-smokers (IX,
128). An intermediate goitre prevalence was also reported among
the ex-smokers in a Swedish population study (186), but among the
younger in that population and from another study, a goitre preva-
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Figure 7. The association between tobacco smoking and thyroid volume
in two areas with different iodine intake. Data from a Danish population
study including 4412 subjects after exclusion of subjects with known thy-
roid disease. Significant associations with tobacco smoking were found in
both areas. Figure from (I1X).
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Figure 8. The association between smoking and thyroid enlargement,
multiple nodules, and a solitary nodule at an ultrasonographic investiga-
tion of 4412 unselected Danes with no previous thyroid disease. Vertical
bars represent 95% confidence interval. Figure adapted from (XII).
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ence similar to or even lower than never-smokers was reported for
ex-smokers (186, 187). Thus, reversibility of the smoking-induced
increase in thyroid volume was suggested particularly among the
young.

Thyroid nodules

Less attention has been paid to the association between thyroid nod-
ules and smoking habits. In one study with an association between
smoking and goitre, nearly all goitres were multinodular (187). Sim-
ilarly, nodules were more common in goitres among smokers than
among non-smokers (191), and nodular goitre has been found asso-
ciated with smoking (190) or an insignificant trend towards an asso-
ciation was found (186). We separated participants into groups with
multiple nodules or a solitary nodule. For the multinodular group, a
positive association with smoking was found, whereas no associ-
ation was found for the solitary nodule group (XII) (Figure 8).

It could be speculated that the group of participants with solitary
thyroid nodules was not homogenous, as some nodules in this
group will represent the early stage of colloid, multinodular goitres,
whereas others will be true — mostly benign — solitary thyroid neo-
plasms. As the first group has a positive association with smoking,
the latter group with true adenomas may have a negative associ-
ation. This could be in line with a reduced risk of thyroid malignan-
cies among smokers (192, 193).

Thyroid function

Decreased serum TSH levels in smokers are found in most studies
(168, 185, 186, 194-196), although in some, the difference did not
reach statistical significance (187, 197) possibly due to limited statis-
tical power of the studies. One study reported a tendency towards
higher TSH levels among smokers (198).

No specific pattern was found for the association between smok-
ing and thyroid hormone levels; most of the studies above reported
an absent association. Two minor studies found a positive associa-
tion between smoking and serum T3, however, possibly leading to
the decreased serum TSH levels (187, 197). These findings have pre-
viously been reviewed (19).

We found lower serum TSH levels among smokers, and in addi-
tion higher serum free T4 levels (XII). The difference in serum free
T4 between smokers and non-smokers was significant, but small.
We further demonstrated a lower prevalence of mild hypothy-
roidism among smokers. There are some controversies in the litera-
ture regarding the association between smoking and hypothy-
roidism. Some studies have found no association (183, 184, 186),
whereas one recent study found a significantly higher occurrence of
hypothyroidism among smokers (199). The latter study only in-
cluded hospitalised cases and thus represents highly selected cases
with complicated hypothyroidism and probably other medical dis-
eases in many cases. This may explain the discrepancy. Another pos-
sibility might be that smoking is associated with a decreased risk of
mild hypothyroidism; the induction of clinically overt hypothy-
roidism may on the other side involve other mechanisms as well and
thus show a different association with smoking.

Mild hyperthyroidism showed no significant association with to-
bacco smoking in our study (XII). That is surprising as the associ-
ation with Graves’ disease is well established as reviewed previously
(20, 200). Also a higher occurrence of autonomously functioning
nodules could have been anticipated leading to an increased preva-
lence of hyperthyroidism, though the association between tobacco
smoking and toxic nodular goitre has not been settled (200).

Mechanisms of action

Several pathogenetic mechanisms for the impact of smoking on thy-
roid morphology and function have been suggested (20). Thiocy-
anate is a degradation product of cyanide in tobacco smoke and it is
found in increased concentrations in blood and urine among smok-
ers (197). Thiocyanate inhibits uptake and organification of iodine
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competitively, and experimentally it has been shown to be the com-
pound in tobacco smoke with the major impact on the thyroid
(118). Part of the effects of tobacco smoke on the thyroid could be
explained by the generation of thiocyanate from cyanide. An inhibi-
tion of uptake and organification of iodine would mimic a lower
iodine intake, and a consequence of lower iodine intake is a higher
prevalence of goitre and multiple thyroid nodules, but not solitary
thyroid nodules. The distinct association between tobacco smoking
and serum Tg levels and the interaction with iodine deficiency (IX)
also favour that the inhibition of iodine uptake is involved. The as-
sociation between iodine status and serum Tg levels is close, pos-
sibly through a direct effect of higher or lower iodization of the in-
trathyroidal Tg in the determination of serum Tg levels (VII, 98).

Thyroid cancer, in particular papillary cancer, is less prevalent
both among smokers (192, 193) and in iodine deficiency (201). We
found no association between solitary thyroid nodules and smoking
(IX). This might be explained by the inhomogeneous group of soli-
tary nodules, as some nodules probably represent the early stage of
colloid goitres with an increased risk among smokers, whereas other
represent benign neoplasms, possibly with negative association with
smoking.

This apparent accordance between observed associations of
smoking and expected effects of thiocyanate does not rule out other
mechanisms. Nicotine from tobacco smoke has been suggested to
cause humeral abnormalities, but nicotine has been shown experi-
mentally not to affect the thyroid in rats (202). Sympathetic nerve
stimulation by smoking might explain decreased serum TSH levels
through a direct stimulatory effect on thyroid hormone production
(203), but it has not been settled whether sympathetic stimulation
of the thyroid could also lead to proliferation of thyroid cells. Stimu-
lation of thyroid hormone turnover by tobacco smoke is possible
(204), but would not lead to the observed effects. A direct effect on
the pituitary has been speculated (20), but this lacks experimental
evidence, and it should be associated with low levels of thyroid hor-
mones. Finally inhibition of peripheral deiodinase activity by pyri-
dine compounds in tobacco smoke has been suggested, but the clin-
ical relevance was questioned (198).

The association between tobacco smoking and Graves’ disease
and especially ophthalmopathy is probably not dependent on thio-
cyanate generation but involves other pathogenetic mechanisms.
This association seems not to be iodine dependent and involves im-
pairment of immunosuppression by components in tobacco smoke
(20) and possibly stimulation of cytokines with a specific prolifera-
tive effect on fibroblast in eye muscles or unspecific stimulation of
fibroblasts by hypoxia (205).

Lower iodine intake — and thereby possibly also cigarette smoking
due to increased thiocyanate levels — is associated with lower serum
TSH levels either through a repeal of the direct inhibitory iodine ef-
fect on the thyroid or through a higher prevalence of thyroid auton-
omy in iodine deficiency (121). Overt hypothyroidism may, how-
ever, also involve other mechanisms modulating autoimmune re-
sponses, possibly in synergy with an impact of iodine status.

Conclusion

Smoking is associated with increased thyroid volumes and an in-
creased prevalence of goitre. The association is stronger in areas
with concomitant iodine deficiency. Serum Tg is also positively as-
sociated with smoking habits, and multiple nodules but not solitary
nodules are found more often in smokers than in non-smokers.
Lower levels of serum TSH and a lower prevalence of mild hypothy-
roidism are found among smokers, whereas overt hypothyroidism
may be more prevalent among smokers. These associations are most
likely mediated by thiocyanate acting as a competitive inhibitor of
iodine uptake and organification. Tobacco smoking is a well-estab-
lished life-style factor that increases the risk of goitre at least when
combined with iodine deficiency. A causal association is supported
especially for the morphological changes in the thyroid by fairly
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consistent findings in different studies, a strong association, less
pronounced changes among ex-smokers, and reasonable pathogen-
etic mechanisms to explain the differences.

ALCOHOL

Alcohol and goitre

The association between alcohol consumption and mortality and
morbidity from cardiovascular diseases has received much atten-
tion, but only few studies have reported data concerning the associ-
ation between alcohol consumption and thyroid disease. Low thy-
roid volumes and a low goitre prevalence were found in hospitalised
alcoholics (206). This association was independent from alcoholic
liver disease (40). The association observed among alcoholics raises
the question of a general effect of alcohol on the thyroid. Two minor
studies have reported an absent association between alcohol con-
sumption and thyroid volume at ultrasonography (82, 129), but the
size of the studies limits the value of these negative findings.

In the DanThyr cohort, we found low thyroid volumes and a low
prevalence of goitre in the groups with a moderate or high alcohol
consumption compared with the groups with no or low alcohol
consumption (VIII). Likewise, a significantly lower occurrence of
solitary thyroid nodules was found in alcohol consumers (Figure
9). A somewhat similar but statistically insignificant association was
found with multinodular thyroid structure (VIII). The low levels of
solitary nodules, most likely representing mainly benign neoplasms,
could be parallel to the low level of malignant neoplasms found in
alcohol consumers (192). Higher serum TSH levels accompanied
the lower thyroid volumes among alcohol consumers (VIII).

Causality?

As previously described, a cross-sectional study like ours does not
provide evidence of causality. Certain indicators of a causal associa-
tion were found, however. A dose-response relation was found with
a threshold around 7 drinks/week for the onset of the association.
We reached a stable statistical model with little influence by inclu-
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Figure 9. The association of alcohol consumption with the presence of
multiple nodules, thyroid enlargement or a solitary nodule at ultrasono-
graphy. Data from 4408 subjects in a Danish population study. Low alcohol
consumption = 1-7 drinks/week; moderate = 8-28/week (women), 8-42/
week (men); high = above 28/42 drinks/week. Values are odds ratios com-
pared to abstainers; vertical bars represent 95% confidence intervals.
Figures were adjusted for age, sex, region and smoking habits of the sub-
jects. Differences are significant at the 95% level if Cl does not include 1
(dotted line). Figure from (VIII).
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sion of other potential confounders in the analysis. The association
was found for beer drinkers as well as wine drinkers, which would
not have been the case if other life-style related risk factors were
confounding the analyses, as beer- and wine drinkers have different
lifestyles (207-209). Further, lower thyroid volume has previously
been found in alcoholics (206), whose lifestyle in many ways differs
from that of ordinary alcohol consumers.

An obvious possibility is that alcohol consumers have a higher
iodine intake due to the slightly higher iodine content in beer and
wine than in soft drinks and water (210). But inclusion of an esti-
mate of 24-hour iodine excretion in the regression model did not
influence the alcohol-thyroid association, and the association was
similar in the two regions with different iodine intake contrary to
the effect of smoking (IX) and intake of iodine containing vitamin
tablets (VII). Further, the association with serum Tg does not show
the pattern that would have been expected if the association were
mediated by iodine. However, residual confounding from iodine can
still not be completely ruled out, as a single estimate of iodine excre-
tion does not take the large variations in iodine excretion into ac-
count.

Mechanisms

There is little experimental research to provide an explanation for
the association. Among the possibilities could be inhibition of thy-
roid hormone metabolism, but this should lead to lower TSH levels
contrary to our observations. A direct inhibitory effect of alcohol on
thyroid cell proliferation is possible, which would also be compa-
tible with the slightly higher serum TSH levels among alcohol con-
sumers. Increased sensitivity of thyrocytes to TSH in presence of
high concentrations of alcohol has been reported (211), but the rele-
vance for physiological conditions is unclear, and increased sensitiv-
ity to TSH should lead to higher or unchanged thyroid volumes and
lower TSH levels. Some fibrosis of the thyroid was found in the
study of alcoholics with liver cirrhosis, suggesting a toxic effect on
the thyroid (40). But again, extrapolation to normal levels of alcohol
consumption is hazardous, and thyroid function was normal in
these patients as well as in our groups of alcohol consumers. Lower
levels of serum Tg — contrary to the high levels observed in cirrhotic
patients (212) — and lower prevalence of thyroid nodules in alcohol
consumers in our study do not support a toxic effect either.

Conclusion

Alcohol consumption seems to be associated with a lower preva-
lence of goitre and solitary thyroid nodules. In our study, some indi-
cations of a causal relation were found, but possible confounding
from iodine intake should still be considered. The mechanism be-
hind this apparent association is at present unclear. Confirmatory
studies for this association are needed as well as experimental
studies of the pathogenesis of the association.

ORAL CONTRACEPTIVES

The preponderance of women among patients with goitre and other
thyroid diseases has been dealt with in previous sections. It is not
known whether this is caused by direct genetic effects on the suscep-
tibility to thyroid disease or more indirectly by e.g. differences in the
levels of sex hormones. Environmental factors may be unevenly dis-
tributed between the genders, and a complex combination of the
mentioned possibilities may exist.

Estrogens and the thyroid

The possible impact of estrogens on thyroid growth and function
was studied extensively around the middle of the last century as re-
viewed by Noach (213). Conflicting results were reported from these
studies, but two major effects were suggested: Inhibition of TSH re-
lease by the pituitary and increase of thyroid sensibility to TSH un-
der the influence of estrogens. The net effect was increased thyroid
weight. Two more recent studies of cultured thyroid follicle cells also
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Figure 10. Thyroid volume at ultrasonography among current users and
non-users of oral contraceptives. Data from 2510 participants in a popula-
tion study, analysed in a linear model adjusting for age and region of in-
habitancy. Values are means and vertical bars represent 95% confidence
interval for means. The difference between users and non-users of OC was
significant in all age groups (p < 0.005). Figure from (X).

showed increased proliferation under the influence of estrogens
(214, 215). It could be speculated that the use of oral contraceptives
(OC) could lead to goitre owing to the high estrogen levels. This is a
clinically important issue: should women with goitre or disposition
for goitre be advised to seek other contraceptive methods? Thyroid
function seems to be affected as well; most studies have reported in-
creased serum TSH levels under administration of estrogens (216-
220).

Epidemiology

In a prospective study, a tendency towards a decreased risk of goitre
was observed among users of OC (Relative risk 0.69, non-signifi-
cant) (221), and a recent cross-sectional study found lower thyroid
volumes (p = 0.05) at ultrasonography in users of OC (128). Fur-
ther, use of OC was evaluated as a risk factor for benign thyroid
nodules in patients exposed to radiation on the neck in childhood;
no significant association was found (222). After the publication of
our study, also a markedly reduced risk of hyperthyroidism has been
reported associated with the use of OC (223).

We found significantly lower thyroid volumes (Figure 10) and
lower goitre prevalence (OR =0.25) among users of OC in multivar-
iate models (X). The strength of the association was illustrated by
the preventive fraction: 29% of goitre cases in a hypothetical popu-
lation without use of OC was prevented by use of OC in this cohort
assuming a causal association. The strong association, concordance
with the few previous studies, support from experimental data, and
a similar trend for postmenopausal estrogen substitution supported
such a causal association.

There were no significant differences in nodule prevalence,
though the tendency was a reduced prevalence of nodules as well.
Similarly to previous studies, serum TSH was slightly higher in users
of OC. Differences were also found for serum free T3 and free T4
with higher levels of T3 and lower levels of T4, but these differences
should be interpreted with reservations, as assays may not be able to
produce comparable values between the groups due to the large
variations in serum thyroid hormone binding globulin (TBG) (224,
225). Serum Tg was slightly higher among users of OC.

Similar differences were found in postmenopausal women be-
tween users of estrogen hormone replacement therapy and non-
users (X). These differences were not statistically significant, as they
were slightly less pronounced, the number of participants was
smaller, and variation in thyroid volume was larger among the
elderly.
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Pathogenesis

An overview of the pathogenesis of the association between goitre
and OC is not easily provided, as it may be a combination of several
interplays between estrogens and thyroid function, and each of these
interplays have not been described in detail.

Some of the described effects of estrogens on the thyroid would
rather be associated with an increased goitre prevalence: Increased
TBG concentration leading to higher levels of total T3 and T4 in or-
der to obtain unchanged levels of free hormones, and increased de-
iodinase activity leading to increased turnover of thyroid hormones
(226). The latter mechanism might explain the increased T3/T4 ra-
tio. Androgens could play a role, as androgens have been shown to
inhibit proliferation of thyroid follicular cells (227); the levels of an-
drogen are lower under estrogen therapy, however (228). Another ef-
fect in play may be inhibition by estrogens of the expression of the
Na/I symporter (214), and iodine uptake (229). This could explain
the elevated serum Tg levels in users of OC, as Tg is a very sensitive
marker of iodine status as discussed in a previous chapter. Further-
more, increased Tg RNA levels were found after addition of estradiol
to cultured thyroid follicles (215). The same study suggested in-
creased thyroid growth with estrogens, though unchanged levels of
the c-myc proto-oncogene were found, even if this is normally asso-
ciated with thyroid growth. Increased sensitivity of the pituitary to
TRH during use of OC might explain the slightly higher serum TSH
levels (230, 231), but it does not explain the lower thyroid volumes.
The higher serum TSH levels could also be secondary to increased
demands for T4 because of the increased TBG levels. This could be
parallel to increased demands for T4 substitution with estrogen ther-
apy (232). Impaired binding of TSH to thyrocytes has been reported
with high-dose estrogen administration to rats (233), but the rele-
vance for pharmacological doses of estrogens in women is unknown.

Other mechanisms are most likely responsible for the decreased
thyroid volumes in users of OC. A possibility is the suppression of
estrogen metabolites with toxic effect on the thyroid, metabolites
that are not generated in the metabolism of the ethinylestradiol in
OC. Such a toxic effect was reported for 2-methoxyestradiol, a me-
tabolite of the naturally occurring 17B-estradiol, with changes in
thyroid morphology and increased apoptosis (234).

We also suggested another possibility, based on the observation
that LH and FSH binds to and stimulates the TSH receptor (235-
237). Such stimulation was not unexpected, as large structural simi-
larities between the gonadotropins and TSH are present with identi-
cal a-chains. hCG is known to stimulate the TSH receptor during
pregnancy, sometimes leading to completely suppressed TSH levels
(238). With suppression of LH and FSH during therapy with OC
and with postmenopausal estrogen therapy (228), less stimulation
of thyroid growth could be a consequence. We observed an in-
creased thyroid volume among subjects previously under work-up
for infertility independent from present parity status (unpublished
data). This could be a consequence of increased LH levels in infertil-
ity either as part of the pathogenesis of infertility (239) or as conse-
quence of the treatment. Also levels of estrogens in serum may be
different under these conditions, however.

Conclusion

Use of oral contraceptives is associated with a decreased risk of
goitre. Indications of causality were found with a strong association
and no confounding from other life-style-associated factors. How-
ever, even if such a causal association was confirmed, OC have no
obvious place in the prevention of thyroid disease due to other ef-
fects and side effects of OC use. Experimental data suggest possible
mechanisms for an association, but the pathogenesis of this associ-
ation remains to be settled; it is probably a combination of several
direct and indirect effects of sex steroids on the thyroid.

PARITY
Pregnancies have been claimed to explain the gender difference in
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Figure 11. The association between thyroid volume and parity in two
Danish regions with mild and moderate iodine deficiency, respectively.
Data from 3,361 unselected women with no previous thyroid disease and
without present or recent pregnancy. Figures are mean values from a lin-
ear model after adjustment for age and use of oral contraceptives; thyroid
volume was analysed after logarithmic transformation. Vertical bars repre-
sent Standard Error. Comparison of parous to nulliparous in moderate iod-
ine deficiency, p<0.001; in mild iodine deficiency, p=0.24. Figure from (XI).

goitre prevalence. At least, the increased goitre prevalence observed
during pregnancies could contribute to the higher occurrence of
goitre among women (238).

Epidemiology

There are two major arguments against pregnancy as a major ex-
planatory factor for the gender difference in goitre prevalence.
Firstly, the gender difference is present already in adolescents (15,
240). Secondly, whereas the gender difference is a constant phenom-
enon from all investigations, pregnancy only seemed associated with
goitre prevalence or thyroid volume in iodine-deficient areas (241-
247). In iodine-sufficient areas, no association has been found
(248-251). A comparative study of palpable goitre revealed no
increase in goitre prevalence during pregnancy in an iodine-replete
area, but a goitre prevalence twice as high in pregnancy as in
controls in an iodine-deficient area (252). The long-term conse-
quences of pregnancies for goitre prevalence have only been evalu-
ated in few studies, as the follow-up in the studies above was no
more than one year. In a small study from an iodine-sufficient area,
no association between parity and thyroid volume was found (129),
but in a study from an area with moderate iodine deficiency, a
pronounced, positive association between parity and thyroid vol-
ume was found (253). In our comparative study, the association be-
tween parity and thyroid volume was strongest in the area with the
most pronounced iodine deficiency (XI) (Figure 11) also after ad-
justment for amongst other things various life-style factors, use of
OC, and Body Surface Area. Thus, even the long-term effects of
pregnancy on thyroid volume depend on iodine status. The associa-
tion between parity and serum Tg was quite parallel with the associ-
ation between parity and thyroid volume in our study (unpublished
data).

One previous study found an association between parity and
thyroid nodules, apparently in a univariate analysis (254). We
also found this association in a univariate analysis, but after adjust-
ment for age, no association was found (XI). Apart from the differ-
ence in statistical methods, also the older age of the women in the
German study may explain their positive association. Further, a dif-
ference in iodine status could attribute to the discrepancy, but
iodine excretion was supposedly similar in the two studies. An in-
crease in thyroid nodule volume during pregnancy was observed in
an area with borderline iodine deficiency (255), but with no blind-
ing and no control group the validity of the small differences re-
mains unsettled.
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Figure 12. The dependency to smoking of the association between parity
and thyroid volume. Data from 3,361 unselected women with no previous
thyroid disease and without present or recent pregnancy. Figures are
means in a linear model after adjustment for region of inhabitancy, age
and use of oral contraceptives; logarithmic transformation of thyroid vol-
umes was used in the analyses. Vertical bars represent Standard Error.
Comparison of parous to nulliparous women within each group according
to smoking habits: never smokers, p=0.82; ex-smokers, p=0.27: moderate
and heavy smokers, p<0.001. Figure from (XI).

Mechanism

The iodine-dependency of the association between pregnancy and
goitre seems clear and is supported by successful prevention by
iodine supplementation (244, 246, 256, 257). Increased iodine de-
mands throughout gestation may lead to aggravation of existing
iodine-deficiency disorders when these increased demands are not
met (238), and increased renal loss of iodine through gestation may
aggravate the iodine deficiency (258).

We observed synergistic effects of parity and smoking on thyroid
volume (Figure 12), and also of parity and degree of iodine defi-
ciency (XI). Both synergies are in line with the iodine-dependency
of the association, as also smoking seems to exert a goitrogenic effect
through aggravation of iodine deficiency (IX). The association be-
tween thyroid volume and parity was weaker in the oldest age group
(XI), indicating that pregnancies accelerate the iodine-deficiency in-
duced changes in the thyroid, changes that may have appeared un-
der all circumstances, but at a later time. Another possibility is that
other, stronger risk factors dominate in old age. Smoking had a sim-
ilar, age-dependent association (IX) further supporting that parity
and smoking influence goitre prevalence by similar mechanisms:
worsening of iodine deficiency.

Conclusion

Pregnancy is associated with increased thyroid volume and in-
creased goitre prevalence in iodine-sufficient areas but not in
iodine-replete areas. A similar pattern applies to the association with
previous pregnancies, but the association was weaker in elderly
women; nullipara may have a later “catch-up” growth of the thyroid
due to the low iodine intake. Apart from the interaction with iodine
status, a synergistic effect with smoking was identified. Thus, the
impact of parity is most likely mediated by aggravation of existing
iodine deficiency.
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SOCIAL IMBALANCES

Epidemiology

Few studies have investigated the association between social status
and the occurrence of thyroid disease. A higher prevalence of goitre
was found among children from low socio-economic levels than
among children from higher socio-economic levels (259-263), but
this was not confirmed in the three other available studies (264-
266). Most of these studies were performed in developing countries,
and they all only used palpation of the thyroid as marker of thyroid
enlargement.

We used educational level as a marker of socio-economic status
and found significant associations between educational level and se-
rum thyroglobulin, thyroid volume, goitre prevalence, and preva-
lence of thyroid multinodularity with lower occurrence of goitre
and thyroid nodules among participants with a high educational
level (XIII). This association was still significant after adjustment for
other known risk factors in the statistical models but diminished
considerably. Especially inclusion of tobacco smoking and iodine
excretion affected the associations. An association with thyroid vol-
ume or serum thyroglobulin was found for most other investigated
variables indicative of living conditions such as housing (higher se-
rum Tg among tenants than house-owners) and work (higher se-
rum Tg among blue-collar workers than among white-collar work-
ers). These associations were found in simple statistical models ad-
justing only for age, gender and region of inhabitancy but became
insignificant after adjustment for smoking and other life-style asso-
ciated factors.

Interpretation

It seems reasonable to assume that the association between educa-
tional level and thyroid disease is not mediated by education per se.
Rather, education is a marker of living conditions and life-style, and
these variables are associated with thyroid disease. We demonstrated
that the association was mediated to some extent by tobacco smok-
ing and iodine intake, which is in accordance with a lower frequency
of smoking and a more varied food intake in higher socio-economic
groups. Other factors are possibly involved. Deficiency of other mi-
cronutrients could be associated with an increased risk of thyroid
disease as it has been shown for iron deficiency (267, 268). Still, re-
sidual confounding is another possibility leaving space for an even
further part explained by smoking and the iodine contents of in-
gested food.

COMBINATION OF RISKS

From the analyses in the first “DanThyr” cohort it is possible to
identify certain groups with an increased risk of goitre and other
thyroid disease. It is statistically correct to combine risk estimates
such as odds ratios by multiplication if they are obtained in the same
analysis, given that the basal conditions for the statistical model are
fulfilled and statistical interactions are taken into account. The ap-
propriateness can be estimated with for instance a goodness-of-fit
test (Hosmer-Lemeshow).

In our case, the identified statistical interactions hamper combi-
nation of different risks, as the most correct model combining all
risk factors would include too many subgroups for a reliable analy-
sis. Consequently the examples below do not combine all risk fac-
tors or ignore some interactions.

It can be estimated for the premenopausal female population in
our cohort without interactions in the model that a high-risk group
of present smokers, with alcohol consumption less than seven
drinks per week, without use of oral contraceptives, and with at least
one childbirth has an odds ratio for thyroid enlargement at ultra-
sonography of 8.3 compared with a low-risk group without smok-
ing, drinking 8 drinks or more per week, taking oral contraceptives,
and without previous childbirths. For palpable and visible goitre at
the clinical examination the odds ratio was 12.0 comparing the
groups with high and low risk. If region of inhabitancy was included
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adding moderate iodine deficiency to the high-risk group and only
mild iodine deficiency to the low-risk group, the odds ratio was 13.7
for thyroid enlargement and 20.9 for clinical goitre. An adjustment
for age was made in all models, and the goodness-of-fit showed p
values around 0.8 indicating good agreement between the estimates
and the observed data.

Comparing these odds ratios with observed prevalences of goitre
in the groups, the impact from childbirths was ignored, as age ad-
justment was not possible for the observed data and particularly
parity was very age dependent. The high-risk group with tobacco
smoking, low alcohol consumption and no use of oral contracep-
tives included 671 women, and the prevalence of thyroid enlarge-
ment was 32.9% in this high-risk group compared to 4.3% among
the 115 women in the low-risk group. The prevalence of clinical
goitre was 7.2% in the high-risk group, and no case of goitre was ob-
served in the low risk group.

In a model taking all interactions into consideration the picture
was similar. The analysis was, because of the interactions, restricted
to women aged 40 to 45 years living in Aalborg. The high-risk group
with smoking, low alcohol consumption, previous childbirth and no
use of oral contraceptives had an odds ratio for thyroid enlargement
of 13.9 compared with the corresponding low-risk group.

As mentioned, these figures should be interpreted with some
reservation as the confidence intervals are wide and not directly
calculable, and the handling of interactions was difficult. The ap-
parent correspondence between the statistical models and the
observed values does not serve as a validation of the statistical
model. These calculations illustrate, however, the remarkable im-
pact of life-style on the risk for goitre with an approximately ten-
fold increased risk of goitre for a group with an inexpedient combi-
nation of these life-style related variables even when iodine status
was not included.

The risk estimates are for mild degrees of thyroid disease and may
not be transmittable to clinical cases. As the risk factors were more
important for goitre than the cases only identified by ultrasonogra-
phy, it could be speculated by extrapolation that these risk factors
would also have greater impact on the occurrence of more severe
disease. A great number of clinical cases would be required to test
this hypothesis, and the selection bias would make data difficult to
interpret.

PREVENTION

The major preventive initiative against goitre has been eradication
of iodine deficiency. Today iodization programmes affect more than
%5 of the population of the 130 countries exposed to iodine defi-
ciency (25), and implementation and regulation of iodization pro-
grammes, primarily through iodization of salt, should still have high
priority. In many regions — also in Denmark as demonstrated from
“DanThyr” and in other parts of Europe — the iodine supply is still
not sufficient.

During the past decade, the specific aim of iodization pro-
grammes has been discussed with the growing awareness of possible
side effects of iodine excess both temporarily after an increase in
iodine intake and in the long run (16). Iodine-induced thyrotoxico-
sis has been described following many iodization programmes
(269). Further, it has now been demonstrated that a close, positive
association exists between iodine intake and the incidence of
hypothyroidism over the entire spectre of iodine intake from mod-
erate iodine deficiency to iodine excess.

The goal on the other hand is to prevent iodine deficiency disor-
ders (IDD). Previously, goitre prevalence among children and ado-
lescent has been the preferred parameter for monitoring of IDD, but
this may not be a sufficiently sensitive parameter. A high occurrence
of multinodular goitre among the elderly in a population is seen as a
consequence of iodine deficiency even in populations where goitre is
not endemic among children, and the level of iodine intake suffi-
cient to prevent the high prevalence of thyroid multinodularity
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among the elderly is not known today. Suggestions of 120-150
Mg/day as sufficient to prevent IDD have been made with a target of
iodization programmes at 120-220 Mg total daily iodine intake
(123).

The delicate balance is thus between prevention of goitre and
multinodular goitre with hyperthyroidism in iodine deficiency on
one hand and prevention of hypothyroidism in iodine excess on the
other hand. The balance has large implications also for the occur-
rence of the possible complications to thyroid dysfunction such as
heart disease and osteoporosis in hyperthyroidism and cardiovascu-
lar disease and dementia in hypothyroidism. These complications
are even associated with mild and unrecognised thyroid dysfunction
(270-272), which is found with a high prevalence in many popula-
tions (Table 7).

Monitoring of IDD should accordingly include different groups
in the society. Children are often easily accessible for logistic rea-
sons, but in areas with mild iodine deficiency also groups with max-
imal risk should be investigated such as elderly subjects and preg-
nant women. Measurements of iodine excretion and thyroid volume
at ultrasonography are standard methods today, but serum thy-
roglobulin may prove to be a valid supplement or alternative.

We demonstrated a population attributable fraction of 48% of to-
bacco smoking on the prevalence of clinically detectable goitre (IX).
Thus, smoking is a major risk factor with a large potential for pre-
vention. Still, goitre will not be the major argument against smoking
in population-based initiatives. But for subjects with beginning
goitres or subjects otherwise disposed for goitre, smoking cessation
could be of great benefit, and individual counselling should be
given. This is hopefully already the case in relation to subjects with
Graves’ disease or predisposition for the disease.

The social imbalances in goitre prevalence underline the impact
of life-style on thyroid disease. Smoking habits explained some of
the difference between educational groups, and iodine intake and
thereby choice of food explained another part of the variation. Still,
some of the association with education has not been accounted for,
and other life-style interventions yet to be described might be of
benefit.

As the association between goitre and parity is mediated by un-
met iodine demands during pregnancy, the increased risk during
and after pregnancy is preventable. Successful iodization pro-
grammes may eradicate the risk of goitre associated with pregnancy,
but until this is accomplished, and possibly also in a population
with an optimal but not excessive iodine intake, other initiatives
should be taken to ensure adequate iodine supply to pregnant
women. This is for the sake of the mother, but even more important
for prevention of IDD in the foetus. Administration of 150 Hg
iodine daily to pregnant women does not increase the risk of post
partum thyroiditis, though this could theoretically be apprehended
(273).

The association between alcohol intake and goitre is less estab-
lished. Under all circumstances, the value of alcohol in prevention of
goitre is limited, as the amounts required to obtain a clinically rele-
vant reduction in risk of goitre is of a magnitude that may be associ-
ated with increased morbidity from other diseases. However, the
beneficial effect of a low to moderate alcohol consumption that has
been described on the risk of cardiovascular disease also seem to ap-
ply for the risk of goitre, but at higher doses.

Goitre prevalence was markedly reduced among users of oral con-
traceptives, and the impact of oral contraceptives was illustrated by
the preventive fraction of 29% (assuming causal relationship), indi-
cating that goitre prevalence would have been almost 50% higher
without use of oral contraceptives in our cohort. Due to the other
effects and side effects of oral contraceptives, goitre prevention can
only be a minor point in the choice of contraception. The increased
risk of goitre with use of oral contraceptives that could have been
anticipated from experimental studies was, however, effectively ex-
cluded by our study.
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OVERALL CONCLUSION

The major risk factor for thyroid disease is iodine deficiency. Iodine
status influences the overall prevalence of benign thyroid disease,
but iodine intake also influences the relationship between different
types of thyroid disease. Non-toxic goitre and multinodular toxic
goitre have a close, positive association with iodine deficiency,
whereas the incidence of hypothyroidism has a positive association
with iodine intake, and Graves disease probably also has a positive
association with iodine intake though less pronounced. The benefits
of iodine supplementation in areas with iodine deficiency are undis-
putable, but iodine intake should only be increased to a level suffi-
cient to prevent iodine deficiency disorders, probably around 150
Mg/day. As it is a delicate balance to reach to optimal level of iodine
intake, monitoring of iodization programmes is mandatory, and the
“DanThyr” project provides such monitoring of effects and possible
side effects in Denmark with validated methods.

Other important risk factors have been identified. Smoking is
probably the most important life-style factor with impact on the oc-
currence of thyroid disease. As risk factor for goitre, the importance
of smoking is dependent on iodine status, and the importance
should diminish with implementation of successful iodization pro-
grammes. Parity is another risk factor that may be of less impor-
tance after eradication of iodine deficiency. Moderate alcohol con-
sumption as preventive factor needs confirmation from other stud-
ies and elucidation of possible mechanisms, but has no place in
prevention of goitre. Oral contraceptives seemed to have a promi-
nent preventive effect against goitre. This may inspire for further ex-
perimental research on the interplay between sex steroids and the
thyroid, and give clues to an explanation of the gender difference in
the occurrence of thyroid disease.

Further research should be encouraged in the field of thyroid epi-
demiology and interplay between life-style and thyroid disease, as
the aetiology of thyroid diseases is still only briefly described. A spe-
cial challenge will be investigation of interactions between different
environmental factors, and the investigation of gene-environment
interactions. Considerable morbidity and costs for the health care
system 1is still preventable through prevention of thyroid disease.
What is the optimal level of iodine intake, and how is this level best
achieved? Which life-style interventions could supplement the opti-
misation of iodine intake?

SUMMARY

METHODOLOGY

In thyroid epidemiology, the most widely used estimate of iodine in-
take is iodine concentration in spot urine samples. This estimate is
only valid at the population level, and if individualisation of the esti-
mate is required as in regression models, stratified analyses, or with
investigation of selected groups of the population, we suggested the
use of an age- and sex adjusted iodine/creatinine ratio. This is still
not a precise estimate of the individual’s habitual iodine intake, but
the correlation with 24- hour iodine excretion and other markers of
iodine status was satisfactory.

Thyroid volume measured with ultrasonography has been the
preferred marker of iodine deficiency in epidemiological studies in
the last decades. It is, however, a subjective parameter, which ham-
pers comparisons from different investigators. Marked differences
between observers were recently demonstrated even if similar equip-
ment was used. We suggested standardized measuring procedures to
improve the comparability of studies, and we demonstrated that re-
sults from different investigators were unbiased for thyroid volume
and number of thyroid nodules but not for echogenecity and echo
pattern.

It appeared that serum thyroglobulin was a better indicator of
iodine status in a population than thyroid volume. It could be even
better than iodine excretion in spot urine samples — also with the
use of the adjusted iodine/creatinine ratio — and in some cases easier
to apply. Serum thyroglobulin is closely related to thyroid volume,
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thyroid nodules and thyroid function, but it may also have a direct
association with iodine status independent from the structural and
functional differences associated with iodine deficiency. Thus, se-
rum thyroglobulin measurements may deserve a more prominent
position in thyroid epidemiology, especially when focus is on meas-
uring and monitoring iodine deficiency.

IODINE DEFICIENCY

Severe iodine deficiency is associated with increased goitre preva-
lence especially among adolescents and young adults. In areas with
mild to moderate iodine deficiency, an increase in thyroid volume is
seen particularly in the age between 30 and 40 years, but the goitre
prevalence continues to increase at least up to the age around 70
years. This is accompanied by an increase in the occurrence of mul-
tiple thyroid nodules, a decrease in serum TSH levels, and an in-
crease in the incidence of toxic multinodular goitre in older ages.
This is in accordance with the conception of the natural history of
iodine-deficiency goitre as an initial diffuse goitre followed by devel-
opment of nodular hyperplasia and later thyroid autonomy of these
nodules, eventually leading to toxic multinodular goitre. The molecu-
lar background for these macroscopic changes is not known in de-
tail. Somatic mutations and unspecific growth stimulation whether
mediated by TSH or other growth promoters seem involved. We
could demonstrate a high occurrence of goitre in Denmark com-
pared with iodine-sufficient areas. Even a modest difference in
iodine excretion the two regions in our DanThyr study was associ-
ated with a 50% difference in the occurrence of goitre or thyroid en-
largement.

A low prevalence of primary hypothyroidism is observed in
iodine-deficient areas. The tendency also seems to be slightly lower
incidence of Graves’ disease and possibly a later age of onset. We
found high prevalences and incidences of hyperthyroidism, but low
occurrence of hypothyroidism in Denmark compared to iodine-suf-
ficient areas, and these differences were most pronounced in the re-
gion with the most pronounced iodine deficiency. Thus, the associ-
ation between hypothyroidism and iodine status is present already
in moderate to mild iodine deficiency. This association may be
caused by the direct inhibitory effect of iodine on thyroid function.
The interplay between thyroid autoimmunity and iodine intake has
not been settled in detail.

OTHER RISK FACTORS

From previous studies, conflicting results have been published con-
cerning the association between tobacco smoking and goitre. Apart
from methodological differences it is now clear that iodine status of
the investigated cohorts explain a major part of the difference. In
iodine-deficient areas, a clear, positive association between smoking
and goitre is seen, whereas the association is less pronounced or
even absent in iodine-sufficient areas. This synergistic effect of
smoking and iodine deficiency was confirmed by the interactions
in our study. Also thyroid multinodularity was associated with
smoking.

In a recent Danish study, a positive association between overt hy-
pothyroidism and smoking was found, whereas conflicting results
have been reported previously. In our study, mild hypothyroidism
was negatively associated with smoking whereas we found no associ-
ation between smoking and hyperthyroidism. Most of these associ-
ations could be explained by the blocking of iodine uptake and -or-
ganification by thiocyanate generated from cyanide in tobacco
smoke, as the effects mimic the effects of low iodine intake. The con-
flicting results concerning hypothyroidism could be caused by com-
peting causes of hypothyroidism; the blocking of iodine uptake by
tobacco smoke may protect against mild hypothyroidism, whereas
severe hypothyroidism is increased among smokers due to induc-
tion of autoimmunity. Correspondingly, a close association between
smoking and Graves’ disease and especially ophthalmopathy has
previously been described. The mechanism behind this association
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is not known in detail but it probably involves modulation of en-
dogenous immunosuppression and cytokine production.

Previously two smaller studies found a low occurrence of goitre
among alcoholics. A moderate to high alcohol intake was associated
with a low prevalence of goitre and solitary thyroid nodules in our
study. This association did not seem to be driven by different iodine
status or different life style in the alcohol intake groups. No other
study with a sufficient number of observations has reported on this
association. Among alcoholics, thyroid fibrosis was found, but with
low serum Tg levels among alcohol consumers in our study, the
mechanism may be different, and the association within low to
moderate alcohol consumption remains to be further elucidated.

In two previous epidemiological studies a low occurrence of
goitre among users of oral contraceptives was found, and recently
also low occurrence of hyperthyroidism was found among users of
OC. We found similarly that the odds ratio for goitre was 0.25 for
users of OC compared to non-users. Multiple pathogenetic path-
ways for such an association are possible. Experimental studies
could support a goitrogenic effect of particular metabolites of the
genuine 17-f3 estradiol, metabolites suppressed with administration
of the artificial ethinyl estradiol. Also suppression of a thyroid stim-
ulating effect of LH or FSH, or impaired binding of TSH to thyro-
cytes under estrogen administration may be involved.

An increased prevalence of goitre and increased thyroid volumes
during pregnancy have previously been reported from iodine-defi-
cient areas, whereas no association has been found in iodine-suffi-
cient areas. The few previous studies with data on the long-term as-
sociation between pregnancies and thyroid volume confirm this
synergy between iodine status and parity in the association with
goitre. Previous pregnancies were associated with increased goitre
prevalence and increased thyroid volumes in the DanThyr cohort
but only when combined with iodine deficiency or tobacco smok-
ing. This is all compatible with a goitrogenic effect of pregnancies
due to increased iodine demands during pregnancy, demands that
are not met in iodine-deficient areas.

Social imbalances in the occurrence of goitre have been investi-
gated in a few studies but with conflicting results, possibly because
of imprecise methods. We found goitre and thyroid nodules with
higher prevalence in groups with a low educational level. This could
in part be explained by a higher prevalence of tobacco smoking and
lower iodine intake in the groups with short education.

CONCLUSION

Todine is a major risk factor for goitre also in Denmark, and even
modest regional differences in iodine excretion seemed associated
with marked differences in the occurrence of thyroid disease. An io-
dization programme seems justified, but due to possible side effects,
monitoring is mandatory, and the optimal level of iodine intake still
needs to be established. Other risk factors also play an important
role, some in interaction with iodine deficiency. Still, knowledge of
some of these other factors and possible mechanisms is limited, and
further research in risk factors, interactions, and interplay with gen-
etic factors is needed.
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