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Chapter 1.
Introduction,
The studies described in this thesis concentrate OIl epidemiological and pathogenetic aspects
of postpartum thyroid dysfunction (PPTD) and related topics, and on epidemiological and
treatment aspects of thyroid cancer. The studies were petfonned in the southeastern part of
the Netherlands and included prospective studies in a representative cohort of women followed
dming pregnancy and in the first postpartum year, and retrospective studies on thyroid cancer
based on data derived from the population-based Eindhoven Cancer Registry.
In the first chapter a general introduction is given 011 the epidemiology of thyroid diseases in
the Netherlands (Chapter 1.1), followed by a discussion on clinical aspects of PPTD and
thyroid cancer (Chapters 1.2 and 1,3), Thereafter the specific aims of the present studies are
formulated (Chapter 1.4),
1.1. Epidemiology of thyroid diseases in The Netherlands,
Infonnation about the epidemiology of thyroid diseases in the Netherlands is scarce and
fragmented. Data have been obtained from different sources, such as from reports of screening programmes, general practice registration projects. hospital based registries or popUlation
based registries (e.g. the Dutch Cancer Registry). To be able to put our data in perspective, an
introduction to some epidemiological data concerning the most relevant thyroid disorders is
presented in short.
Congenital hypothyroidism, Since 1981, 99,5% of all live births in The Netherlands are
being screened for congenital hypothyroidism (CHT). The screening is performed within the
first week after delivery. TIle results of the screening programme show that the prevalences of
primary CHT and congenital thyrotropin (TSH) deficiency syndrome are 29/100,000 and 41
100,000 newborns, respectively (I), The prevalence of CHT is comparable to that in other
western societies (2,3). The cause of primary CHT is thyroid ectopy in 38%, thyroid agenesis
in 32% and an inborn error of thyroid hormone metabolism in 9% of the cases, respectively
(I). It can be estimated that about 60 children with CHT are being born annually in the
Netherlands (29+4/100,000*180,000 newborns),
Hyperthyroidism. Physician-based sentinel-studies have revealed an incidence of hyperthyroidism in the adult population of 0,5-1 per 1,000 persons per year (5,500 - 11,000 new
patients per year) with a male to female ratio of about onc to four (4,5,6). The incidence of
hyperthyroidism in the population-based \Vhickham Survey ill the U.K. is comparable: 0.8
per 1,000 per year in females and almost nil in males (7). The causes of hyperthyroidism in
patients referred to a COlllllluuity hospital were Graves' disease in 47%, nodular goiter in
41 %, and other causes in 12% of the cases, respectively (8),
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Hypothyroidism. The reported incidence of hypothyroidism in adults is low: 0.2-0.4 per 1,000
persons per year (2,250 - 4,500 new patients per year) (4,5,6). Spontaneous hypothyroidism
is in the majority of cases the result of thyroid autoimmunity; a (subtotal) thyroidectomy or
treatment with radioactive iodine is the cause of most of the iatrogenic cases (5,9). In the
Whickham Survey, the incidence of hypothyroidism is 4.1 per 1,000 women (3.5 per 1,000
spontaneous hypothyroidism) and 0.6 per 1,000 men per year (7).
Autoimmune lymphocytic thyroiditis is the most important cause of hypothyroid is III in adults
and the presence of thyroid peroxidase antibodies (TPOAb) in serum is a marker for this
disease. In the Netherlands, the prevalence of TPOAb in women of 20-55 years is 10-13%
(l0,1l) and in men of 20-70 years about 6% (12). These prevalences are similar to those in
other western countries (7, II). The probability of developing overt hypothyroidism is related
to the presence ofTPOAb in semm and high-normal (2.0 - 4.0 mUn) or elevated (>4.0 mUll)
TSH levels in serum: the relative risk (RR) ofTPOAb alone is S.3~8 in \vomen and 25 in men,
the RR of high-normal/elevated TSH is 8-9 in women and 44 in men and the RR ofTPOAbin
combination with high-normal/elevated TSH is 36-38 in women and 173 in men, respectively
(7,13). Although the prevalence of TPOAb and the proportional distribution of high-normal/
elevated TSH levels in the Netherlands are similar to that in the U.K., the repOlted incidence
of (spontaneous) hypothyroidism is different (4,6,7,13). This discrepancy is most probably
due to the fact that the U.K. data are derived from a population-based screening project and
the Dutch data from general practices (\vith unrecognized hypothyroidism cases).
Goiter/nodular th)lroid disease. The prevalence of goiter has decreased dramatically since the
implementation of iodine-supplementation programmes in the 30's and 40's (14-17). The
daily iodine-intake in the Netherlands is sufficient, although regional differences do exist
(15,17). However, the precise prevalences of goiter or nodular thyroid disease in the Dutch
population are unknown.
Thyroid cancer. Thyroid cancer is a rare type of cancer in the Netherlands, accounting for
<1% of all newly diagnosed cancers per year (18). The number of new patients per year
remained stable in the period 1989-94: the mean number per year (excluding non-Hodgkin's
lymphoma originating from the thyroid) was 80 for males and 224 for females, respectively;
the annual numbers of deaths related to thyroid cancer were about 30 for males and about 70
for females, respectively (18). The incidence of thyroid cancer (calculated with the European
standard population for intemational comparison) is 1.3 per 100,000 males and 2.6 per 100,000
females per year and the male to female ratio 0.5 (18). The incidence is similar to that in the
surrounding countries; however, in the Scandinavian countries the incidence in both males
and females is about twice of that in the Netherlands (19). The estimated number of patients
treated for thyroid cancer since 1970 and alive in 1995 was 2,700, based on a prevalence rate
or 10 per 100,000 men and 26 pcr 100,000 women (20).
1.2. Postpartulll thyroid dysfunction.
In 1948 Roberton was the first to describe women with symptoms of hypothyroidism in the
postpartum period whose complaints were treated succesfully with thyroid extract (21). The
syndrome of postpartum thyroid dysfunction (PPTD) remained umecognised until the seventies
when Amino et a1. and Ginsberg and \Valfish described small series of patients with periods of
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transient hypothyroidism and transient hyperthyroidism in the months following delivery
(22,23,24). Soon it was suggested that PPTD was part of the spectl'lllll of autoimlllune thyroid

diseases because of its strong association with microsomal antibodies (MsAb) in serum, the
presence of lymphocytic thyroiditis at fine needle biopsy, a familial predisposition and the
association with othercndocdne autoimmune diseases such as type-I diabetes mellihls (25,26).
In the 80's several research groups in Japan. the United Kingdom ('Vales), Sweden and Canada investigated the etiology, pathogenesis and epidemiology of PPTD.

Within the scope of this thesis, we have defined PPTD as any form of clinical thyroid
dysfunction (an abnormal TSH and an abnormal ff4 at the same time) occUlTing in the first
postpartum year.
Clinical evaluation.
During the course of PPTD different patterns of thyroid dysfunction occur: persistent or

transient hypet1hyroidism, persistent or transient hypothyroidism, or the most typical ("classic")
biphasic course with a transient thyrotoxic phase 1-3 months after delivery, a hypothyroid
phase 3-6 months after delivery, followed by recovery (27,28). Most cases are due to postpru1ulll
thyroiditis (PPT), a self-limiting destructive thyroiditis of autoimmune origin. Persistent
thyrotoxicosis is rare and is caused by an exacerbation of Graves' disease (27,29).
The dominating complaint in women with PPTD is tiredness and lack of initiative, both in the
thyrotoxic and hypothyroid phases (24,28,30,31,32). Lazarus et al. concluded that the hyperthy-

roid symptoms nervousness, weight loss, sweating, shaking hands, palpitations and heat
intolerance, were not discriminative for identifying women with thyrotoxicosis; on the other
hand, the hypothyroid symptoms lack of energy, aches and pains, memory disturbance, dty
skin and cold intolerance, were significantly more frequent in PPTD cases, and the severity of
symptomatology was related to the presence ofTPOAb rather than to the actual thyroid (dys)function (33). Depression in the postpartum may also be a sign of PPTD (34,35). However,

the OCCUITcnce of depression seems to be associated with the presence ofTPOAbindependent
of thyroid dysfunction, although women with PPTn did have more severe depressive
symptomatology (lO,33,36).
A diffuse, painless goiter is present in the nu\iority of cases (24,25,30,31,37). However, in

many cases PPTD is a disorder with mild complaints and most of the symptoms may remain
unrecognized or may be attributed to the postpartum state itself (28,34).
Laboratory testing, To confirm the diagnosis of PPTD thyroid function tests should be performed, i.e. serum TSH and serum fT4. In addition, TPOAb testing should also be peiformed.
The measurement of other antithyroid antibodies, such as anti thyroglobulin antibodies, is of

limited value. To distinguish between Graves' disease and the thyrotoxic phase of PPT a
thyroid radioactive iodine uptake (RAID) test with I2JI or 99mTc-pertechlletate scan is the test
of choice (28,34,37). The RAIU is very low in the destructive thyrotoxic phase of PPT and

high in Graves' disease high; in the late recovery phase of PPT the RAIU may be normal or
low (27,28,34).

Treatment. Most authors agree that treatment is not required in most cases, unless symptoms
me severe (27,28). In case of thyrotoxic symptoms such as palpitations or tachycardia, a short
course of propranolol can be prescribed. When hypothyroid symptoms andlor depression
occur L-thyroxine should be considered (28,38).
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Prognosis and follow-up.
\Vomen who have suffered from PPT are at risk for recurrent PPTD after a foHowing pregnancy. They nre also at risk for developing permanent hypothyroidism in future life (31,39,40,41).
The recurrence-rate ofPPTD after a following delivery is about 40% (39). The risk of developing
permanent hypothyroidism after PPTD is estimated as 20-30% in a 5 year period and is

associated with relatively high TPOAb titers, morc severe hypothyroidism and lack of a
thyrotoxic phase (28,40,41). It can be envisaged that in these women a morc severe and

prolonged autoimmune process already exists, which has resulted in a reduced functional
capacity of the thyroid. In the general population, the risk of developing permanent
hypothyroidism correlates also strongly with the presence of high TPOAb titers, especially in

combination with high normal Of increased serum TSH concentrations (7,13).
It should be advised that women who have recovered from PPTD and are positive for TPOAb
should have checked their TSH annually to discover (subclinical) hypothyroidism in time
(28).
Epidemiology.
Incidence. The incidence of PPTD varies in different ethnic groups and geographic regions,
possibly due to differences in genetical predisposition might have been missed in studies with
wide intervals between assessment points or short-term follow-up after delivery. The rep0l1ed
incidences range from 0-2% in Nliddle and Southeast Asian countries and in U.S. blacks, to 410% in the causasian population in the U.S., Canada, Northwestern Europe and Japan
(10,30,37,39,42-48). Based on studies that meet strict and uniformmethodoiogical criteria it
is likely that the most accurate estimate of the incidence of PPTD is 4-8% (10,49).
Risk factors. Several tisk factors for the development of PPTD have been identified. Of
these, the presence ofTPOAb (identical to microsomal antibodies (MsAb)) in serum is the
most prominent. The prevalence ofTPOAbinfertilewomenisabout 10%; however, in women
with PPTD the prevalence is 80% (10,49). Women positive for TPOAb in gestation or in the
early postpartulll period have a RR of 20-80 for developing PPTD (10,49). However, the
positive predictive value of TPOAb testing in pregnancy andlor postpartum is 40-70%
(10,37,44,49,50,51,52).
The associations with the presence ofHLA-DR3, -DR4 and -DR5 (40,50,51,53,54), a positive
family history for autoinUllune endocrine (thyroid) diseases (25,37,39,44,55) and the increased
risk in women with type-I diabetes mellitus (26,56,57,58) refer to a genetically defined
predisposition.
The influence of lifestyle-habits (such as smoking and diet) on the risk of developing PPTD
remains controversial. Fling et al. found smoking associated with an increased risk, in contrast to Jansson et a!. and Lazarus et al.who did not find smoking related to PPTD (33,42,44).
\Vith regard to dietary factors, the severity of PPTD has been correlated to both insufficient
and excessive iodine intake (50,59).
Histopathology of PPT.
Mizukami et a!. described the histology and immunopathology ofPPTD due to PPT based on
fifteen cases (60). The specimens for examination were obtained by performing percutaneous
needle biopsy during the hypothyroid phase or the (euthyroid) recovery phase. In the
hypothyroid and early recovery phases focal or diffuse lymphocytic infiltration was present
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in all specimens. A mild to moderate destruction next to hyperplastic changes in the follicles
was shown in al1 cases. None of the specimens showed fibrosis (as a sign of irreversible
changes as in end-stage Hashimoto's thyroiditis (61)). In the late euthyroid phase a focal
thyroiditis with mild to moderate lymphocytic infiltration and a restored architecture of the
follicles was found. Some follicles were mildly hyperplastic, but the majority had normal
sizes (60). The same histopathological patterns have also been found by other authors who
had performed percutaneous needle biopsies, and it was noted that the results of the
histopathological examinations were identical to those found in spontaneous silent thyroiditis
(62,63). An example of lymphocytic thyroiditis is shown the Figure.
Immunohistology of the lymphocytic infiltration of the thyroid revealed predominantly T
lymphocytes with an increased CD4 to CDS ratio. The follicular cells showed an intense
expression of HLA-DR antigen on their surface (60,64).

Figure. Autoimmune thyroiditis with lymphocytic infiltration, a lymphoid follicle, and
collapse and destmction of thyroid follicles. A: magnitude X I 00; B: X200. (courtesy
PJ.J.M. Klinkhamer, pathologist, Regional Institute for Pathology PAMM,
Eindhoven)
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The pathogenesis of autoimmune thyroid disease.
The primary function of the immune system is to discriminate between "self' and "non-self'
and to protect the body by eliminating infectious agents and to minimize the damage they
cause (65,66). In healthy individuals a certain reactivity towards "self' is considered to be a
normal event that is, however, controlled by several downregulating mechanisms. Disturbances
or imbalances of these downregulating mechanisms may result in an excessive immune
reactivity towards "self', causing damage ("autoimmune disease").
The pathogenic mechanisms of autoimmune thyroid disease (AITD) resulting in
hypothyroidism have primmily been studied in animal models for spontaneous and induced
autoimmune hypothyroidism. Putative animal models for Graves' disease are yet to be validated.
In patients, tissues, cells and sera are difficult to obtain, especially from the early asymptomatic
stages of the disease. However, the results of the animal studies may be extrapolated with
some caution to human autoimmune hypothyroidism.
The animal models indicate that the pathogenesis of autoimmune lymphocytic thyroiditis is
predominantly immune cell-mediated and a multistep process, requiring several abnormalities
before full blown disease develops (66,67). The following fivc phases can be discerned (67):
1. A phase of predisposition. There appears to be a genetically linked predisposition to
autoimmune reactivity to thyroid antigens. In animal models a specific make up of the MHCmolecule contributes to excessive autoimmune reactivity towards particular autoantigens. In
humans PPT is positively associated with the presence of HLA-DR3, -DR4 and -DR5 and
negatively with HLA-DR2 (40,51,53,54,66). It is thought that some thyroidal antigens combine better with certain MHC haplotypes. It is also possible that the association with these
haplotypes simply points in the direction of a genetic make up prone to a high autoimmune
reactivity in general.
2. An initial phase. The first leucocytes entering the thyroid during the onset of disease are
monocyte-derived cells, such as macrophages and dendritic cells. Particularly dendritic cells
have been identified as the first immune cells invading endocrine organs such as the thyroid
and the pancreas in the process of thyroiditis and insulitis (68,69). These dendritic cells are
the antigen-presenting cells par excellence, and they abundantly express both MHC class-I
and class-II molecules on their surface (70). The mechanism by which dendritic cells start to
accumulate in the thyroid in the absence of antigenic stimulation is still unknown, but it is
1ikely that various mechanisms may playa role. Firstly, local tissue damage caused by factors
such as viral infections or environmental factors (e.g. drugs, diet, iodine-intake) may trigger
this process (71,72). Secondly, locally released factors from hyperactive thyrocytes may also
playa role. These factors may activate the endothelium to express high levels of adhesion
molecules, which make them more adhesive for passing leucocytes (72). Extravasation of
leucocytes is promoted by an activated endotheliuIll. In this phase of the disease, the thyroid
follicle cells do not express MHC class-II molecules.
3. A phase of an excessive production of autoreactive T cells and autoantibodies. 11le dendritic
cells descended from the thyroid transport thyroid autoantigens via the lymph to the draining
regional lymph nodes. In the lymph node the dendritic cells contact T lymphocytes and will
present the autoantigens to these cells. The autoimmune reaction is started, the lymph nodes
become swollen, the T cell areas activated, the IgM-IgG isotype switch occurs, and thereafter
plasma cells (producing auto-antibodies) can easily be detected (67). In the animal models,
the basis for this aberrant excessive immune reactivity is formed by various defects, e.g. those
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occun'ing in suppressor circuits (loss of or defects in T suppressor cells), those that make T
ceUs resistant to apoptosis, and defects in dendritic cells and macrophages. In human patients,
both numerical and functional deficits of the T suppressor cell system have been reported, as
well as defects in denddtic cells and macrophages (67).
4. An effector phasc. Whether full-blown autoimmune hypothyroidism will develop depends
also on a genetically detennined susceptibility of the thyroid follicle cell. It has been supposed
that the follicle cell has an intrinsically programmed enhanced trait for aberrant MHC c1assII expression leading to more susceptibility for the immune attack or for a damaging cytokine
action. BOHazzo et al. showed that HLA-DR was abberantly expressed by thyroid follicle
cells in pateints with Graves' disease and Hashimoto's thyroiditis, whereas Honnal thyroid
cells do not express HLA-DR (73). Mizukami et al. found a more frequent and intense
expression of HLA-DR antigen on thyrocytes in the active phase of PPT compared to chronic
thyroiditis (60).
5. A phase of pel:petuation of the autoimmune reaction. In the later, more chronic phases of
the thyroid autoimmune reaction there is sometimes a development of intra thyroidal lymphoid
tissue (thyroid-associated lymphoid tisslle (TALT); comparable to the mllcosa-associated
lymphoid tissue (MALT) located in the mucosal surfaces of the gastrointestinal, respiratory
and genitourinary tracts, and consists of aggregates of non-encapsulated lymphoid tissue (65».
The hallmark ofTALT is the presence of a special post-capillary venule: the "high endothelial
venule" (HEY). HEVs are normally present in lymph nodes and MALT, and may develop at
sites of chronic inflammatory (e.g. autoimmune) processes (65). The HEY endothelial cells
interact with the circulating lymphocytes and facilitate a large influx of lymphocytes (65,72).
This eases a local perpetuation of the (chronic) autoimmune process in the thyroid. In this
phase the thyroid follicle cells close to the TALT express MHC class-II molecules on their
surface, probably induced by the locally produced cytokilles as IFN-y.
The activation of the immune system in the post partum period leading to PPT is thought to be
due to a "rebound" immunoactivation after delivery following the general immunosuppression
dudllg pregnancy (27,66).
Depression and its relation with PPTD.
Depression is a syndromal illness with both psychological and biologic components; According
to the DSM criteria, the syndrome consists of a series of diverse complaints and signs. Depressed
mood and loss of pleasure or interest are the key symptoms, other symptoms and signs are
feelings of sadness, desperation, feelings of worthlessness, anorexia or hyperphagia, loss of
concentration, slowness and insomnia or hypersomnia (74,75,76). TIlis syndrome must last
for at least two weeks and must be incapacitating. A "minor" depression is considered to be
present when a relatively sustained depressive mood exists in combination with 3 or 4 of the
above mentioned symptoms or signs. When the depression is alternating with manic episodes, the disorder is called "bipolar disorder".
There are two imp0I1ant classification systems for psychiatric diseases: the Research Diagnostic
Criteria (ROC) defined by Spitzer et al. (77) and the Diagnostic and Statistical Manual of
Mental Disorders (DSM, fourth edition) (78). According to the RDC criteria m'\ior and minor
depression can be distinguished (77). TIle DSM criteria represent a multi-axial classification
system with inclusion and exclusion criteria and was based on the RDC (78).
Depression is a multifactorial disorder and is caused by interactions between predisposing
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genetically determined factors (such as minor disturbances of the neuro~endocrjnc system),
biologic factors (such as physical disease), psychosocial factors (such as educational level),
and external stressors (such as major life events (e.g. bereavement» (74,75,79).
Depression is a major health problem in view of its high prevalence: the one-year prevalence
in women 25-44 years is about lO% in The Netherlands (80). Depression is also frequently
present in pregnancy and after delivery: Pop and O'Hara found 7-8% of pregnant women
depressed in the second half of pregnancy, and in the postpartum period 10-14% of the women
were depressed at different time points (81,82). Harris et a!. found very high cumulative
incidences of depression in postpartum women: 43% of women negative for antithyroid
antibodies and 63% of the women positive for antithyroid antibodies were depressed at 1 to 4
time points in the first postpartum year (36).
TIle association between depression and thyroid discases, in parlicular lymphocytic thyroiditis,
is wel1known and has been described in many case reports and clinical studies. Patients with
either hyper- Of hypothyroidism may present with depression as the most prominent symptom;
vice versa, depressed patients may show an increased prevalence of thyroid dysfunction
(9,10, 12,83,84). In general, depression is more pronounced in hypothyroid than in hyperthyroid
patients.

The results of recent studies indicated that depression is not merely the result of the thyroid
dysfunction, but seems to be related to the presence ofTPOAb(10,11,12,36). This association
between the presence of TPOAb (as sign of an early form of lymphocytic thyroiditis) and
depression may be rooted in an interaction between the central nervous system (and its reaction
on stressful life events) and the immune system, and/or vice versa (85,86). Probably patients
at risk for AITD are more sensitive for extemal stressors acting via the nervous system;
aitematively, the correlation between autoimmune lymphocytic thyroiditis and depression
indicates a genetically linked predisposition for both disorders.
1.3. Thyroid cancer.
Epidemiology.
Incidence. Thyroid cancer is a rare malignancy: in the Netherlands it represents about 0.5%
of all new cancers diagnosed in 1994 (18). The incidence in the Netherlands is similar to that
in the slln-ounding countries, but lower than in the Scandinavian countries (see Table 1) (19).
The highest incidences are found in Iceland, in Filipinos in the U.S., and in French Polynesia
(see Table 1).
The incidence rates for papillary and follicular thyroid cancer have been increasing in the
period 1950-85 and decreasing slightly thereafter (87-90). The increasing incidence of the
papillary type is thought to be due to the wide use of radiation treatment for benign head and
neck disorders between 1930 and 1960 andlor changes in dietary habits (90).
Risk factors. 111e only well recognized lisk factor for thyroid cancer (in particular the papillary
type) is the exposure to external irradiation for repeated diagnostic and therapeutical reasons
and accidental exposure at a young age (e.g. exposure to high doses of 131 1 after the Chernobyl
accident in 1986) (90-93). The excess risk appeared to be related to age (children <5 yrs. had
the highest risk) and dose (a higher dose revealed a higher risk); adults who were exposed to
irradiation did not show an increased risk (90,92).
Other putative determinants described in various studies are:
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- iodine-intake: both deficient and excessive iodine-intake were found to be associated with
thyroid cancer (90,92,94,95). In regions with endemic goiter due to delicient iodine-intake
the prevalence of follicular thyroid cancer appeared to be higher (92,94);
- diet: many epidemiological studies were performed to identify dietary factors associated
with thyroid cancer. A reduced risk associated with vegetable intake was common to all studies, the results regarding fish intake, however, were inconsistent (90,93,95,96);

- pre-existent thyroid disease: the results of recently published studies have shown a correlation
between a pre-existent goiter or pre-existent nodules in the thyroid and the risk of developing
thyroid cancer (90,92,93,96,97). At the saIlle tiIlle, patients with a chronic lymphocytic
thyroiditis appear to exhibit a greatly increased risk of malignant lymphoma of the thyroid
(98);
- genetic factors: medullary thyroid cancers are part of the inherited multiple endocrine
neoplasia type-2 (MEN-2) syndromes or familial type in about half of the cases, and a small
proportion of the papillary types is part of the Gardner's syndrome (92,99,100,101);
- environmental factors: accidental contact with (undefined) chemicals and occupational
exposure to dioxins have been associated with an increased risk for (papillary) thyroid cancer
(93,102);
- honnonul and reproductive factors: the striking male to female-ratio of 1 to 3 in thyroid
cancer (as in other thyroid diseases) suggested that hormonal factors are involved in the development. In studies from Ron et at, Preston-Mattin et a1. and Kolonel et a1. an association between miscarriages and/or multiparity and thyroid cancer was found (96,97,103); Akslen et
al., however, failed to confinn this association (l04).
Histological types.
The great majority (95%) of thyroid cancers me carcinomas originating from thyroid epithelial
cells. The revised World Health Organization (WHO) classification includes as epithelial
hUl10urs the well-differentiated papillary (including mixed papillary-follicular) and follicular
carcinomas, medullary carcinoma and the undifferentiated (anaplastic) carcinomas (105,106).
TIle papillary, follicular and anaplastic carcinomas all arise from the thyroid follicular cell;
medullary carcinoma arises from the calcitonin-producing parafollicular C cell (105,106).
A distinct categOlY are the malignant lymphomas (almost all non-Hodgkin's lymphomas)
(105,106). In the past, these malignancies were often diagnosed as small-cell carcinomas.
The majority of primary thyroid lymphomas arise on a background of chronic lymphocytic
thyroiditis (98,105).
The relative frequencies of the various histological types of the tumours are different in the
various geographic regions and populations. This can in part be explained by differences in
the distribution of risk factors and variations of diagnostic and pathologic procedures.
TNM and other clinical staging systems.
Clinical staging systems in oncology have been developed for facilitating treatment desicions,
for predicting the patient's outcome and for comparison of studies on treatment and prognosis. Various staging classifications for thyroid cancer have been developed in the last decades
(107-112). The most wellkllown of these staging systems is the TNM classification, which is
based on the anatomic extent of the cancer and this classification has been adapted several
times. The most recent version is shown in Table 2 (lll).
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The various staging systems for thyroid cancer have been reviewed and evaluated, and it was
concluded that the staging systems yielded comparable results in predicting prognosis.
Therefore it was recommended to use the widely accepted and universally available TNM
classification for the staging of thyroid cancer (112).

Prognosis and prognostic factors
The prognosis for patients with papillary and fa11iellIar thyroid cancer is very good: the relative
5- and IO-year survival is 80->95% in shldies both from selected patients treated in large
referral centres and from population-based cancer registdes (109,113-118). The prognosis
for anaplastic carcinoma patients, however, is extremely poor: the 5- and IO-year survival
(cmde or relative) is about 5% (116,118). Medullary thyroid cancer patients exhibit a relative
IO-year survival of 60-80% (101,116,118).
A multivmiatc analysis to identify independent prognostic factors for thyroid cancer has been
pe.formed in many studics (107,108,109,113-122). Survival appeared to be related to the
histological type of the tumour (papiHary thyroid cancer showing an extremely good pro~
gnosis versus anaplastic showing an extremely poor prognosis), cellular differentiation, stage
of disease (extent of disease) and age at diagnosis (107,108,109,113,114,115,117-122). Gender (females doing better than males) was only found to be related to survival in studies on
differentiated thyroid cancer (114,117,118,121,122).
Diagnosis and treatment.
Solitary or multiple nodules in the thyroid are frequent: the prevalence is estimated as 4% in
the general population in westem societies with a male to female ratio of 1 to 4 and an increasing
prevalence with age (123, 124). The majodty of thyoid nodules is benign. Therefore, a correct
selection of those goitrous patients who have the highest risk for a malignant tumour is essential
to prevent operations in patients who do not have a malignancy; on the other hand, a correct
diagnosis is also essential, to treat thyroid cancer patients with the most appropriate therapy.
Several diagnostic procedures are thought to distinguish between benign and malignant nodules.
In the Netherlands, two consensus development conferences have been organised in order to
define recommendations for a diagnostic strategy and treatment (125-129).
Firstly, there was agreement that the medical history and physical examination is important to
select patients with nodules suspicious for malignancy (123,124,127). Factors associated with
an increased risk are: age <20 or >60 years, male gender, a history of neck irradiation, a rapid
growth of the tumour and a family history of medullary or papillary thyroid cancer
(123,124,127,130,131). Cancer is found more often in solitmy nodules, in fixcd tumours, or
when enlarged lymph nodes an/or recurrent nerve paralysis are present (123, 124, 127,130,131).
However, most patients with thyroid cancer do not have complaints apart from a (growing)
nodule in the thyroid. Secondly, there was agreement that fine-needle aspiration biopsy is of
great value in the diagnostic procedure.
Fine-needle aspiration biopsy (FNAB). FNAB is nowadays considered to be the tcst of
choice for pre-operative sclection of patients (123,127,130,131,132). FNAB is a safe and
inexpensive test and has resulted in a better selection of patients for operation. The sensitivity
and specificity of FNAB to detect malignancy are 90-95% and 70-75%, respectively
(123,127,130,131,133). The accuracy ofFNAB depends upon the experience of the physician:
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acceptable results wil be achieved when at least 20-35 FNABs are performed per year (123).
The positive predictive value of FNAB is about 30-35%: 2 out of 3 patients \vith a positive
FNAB for malignancy did not exhibit a malignancy when operated (127,131,132,133).
Treatment. Surgcry is the initial treatment of choice for differentiated (papillary or follicular)
and medullmy thyroid cancer. However, there is conti.Iluing controversy on the extent of the
operation to be performed in cascs of differentiated thyroid cancer (110,115,117,127,134138), In the most recent studies, patients with differentiated thyroid cancer who were treated
with more extensive surgical procedures (followed by 1J1 I ablation) did show a better longterm prognosis (115,117,122). These studies involved series of selected patient from referral
centres and used different definitions of "extensive" surgery.
The Dutch consensus meeting stated that:
- a hcmithyroidectomy is the acceptable approach in case of a wel1-differentiated papillary
thyroid carcinoma confined to onc lobe and without cxtrathyroidial growth, no or ipsilateral
lymph node metastases or no distant metastascs. Hemithyroidectomy is also an acceptable
approach in case of a well-differentiated follicular carcinoma confined to one lobe and with
minimal capsular invasion and without lymph node metastases nor distant metastases;
- a total thyroidectomy followed b)' 131 1 ablation should be performed in all other cases of
differentiated thyroid canccr (127).
J311 ablation therapy is recommended for all differentiated thyroid cancer patients with rcmnant
thyroid tissue aftcr surgery (127,139,140). After thyroidectomy and J3J1 ablation, thyroxine
replacement therap)' is required. During follow-up, semm thyroglobulin testing might be helpful
in detecting recurrences (141).
A total thyroidectomy is the therapy of choice for medullary thyroid cancer because of its
multifocal origin, especially in the familial types (99,100,142).
1.4. Brief outline of this thesis.
The studies presented in this thesis fOCllS mainly on epidemiological aspects of the thyroid
disorders postparhJm thyroid dysfunction (PPTD) and thyroid cancer.
PPTD and related topics. PPTD affects 4-8% of postpartum women in the first year after
delivery. The symptomatology of PPTD consists mainly of hypothyroid related complaints.
Also, therc appears to be an intriguing association between the presence of TPOAb, PPTD
and depression. The presence ofTPOAb in gestation may serve as a marker for PPTD development, and about 70% of the women developing PPTD are positive for TPOAb in gestation.
However, ani), half of the women with TPOAb in gestation andlor in the postpartum develops
PPTD. Therefore, TPOAb testing alone is not a sufficiently reliable method for identifying
women who really will experience PPTD. On of our study aims was to see if the predictive
value of TPOAb testing could be enhanced by the combination with other anarllilcstic and
immunological determinants. Furthermore, we studied TPOAb and PPTD in relation to
depression and child development. The studies are presented as foHows:
a. anamnestic and lifestyle-related determinants for PPTD and the usefulness of these
determinants in the identification of women who will devclop PPTD (besides TPOAb)
(Chapter 2.1);
h. cell mediated immunity parameters ofPPTD and the usefulness of these parameters in the
identification of women who will develop PPTD (Chapter 2.2);
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c. the relationship between the presence ofTPOAb, thyroid dysfunction and depression during
pregnancy and in the first year after delivery; and the usefulness of maternal TPOAb and
thyroid dysfunction during pregnancy to predict a postpartum pedod of depression (Chapter
2.3), and;
d. the consequences oflymphocytic thyroiditis in the mother during pregnancy for the development of the child in the tirst year (Chapter 2.4).

Thyroid Cancer. The study of diagnostic procedures, treatment and prognostic factors in thyroid
cancers has caught the interest of many researchers in the Netherlands. Most studies have
concerned selected patient groups referred to large oncologic centres and university hospitals.
However, studies on the epidemiology of thyroid cancer in the general population in the
Netherlands and the treatment and prognosis of unselected patients refcned to community
hospitals are lacking. The thyroid cancer studies are population-based and performed in a
circumscript geographic area in Southeastcl1l Netherlands. The studies on thyroid cancer are
presented as follows:
a. the trends in incidence of thyroid cancer and in the distribution of the different histological
types (Chapter 3.1);
b. the (changing pattern of) care of paticnts referred to community hospitals (Chapter 3.2);
c. the survival and prognosis-related factors of unselected patients (Chapters 3.1 and 3.2);
d. the prevalence of comorbid conditions in relation to possible risk factors and the innuence
on treatment (Chapter 3.3);
e. the incidence and the spectrum of sccond tumours after the diagnosis of thyroid cancer
(Chapter 3.4).
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Table 1. Incidence of thyroid cancer in different countries or selected populations. (annual
rate per 100,000 population, standardized to the World Standard Population; data from Parkin
et aI., 1997)

males

females

Denmark

0.8

2.1

Finland
France (Bas-Rhin)

UK (Scotland)

1.8
1.3
2.0
6.1
0.9
1.7
1.4
0.7
0.9

2.0

US (Connccticut, White)

2.4

4.8

US (Connecticut, Black)
US (Hawaii, Hawaiian)

1.2
3.0

4.0
9.1

US (Hawaii, Filipino)

5.1

25.5

French Polynesia

2.9

15.9

Germany (Saarland)
Iceland
The Netherlands

Nonvay

Sweden
UK (England and Wales)

6.4
2.6
3.5
9.8
2.2
4.7
3.6
1.7

I
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Table 2. TNM Classification of thyroid carcinoma. (International Union Against Cancer,
1992)

Histological type
Papillary or follicular
Stage I
Stage II
Stage III
Stage IV
Medullat·y
Stage I
Stage II

Stage III
Stage IV
Anaplastic
StageIV

under 45 years
anyT anyN MO
anyT anyN MI

45 years and over
Tl NOMO
T2NOMO
T3NOMO
T4NOMO
anyTNI MO
anyT anyN MI
Tl NOMO
T2NOMO
T3 NOMO
T4NOMO
anyT NI MO
anyT anyN MI

all cases stage IV

Tl: tumour,,;1 cm, T2: > 1 to 4 cm, T3: > 4 cm, T4: extends beyond gland, N 1: metastases
in regional lymph node(s).
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Abstract
Background. Screening pregnant women for thyroid peroxidase antibodies (TPOAb) to
identify women at risk for post partuIll thyroid dysfunction (PPTD) is controversial, also
because of the low positive predictive value (ppv) ofTPOAb.
Objectives. To evaluate if ppv ofTPOAb can be enhanced, either by taking into account the
time of TPOAb testing. or by combination with other putative determinants of PPTD like

smoking, family history or other autoimmune diseases.
Methods. A prospective study was performed in the region Kempenland (southeastern Netherlands). 310 unselected women werc visited at 12 and 32 wceks gestation and 4, 12,20,28 and
36 weeks p.p .. Serial TSH, fT4 and TPOAb testing was pelformed. Thyroid dysfunction (TD)

was defined as abnormal TSH either in combination with abnormal ff4 (overt TD) or without
abnormal IT4 (subclinical TD). PPTD was defined as overt TD p.p .. Multivariate regression
analysis was performed for determining independent risk factors for PPTD. Sensitivity and
specificity of TPOAb at different time points and at different concentrations were calculated
and presented in ROC curves. Women who had experienced PPTD were followed for 2.5-3
years.

Results. Data of291 women were available for analysis. Serum ff4 declined during pregnancy
and returned to baseline values p.p .. TD in gestation was present in 23 women (7.9%): serum
TSH was transiently decreased in 13 (6 had overt gestational thyrotoxicosis (2.1 %)) and
increased in 10 (2 had TPOAb). Both point prevalence and concentration ofTPOAbdecreased
during gestation and returned to baseline levels within 12 weeks p.p .. TD in p.p. was present
in 36 women (12.4%): 21 had sublinical and 15 overt TD. Out of the 15 women with overt TD
(incidence ofPPTD: 5.2%) 10 were positive for TPOAb (TPOAb+); 9 had thyrotoxicosis (4
TPOAb+), 5 hypothyroidism (5 TPOAb+) and I thyrotoxicosis followed by hypothyroidism
(TPOAb+). Independent risk factors for PPTD were TPOAb (RR~27.2), bottle feeding
(RR~II.I) and smoking habits (ever smoked: RR~3.1; women with PPTD had smoked more
cigarettes for a longer period). The sensitivity of TPOAb testing was highest at 12 weeks
gestation (0.67). Ppv ofTPOAbwas0.31-0.75 (depending on time of testing and concentration),
increasing slightly to 0.38-0.80 when combined with bottle feeding or smoking habits. There
appeared to be an autoimmune form of PPTD in 2/3 of cases and a non-autoimmune form;
women with the autoimmune form were at risk for developing permanent hypothyroidism.
Conclusions. A maximum of2/3 of PPTD cases can be predicted from the presence ofTPOAb
because 113 remained negative for TPOAb. The most appropriate time for TPOAb testing is in
the first trimester of pregnancy. The combination of TPOAb testing with anamnestic
determinants of PPTD does not increase ppv substantially.
Introduction
Post partum thyroid dysfunction (PPTD) was recognized as a clinical entity in the 70's (1,2).
The incidence of PPTD in the general population is 4-8% (3,4,5,6). PPTD is thought to be
part of the spectnnn of autoimmune thyroid diseases (AITD), and is caused in the majority of
cases by a lymphocytic thyroiditis exacerbating in the first year post partum (p.p.) as the
result of a "rebound" from the suppressed innnune system dllling pregnancy (4,6). Fifty percent of pregnant women positive for thyroid peroxidase antibodies (TPOAb, identical to
microsomal antibodies (MsAb)), will develop PPTD (3,4,5,6). PPTD is clinically characterized
by symptoms associated with hyper- andlor hypothyroidism and depressive symptoms (4-8).

JJ
TPOAb are strongly related with PPTD: women positive for TPOAb have a relative risk (RR)
of 20-80 for developing PPTD (3,5). However, the positive predictive value of TPOAb is
about 40-60%, and one out of four women with PPTD does not have detectable TPOAb
during pregnancy or in the post partum (3,5). Whether screening all pregnant women for
TPOAb for predicting PPTD is worthwhile remains controversial. Some promote screening
because of the risk of ab0l1ion, the risk of developing hypothyroidism in gestation Of in future
life, or the risk of PPTD (9,10,11). Others state that because of the low predictive value of
TPOAb and the absence of severe clinical symptoms in the majority of women with PPTD,
screening is not justified (12,13). Screening, however, requires in the first place a test with
high sensitivity to identify persons at risk, a high specificity to prevent false positive cases

(which might be a great problem in diseases with a low prevalence) and a high predictive
value.
TIle objectives of the present study therefore were to evaluate if the predictive value ofTPOAb
for PPTD can be enhanced by taking into account the time of TPOAb testing together with
other putative determinants of PPTD (like family history, previous autoimmunc diseases,
smoking behavior).
Subjects and methods

Subjects
The study was pelfonned between january 1994 and april 1996 in the region Kempeniand in
the southeastern part of the province of Noord-Brabant, the Netherlands. The iodine-intake is
10w-nol111al in this region: the mean daily urinary iodide excretion is 111±70 Ilg (14).
448 consecutive women not using thyroid dmgs at their first visit to the local midwife or
obstetrical department of the St Joseph Hospital Veldhoven (covering 90% of all pregnancies
in the region), were asked to participate. 310 women (69%) consented in participation. Women
who experienced spontaneous miscarriages or stillbirth were asked to continue the study;
women again pregnant within 6 months after delivelY were excluded from analysis. All women
were visited at home at 12 and 32 \veeks gestation and at 4, 12,20,28 and 36 weeks p.p .. A
personal and family history for thyroid and autoimmune disease was performed; information
on medication, smoking habits and alcohol intake was obtained. In the first post partum visit
the obstetIical history was performed. Signs or symptoms of thyrotoxicosis or hypothyroidism
were looked for at every visit. Venous blood samplcs wcre collected into Vacutainer tubes (8
ml) for thyroid function and thyroid antibody testing every visit; serum was stored at _20°C.
Permission for thc study was obtained from the Medical Ethics Committee of the Acadcmic
Medical Centre, University of Amsterdam.

Methods
Thyroid function tests. The concentration of thyroid stimulating hormone (TSH) was measured
by an immunometric technique, based on enhanced luminescence (Kodak Amcrlitc TSH-30,
Kodak Clinical Diagnosticts Ltd., Amersham, UK). The reference interval for TSH was 0.15
- 2.0 mUll, as defined for 225 non-pregnant women in the age group of20-40 years and living
in the same region, using the IFCC recommendations for defining reference values (15). The
illterassay coefficients of variation were 20, 4.8, 6.3 and 5.1 % at concentrations of 0.04, 0.68,
8.2 and 29.2 mUll, respectively.

Free thyroxine (IT4) was determined by using the Kodak Amerlite MAB FT4 Assay; its
reference interval was 8.7 - 19.6 pmolll, and was defined as dcscribed above. The interassay
coefficients of variation were 11.1, 11.3 and 12.2% at concentrations of 6.1, 19.3 and 27.7
pmolll, respectively.
A free triiodothyronine (IT3) assay for diagnozing a possible T3-toxicosis was pelformed in
case of a decreased TSH but normal IT4 (reference interval: 4.0 - 8.0 pmolll; Amerlex MAB,
Amersham, Amersham, UK).
Thyroid dysfunction (TD) was defined as an abnormal TSH (Le. outside the reference interval). either in combination with an abnormal IT4 or an abnormal IT3 ("overt" TD). or without
an abnormal IT4 or IT3 ("subclinical" TD).
111e study group was divided into three subgroups according to the observed thyroid function:
I: no TD during the entire study period, II: TD at 12 andlor 32 weeks gestation (overt or
subclinical), and III: TD at one or more time points in the post partum (overt (PPTD) or
subclinical; women who had TD both in gestation and p.p. were included in this group),
TPOAb were measured by using the Immunometrie Enzyme Combikit (Orgentec GMBH,
Mainz, Germany); a concentration of >50 utml was defined as "positive" (TPOAb+). The
interassay coefficients of variation were 18 and 8.5% at concentrations of 18 and 1000 U/ml
respectively.
For detection of thyrotropin receptor antibodies (TSH-RAb) in women with TD the TRAKAssay (B.R.A.H.M.S. Diagnostica GMBH, Berlin, Germany) was used; a concentration of
~15 utI was considered as positive.
Analysis. Statistical analysis was performed by using the Statistical Package of Social Science
(SPSS). Differences between subgroups were analyzed by the Chi-square test or Student's ttest. RR with the cOlTesponding 95% confidence interval (95%Cl) for developing PPTD were
calculated. Multivariate logistic regression analysis was performed to determine independent
riskfactors for PPTD; introduced in the model were all factors with p::;O.l in the univariate
analysis. Sensitivity, specificity and predictive valucs of TPOAb for detecting women at risk
for PPTD at different time points and at different concentrations were calculated. Sensitivity
and specificity were also presented in receiver operating characteristic (ROC) curves (with
the corresponding area under the curve (AUC».
Follow up. All women who had experienced PPTD were visited again 2.5 - 3 years after
delivery to perform thyroid function and TPOAb tests.

Results
From the 310 women participating in the study 19 (6.1 %) were excluded from analysis. 111e
reasons for exclusion were: 7 women rcfused further participation after expeIicncing spontaneous miscan-iage or stillbirth (I TPOAb+), I suffered from puerperal psychosis. 9 (1 TPOAb+)
were pregnant within 6 months after delivelY and 2 women moved out of the region. The
study population thus comprised of 291 women.
11le different types ofTD in relation to TPOAb are shown in Table I: 232 women (80%) did
not develop TD, 23 women (8%) had TD in gestation and 36 women (12%) post partum.
In Figure 1 the results of the serial IT4 and TSH testing are presented. The mean IT4 and TSH
levels were comparable to the values for non-pregnant women with the same age, with the
exception of IT4 levels at 32 weeks gestation and TSH levels at 20 weeks p.p .. The mean IT4
declined 22% during pregnancy, and returned to the originallevcl within 12 weeks after delivery.
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The mean TSH remained stable during gestation, increased gradually to a peak at 20 weeks
p.p., and then returned to the original level.
A total of 41 women (14,1%); see Table I)) had TPOAb at one or more time points. Three
patterns ofTPOAb could be identified: S women had TPOAb only in gestation, 9 women had
TPOAb (with increasing concentrations) only in the post partum and 27 women had TPOAb
both in gestation and p.p .. Figure 2 shows the point-prevalences ofTPOAbat three different
concentrations. l1le proportion of women with TPOAb >50 V/ml at 12 weeks gestation was
similar to that at 12, 20, 28 and 36 weeks p.p. (10.0% versus 9.1 %, 9.3%, 10.4% and 9.4%,
respectively). Both the point prevalence and concentration of TPOAb decreased during
gestation. The proportion of women with concentrations of TPOAb 2100 or 2300 Ulml
increased considerably in the post partum period.
Thyroid function ill gestation. TO in gestation was present in 23 women (8%; 3 TPOAb+;
see Table 0, Thirteen women had a decreased TSH at 12 weeks, of whom 6 also had an
increased ff4; the incidence of gestational thyrotoxicosis can thus be calculated as 2.1 % (6/
291). TPOAb were present in one women with gestational thyrotoxicosis (and decreased TSH
at 12 weeks p.p.). Gestational thyrotoxicosis was not related to the development of PPTD.
Ten women had increased TSH levels, from these women 2 had marginally decreased IT4
levels.
The mean fT4 during pregnancy was comparable for TPOAb- and TPOAb+ women; the mean
TSH, however, was significantly higher in TPOAb+ women (at 12 weeks: 0.79 (SEM=0.002)
versus 1.10 (SEM=0.03) mUll (p<O.OOI); at 32 weeks: 0.76 (SEM=0.002) versus 0.84 (SEM=0.01) mUll (p<O.OOI)).
Thyroid function in the post pm·tum. PPTO was present in IS women (S.2%; Table I).
When subclinical TD \vas also taken into account 36 women (12.4%) had TD in the post
partum (12 women (6 TPOAb+) had subclinical hypothyroidism and 9 subclinical hyperthyroidism (2 TPOAb+)); from these 36 women 7 (19.4%) had also TO at 12 weeks gestation (6
subclinical hypothyroidism and I subclinical hyperthyroidism). From the 15 women with
PPTO 9 had thyrotoxicosis without subsequent hypothyroidism (4 TPOAb+), S hypothyroidism
alone (all TPOAb+) and I thyrotoxicosis followed by hypothyroidism (TPOAb+). TIle 10
TPOAb+ women with PPTD had all decreasing TPOAb concentrations in gestation and
increasing eoncel1tmtions p.p .. All women with PPTO were negative for TSH-RAb. TPOAb+
women with PPTD had more periods with signs and symptoms of hyper- and/or hypothyroidism
than TPOAb- women with PPTD (13% versus 4%); two of these women were treated with Lthyroxine for several months because of symptoms of hypothyroidism. All women but Olle
had normal TSH and IT4 at 36 weeks p.p .. Fomteen of the 15 women who had experienced
PPTD were visited 2.5 to 3 years after delivery. The results of the thyroid function testing are
summmized in Table 2. From the 9 TPOAb+ women 2 had a permanent hypothyroidism and
were treated with L-thyroxine, 4 had increased TSH levels and 3 had a normal thyroid function.
111e 5 TPOAb- women, however, al1 had a normal thyroid function.
Prediction of PPTD. Neither age, educational level, alcohol-use during pregnancy, a family
history of thyroid disease, parity, the number of pregnancy-related complications, nor gender,
congenital anomalies and birth weight of the child were related to the development of PPTO.
Univariate analysis revealed that PPTD was significantly related to four items: A: the presence
of TPOAb: RR at 12 and 32 weeks gestation and 4 weeks p.p. were 18.1 (9S%CI6.6-49.3,
p<O.OOOI), 27.6 (9S%CI 11.3-67.4, p<O.OOOOI) and 22.8 (9S%CI 9.I-S6.9, p<O.OOOOI),
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respectively, B: TSH conccntration >2.0 mUll at 12 weeks gestation: RR=5.4 (95%CI 1.716.7, p=0.02) C: previous autoimmune disease (mainly AlTO): RR=4.3 (95%CI 1.1-16.7,
p=0.03), and 0: smoking habits ("ever smoked" (women who stoppcd smoking or still were
smoking in gestation) versus "never smoked"): RR=3.6 (95%CI 1.2-11.0, p=O.O 16). Women
with PPTO had smoked more cigarettes per day (46% smoked <10 cig'!day, 27% 10-20 cig.!
day and 27% >20 cig'!day versus 55%, 26% and 18% in womeuwithout PPTO; differences
n.s.) and for a longer period (mean: 12.9 (SO=4.1) yrs. versus 9.8 (SO=3.8) yrs.; t-test p<0.05)
than women without PPTD. The presence or absence ofTPOAb was not related to smoking
habits. Women with PPTD experienced more frequently diabetes or hypcr1cnsion in pregnancy
and gave less breastfeeding, but these differences were not statistically significant (0.05<p<0.1).
In order to detcnuine independent factors related to PPTD a multivariate analysis was performed
and three were found: TPOAb (RR=27.2), bottle feeding (RR=Il.l) and smoking habits ("ever
smoked": RR=3.1) (Table 3).
In Figure 3 the ROC curves for TPOAb testing at 12 aud 32 weeks gestation and 4 weeks p.p.
are shown. 111cse ROC curves and their AVe's were comparable. The corresponding values
of sensitivity and specificity are presented in Table 4. 111e sensitivity ofTPOAb testing alone
was highest at 12 weeks gestation: all TPOAb+ women who developed PPTO had TPOAb
>50 or ;:0,100 Ufml at that time point. The positive predictive value of TPOAb at each time
point increased with increasing concentrations (Table 4). The positive predictive value of
TPOAb >50 Ulml was highest at 32 weeks gestation: the presence of TPOAb at that time
point indicated a great probability of developing PPTO. 11,e positive predictive values of
higherTPOAbconcentrations were similar for the different time points (Table 4). Combination
of the results of TPOAb testing with the other independent riskfactors (smoking habits and
bottle fceding) increased the positive predictive value slightly (Table 4).

Discussion
Our study population consisted of a sample of pregnant women residing in the southeastern
part of the Netherlands. SampJing bias is unlikely as at least 90% of the women in the region
are attended by the local midwifes Of the obstetrical department of the St Joseph Hospital
Veldhoven; moreover mean age and parity of the non-participating women were comparable
to those of the participants.
Low TSH concentrations in the first trimester and gestational thyrotoxicosis are thought to be
the result of a TSH-like effect of human chorionic gonadotropin (hCG) (11,16-19). In this
study decreased TSH in early pregnancy was present in 4.5% and gestational thyrotoxicosis
in 2.1 %. Glinoer et al. found in a region with restricted iodine intake undetectable TSH in
13% and increased IT4 in 3% in the fIrst trimester of pregnancy and in a later study a prevalence
for gestational thyrotoxicosis of 2.4% (11,18). The decline of fT4 during pregnancy and retum to baseline levels p.p. has been described previously (Figure I) (11,17,18,20). The
mechanism that causes the decline of IT4 without a concomitant rise ofTSH during pregnancy
is still unknown (11,17).
The prevalence and course of TPOAb concentration and the incidence of PPTD were in
accordance with the results of other studies (3,5,6,21,22).
Although IT4 concentrations in gestation in TPOAb+ women were similar to those ofTPOAbwomen TSH concentrations were slightly but significantly higher in TPOAb+ women. This is
in accordance with the fIndings of Glinoer et al. who reported that TPOAb+ women are at risk
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for developing (subclinical) hypothyroidism during pregnancy because of their reduced
functional capacity of the thyroid (10, II),
Our study confirmed that TPOAb are the most prominent risk factor for PPTD
(4,5,6,8,9,12,21,22,23,24). RR were 18,28 and 23 at 12 and 32 weeks gestation and 4 weeks
p.p., respectively; this was in accordance with a previous study from the same region (5);
Gerstein, however, calculated a RR=87, probably due to the use of less sensitive MsAb tests
in the 70's and 80's (when TPO;>,100 U/ml is taken as cut off point the RR increases to 18,45
and 31 at 12 and 32 weeks gestation and 4 weeks p.p., respectively) (3).
Women who ever had smoked had an increased risk for developing PPTD (RR=3.1). Fung et
aJ. found also smoking related to PPTD (24); others, however, did not find smoking related to
PPTD or autoimmune hypothyroidism (21,25). Arguments in favour of this relation are: the
possible dose-response effect that we found, the noxious effect of diverse components of
tabaceo on the thyroid and the effect of smoking on the innllune system (26,27).

This is the first study describing breastfeeding as an independent protecting factor: women
not giving breastfeeding had a RR=I1.1 for developing PPTD. In the studies from Jansson et
ai. and Fung et aI. PPTn was not related to lactation (21,25). The protective effect can not be
explained by the prolonged high prolactin levels during breast feeding: hyperprolactinemia
has both immunosuppresive and iUUllUIlostillluiative effects and is associated with the presence
of thyroid antibodies (28). Possible explanations are: some other still unknown
immunomodulating factors associated with pregnancy which remain operative during lactation
or selection (women prone to PPTD would not start breastfeeding).
Anamnestic factors independently related to PPTD (smoking habits, bottIe-teeding) had limited
additional value for predicting PPTD. The positive predictive value increased slightly, but the
sensitivity decreased, which resulted in the identification of a small group of women at risk
for developing PPTD with more accuracy, but a large number of cases would be missed
(Table 4).
One-third of the women developing PPTD had no TPOAb. All these women experienced only
a phase of hyperthyroidism p.p. with slight or no complaints. PPTD characterized by
hyperthyroidism alone in the absence of both MsAb and TSAb has been previously described
(24,29). The authors supposed that this form of PPTD was not the result of an exacerbation of
AlTD but had a different etiology, although in some cases thyroiditis was found in fine needle
aspiration biopsy (29). The proportion of women with this form of (non-autoimmune) PPTD
can be estimated as 10-30% of all PPTD cases (3,5,24). The 10 TPOAb+ women who developed
PPTD, in contrast, had more complaints (such as lack of energy and depression) and two
needed transient thyroxine replacement therapy. This form of PPTD is the "classical" form
presenting with hyperthyroidism fonowed by hypothyroidism and caused by an exacerbation
of a preexisting AITD. These women with high TSH levels in combination with TPOAb
appear really at risk for developing permanent hypothyroidism (Table 2) (30,31,32).
We suppose that especially PPTD in TPOAb+ women (the "classical fonn" with the "classical
pattern" of TPOAb decreasing in gestation and increasing p.p.) is of clinical interest.
Identification of these women with great accuracy is important when an intervention (e.g.
treatment with thyroxine) to prevent PPTD is considered, but also because of the considerable
risk to develop permanent hypothyrodisim (30,31). Therefore we calculated the positive
predictive values and sensitivity and specificity for TPOAb concentrations ~IOO and ~300 VI
ml respectively for TPOAb+ \vomen at different time points. TIle positive predictive values
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remained unchanged and sensitivity increased: the chance of developing PPTD did not alter
but TPOAb+ women at risk were detected more accurately.
The most appropriate moment for screening for TPOAb is in the first trimester of pregnancy
if a test with the highest sensitivity is required; on the other hand, if a test with high predicitive
value is wanted testing should be perfOlmed in the third trimester or I month p.p.: when a
woman is positive for TPOAb at that time point she has a great chance of developing the
autoimmune form of PPTD (see Table 4).
In conclusion, the results of this study indicate that combination ofTPOAb testing with independent determinants like smoking habits and bottlefeeding has limited additional value for

predicting PPTD. There appeared to be two forms ofPPTD: an autoimmune form in twothirds
of cases and a non-autoimmune [mm. An intervention with thyroxine to prevent symptoms of
PPTD and long-term follow up for detecting permanent hypothyroidism should be considered
only in women with the autoimmune form of PPTD. Further research to evaluate the effects
of treatment with thyroxine, and to study the etiology and long-term effects of the nOll-autoimmune form is needed.
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Table I. Thyroid dysfunction (TO; subclinical: TSH abnormal; overt: TSH and IT4 abnormal)

in gestation or in the post partum in relation to the presence of thyroid peroxidase antibodies
(TPO-Ab) in gestation and/or in the post partum.

no TPO-Ab
(:550 U/ml)

TPO-Ab
(>50 U/ml)

total (%)

212

20

232 (80%)

- overt

14
6

I
2

15 (5%)
8 (3%)

TD in the post partum:
- subclinical

13

- overt

5

8
10

21 (7%)
15 (5%)

250 (86%)

41(14%)

291(100%)

no TO
TD in gestation:
- subclinical

total (%)

41
Table 2. The results of2.5-3 years follow-up in 14 women who had experienced post partum
thyroid dysfunction. (TPOAb+: positive for TPOAb when PPTO occulTed; TPOAb-: negative
for TPOAb).

TPOAb-

TPOAb+
n~9

thyroid function testing:
- fT4 (pmoln)
- TSH (mUll)
-TPOAb+ (>50 U/1ll1)
thyroid (dys-)function:
- hypothyroidism
- subclinical hypothyroidism

- normal
- hyperthyroidism

n~5

mean (range)
17 (14-21)*
3.2 (0.9-5.4)*
9

mean (range)
19 (14-22)
1.0 (0.2-1.8)
0

2
4
3
0

0
0
5
0

TPOAb+: TPOAb present at follow up.
*: 2 women on L-thyroxine treatment \vere excluded.

Table 3. Results of the multivariate regression analysis to detelmine independent factors related
with post partum thyroid dysfunction. Introduced in the model were factors with p::;O.l in the
univariate analysis.
RR (95%CI)

smoking habits (ever vs. never)
previous auto immune disease
family history thyroid disease
parity >1
pregnancy complications:
- diabetes
- hypertension/toxicosis
bottle feeding
TPO-Ab>50 U/ml at 12 weeks gestation

RR (95%CI): relative risk (95% conlidence interval)
*: p~0.04
**: p<O.OOO I

3.1 (1.2-7.5)*
2.0 (0.1-37.7)
1.4 (0.3-6.7)
2.3 (0.4-13.6)
5.9 (0.5-66.1)
3.7 (0.4-37.8)
11.1 (1.4-75.1)*
27.2 (6.4-115.6)**
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Table 4. Positive and negative predictive value, sensitivity and specificity of TPO-antibody
testing at different time points and concentrations separate and in combination with
independent ananmestic risk factors for developing post partuIll thyroid dysfunction.
npv'

ppv2

TPO-antibodies:
- TPO>50 12 weeks gestation
- TPO;:,100 12 weeks gestation
- TPO;:,300 12 weeks gestation

0.98
0.98
0.97

- TPO>50 32 weeks gestation
- TPO;:,100 32 weeks gestation
- TPO;:,300 32 weeks gestation

sens.

spec.

0.31
0.50
0.75

0.67
0.67
0.40

0.93
0.97
0.99

0.97
0.99
0.95

0.64
0.71
0.67

0.64
0.33
0.13

0.97
0.99
0.996

- TPO>50 4 weeks post partum
- TPO;:,IOO 4 weeks post partum
- TPO;:,300 4 weeks post partum

0.97
0.96
0.96

0.44
0.63
0.75

0.53
0.33
0.20

0.96
0.99
0.996

TPO>50 12 wks gest.+smoking
TPO>50 4 wks p.p.+smoking
TPO>50 12 wks gest.+bottle-feeding
TPO>50 4 wks p.p.+bottle-feeding

0.97
0.97
0.97
0.97

0.50
0.67
0.38
0.47

0.47
0.40
0.53
0.47

0.97
0.99
0.95
0.97

1: negative predictive value;

2: positive predictive value.
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Figure I. Results of serial ff4 and TSH testing in291 women. Represented are mean ±standard
error of the mean (SEM). Reference limits are 0.15-2.0 mun for TSH and 8.7-19.6
pmolll for fT4 (shaded areas). ': p<0.05 vcrsus 12 weeks gestation.
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,,,

Figure 2. Point prevalences (%) of thyroid peroxidase antibodies (TPOAb) for 3 different
concentrations at 7 different time points. Point prevalence was calculated as: the
number of TPOAb positive women/ total number of women X 100% for each time
point separatedly. (n=291).
Sensitivity
0.9
0.8
0.7
0.6
0.5
0.4
0.3
12 wks. gestation
32 wks. gestation
4 wkG. postpartum

0.2
0.1

o

0.1

0.2
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0.5

0.6

0.7

0.8

0.9

1

1 - specificity
Figure 3. Receiver operating characteristic (ROC) curves for senun concentrations >50 U/ml
of thyroid peroxidase antibodies (TPOAb) measured at 12 and 32 weeks gestation
and 4 weeks post partum, respectively (n=291).
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Abstract
Post partum (p.p.) thyroid dysfunction (PPTD) is thought to be due to an autoimmune
destmction of thyroid follicles during thc p.p. period. The chronic thyroid autoimmune (AI)
process - already present in pregnancy as shown by the positivity for TPO-antibodies (TPOAb) - becomes overt disease in the p.p. period. and one assumes that this exacerbation represents
a rebound phenomenon following a general immunosuppression during pregnancy. The

presence ofTPO-Abinpregnancy has been suggested as a predictor for later PPTD development. Apart from B cells, c.g. production of autoantibodies, various functions of the cell

mediated immune (CMI) system, including those of peripheral T cells, monocytes aud dendritic
cells (DC) are also disturbed in autoimmune states.
The objectives of the present study were determining alterations in various CMI parameters
in pregnancies followed by PPTD versus those not followed by PPTD, and detennining the
usefulness of these parameters in the prediction of PPTD.
In a prospective study (region Kempenland, southeast Netherlands) a random sample of291
women was tested at 12 and 32 weeks gestation and 4 weeks p.p. for TPO-Ah. \\'omen were

followed till 9 months p.p. for developing PPTD. PPTD was defined as both an abnormal
TSH and IT4 p.p .. Women developing PPTD and/or positive for TPO-Ab (n=26) and
"thyroidological uneventfull" control women of the same cohort matched for age and parity
(n=21) were tested for thyroid stimulating antibodies (TSAb), percentages of peripheral blood
lymphocyte subsets using FACS analysis (CD3, CD4, CD8, CDI6, CDS6, MHC-c1ass II), for
monocyte polarization and for cluster capability of monocyte-derived dendritic cells (DC).
Results were: a) 31 women (10.7%) were positive for TPO-Ab (TPO-Ab+) in gestation (12
and/or 32 weeks); b) IS women (S.2%) developed PPTD, of whom 10 were TPO-Ab+ in
gestation; c) pregnancy related CMI alterations consisted of low percentages of CD 16+CDS6'
NK cells and a low DC clustercapability at 12 weeks gestation. These functions were normalized
at 32 weeks gestation; d) the TPO-Ab+ PPTD' women (4 hyper, S hypo and I hyper/hypo)
were characterized by a persistently low percentage of NK cells, a lowered monocyte
polarization and a raised percentage of MHC-c1ass WCD3+ T cells; e) the TPO-Ab- PPTD'
women (ailS hyper) had neither TSAb, nor CMl alterations apart from those nonnally seen in
pregnancy; f) 21 women were positive for TPO-Ah in pregnancy, but did not develop PPTD;
they had the same lowered NK cell percentages and monocyte polarization as the TPO-Ab+
PPTD+ cases, but they had normal percentages of activated peripheral T cells and a lower titre
of TPO-Ab; g) detennination of the number of NK cells and monocyte polarization hardly
contributed to the prediction of PPTD (as compared to TPO-Ab status) due to strong
illterindividual variation and close association with the presence ofTPO-Ab; h) combining
TPO-Ab assays with testing for activated T cells was the most optimal parameter for the
prediction of TPO-Ab+ cases of PPTD in our small testsel.
We conclude that TPO-Ab+ pregnant women who develop PPTD show several eMI abnonnalities other than those seen in normal pregnant women, slich as persistently lower percentage of
NK cells, a lowered monocyte polarization and a raised percentage of activated T cells. The
latter seems rather specific for the achml PPTD development and is not found in TPO-Ab+ but
PPTD uncomplicated pregnancies. TPO-Ab', but PPTD' women had no signs of CMI
abnormalities (apart from those specific for the pregnancy state). Although numbers of studied
cases are low our data are hence suggestive for the existence of two forms of PPTD: a TPOAb' ("autoimmune") form (2/3 of patients, classical PPTD pattem) and a TPO-Ab- ("non-
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autoimmune") form (1/3 of patients, only hyper). Such assumption implies that at best 2/3 of
PPTD cases can be predicted using either humoral and/or cellular immune tests.

Introduction
TIle syndrome of post partum thyroid dysfunction (PPTD) is characterized by periods of
hyperthyroidism andlor hypothyroidism in the first post partum (p.p.) year; the hyperthyroidism is usually very mild, the hypothyroidism, however, is attended with symptoms such as

lack of energy and depression (1-3). The incidence of PPTD ranges from 4-8% (4-6).
PPTD is considered to be part of the spectmm of autoimmune thyroid diseases (AITD) and
caused by an autoimmune destructive lymphocytic thyroiditis (3,6,7). Basic to autoreactive
processes are immunodysregulations such as defective tolerance mechanisms and an enhanced
autoagression towards target antigens. As signs of such immullodysregulations various humoral
and cell mediated immune (CMI) abnormalities have been reported in thyroid and other
endocrine autoimmune patients: autoantibodies (in the case of lymphocytic thyroiditis thyroid
peroxidase antibodies, TPO-Ab) are present in serum, and there is often a rise in the number
of activated (MHC-class W) peripheral T cells, a lowering of the number of peripheral natural
killer (NK) cells, a lowered monocyte polarization and an impaired T cell cluster capability of
monocyte-derived dendritic cells (DC) (8,9).
The presence ofTPO-Abhas been repOlted as the most prominent riskfactor for developing
PPTD: about 70% of women developing PPTD are positive for TPO-Ab (TPO-Ab+) during
pregnancy or p.p. as compared to around 10% in the normal female population (4-6). The
positive predictive value of TPO-Ab positivity, however, is about 40-60%: only one out of
two TPO-Ab' women develops PPTD (4,5). Therefore TPO-Ab testing alone is not a sufficiently
reliable method for identifying women at risk for PPTD.
The objectives of the study reported here are to determine possible alterations in the number
of subsets ofT cells, activated T cells and NK cells in the peripheral blood, and the capability
of monocytes to polarize and of monocyte-derived DC to form cellular clusters in pregnancies followed by PPTD versus those pregnancies not followed by PPTD. In addition Ule possible
usefulness of these alterations for the prediction ofPPTD was studied. We therefore perfomled
a prospective study of a sample of women who were followed during pregnancy and in the
first p.p. year. Serial testing of thyroid function, serum TPO-Abs and the mentioned CMI
functions was carried out.
Subjects and Methods
Subjects
Pemlission for the study was obtained from the Medical Ethics Conllllittee of the Academic
Medical Centre, University of Amsterdam.
Between january 1994 and april 1996 a prospective study on thyroid dysfunction (TD) iu
gestation and in the p.p. was performed. 448 consecutive women at their first visit to the local
midwife or the obstetrical department of the St Joseph Hospital Veldhoven were invited to
participate. Informed consent was obtained from 310 women (69%; none on thyroid drugs at
entry); 291 women completed the study and 19 (2 TPO-Ab+ (10.5%» were withdrawn from
analysis. All women with TPO-Ab in gestation (TPO-Ab+) (irrespective of developing PPTD),
all women with PPTD (PPTD') also those negative for TPO-Ab (TPO-Ab-) were introduced
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ill the study together with for age and parity matched controls (TPO-Ab-, PPTD-).
AU women were visited at home at 12 and 32 weeks gestation, and in the p.p. period at regular
intervals (starting 4 weeks p.p. every 8 weeks unti136 weeks). Signs and symptoms of hyperor hypothyroidism (3) were recorded at every visit; depression was assessed at every visit
using the Research Diagnostic Criteria (ROC) (10).

Venous blood samples were collected into Vacutainer tubes: every visit 8 1111 for thyroid function
and TPO-Ab testing, and at 12 and 32 weeks gestation and 4 weeks p.p. 40-50 Illi heparinized
blood for peripheral blood mononuclear ceB separation.
Methods
Thyroid function tests. The thyroid function \vas assessed by measuring the concentration of

thyroid stimulating hormone (TSH; refcrence interval 0.15-2.0 mUll, defined for uOll-pregnant women aged 20-40 years originating from the same region; Kodak Amerlite TSH-30,
Kodak C1inical Diagnostics Ltd .. Amersham. UK). and by measuring the free thyroxine

concentration (fT4; reference interval 8.7-19.6 pmolll; Kodak Amerlite MAE FT4 Assay).
PPTD was defined as an abnormal TSH in combination with an abnormal fT4 in the p.p.

period.
TPO-Ab were measured using the Immunometric Enzyme Combikit (Orgentec GMBH. Mainz.

Germany); a concentration >50 U/m] was defined "positive" (TPO-Ab+).
Thyroid stimulating antibodies (TSAb) were measured using the TRAK-Assay (Brahms
Diagnostica GMBH. Berlin. Germany); reference values are: <9 Ull antibody negative. 9-14

un borderline, ;0,15 un positive.

Peripheral mononuclear cell separation. Peripheral blood mononuclear cell separation was

pelformed at the Clinical Laboratories of the St Joseph Hospital Veldhoven, using Ficoll
Pague density gradient centrifugation (density 1.077 g/ml; Pharmacia, Uppsala, S\veden).

The cells were washed twice in phosphate butfered saline (PBS). Aliquots of 40-80 x 10' cells
were stored in a solution of 20% DMSO (Dimethylsulphoxide) in RPM! 1640 supplemented
with 10% fetal calf serum (Gibco, Breda, The Netherlands). The actual immunological tests
were peIformed at the Department of Immunology, Erasmus University Rotterdam.
Monocyte polarization assay for peripheral blood monocytes. 111is assay has proven to reflect
the responsiveness of blood monocytes to chemoattractants and is a measure of pre activated
monocytes in the peripheral blood; it is disturbed in endocrine autoimmune diseases (11,12).
Monocytes were isolated from separated and deep frozen lymphoid cells. An enrichment for
the monocytes in the Ficoll- Isopaque isolated fraction was obtained by Pereoll gradient
centrifugation (13): after \vashing, the Ficoll-isolated pellet containing both monocytes and

lymphocytes was resuspended in RPM! 1640 10% FCS and carefully layered on top of an
equal volume of Perc 011 1.063 (Pharmacia, Diagnostics AC, Uppsala, Sweden). After
centrifugation (40 min, 450 g) the cells were collected from the intelface, washed twice in
medium (10 min, 500 g) and counted: the suspension now contained 70-95% monocytespecific esterase positive cells. This suspension was directly used for the monocyte polarization
assay or for the maturation of monocytes to obtain DC.
For monocyte polarization aliquots (0.2 ml) of the Percoll purified cell suspension containing
200.000 monocytes were added to 12*75 mITI polypropylene tubes (Falcon Labware Division

of Becton Dickinson, Oxford, CA, USA) containing 0.05 ml of either medium or N-fonnylmethionyl-Ieucyl-phenylalanine (tMLP) in medium, to reach a final concentration of 10 lllH.
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The tubes were incubated at 37°C in a waterbath for 15 min. The incubation was stopped by
addition of 0.25 ml ice-cold 10% Formaldehyde in 0.05% PBS (pH 7.2). The cell suspensions
were kept at 4°C until counting in a hemocytometer using an ordinary light microscope
(magnification 250X). The test was read blindly by two persons; 200 cells were counted,
manually, from each tube. A cell was "polarized" if any of the following occurred: elongated
or triangular shape, broadened iamellopodia, and/or membrane ruffling. The responsiveness
of a monocyte population was expressed as the percentage of polarized l1lonocytes in the
presence of fMLP minus the percentage of polarized lllonocytes in the absence of fMLP. The
percentage of polarized monocytes was calculated as follows:
(% cells polarized I % monocyte-specific esterase positive cells) x 100%

Of the 77 healthy control individuals tested during the last two years a mean of 30% polarized
monocytes was found (SD 8%; range 18-70%), There were no differences bet\veen females
and males: females, a mean of33% (SO 9%; n=36); males, a mean of32% (SO 13%; n=41).
Nor were differences found between individuals <50 years and >50 years of age: respectively,
a mean of 34% (SD 11; n=66), and a mean of 31 % (SD 5%; n=ll). The interassay variation
never exceeded 17% (n=13), the intra-assay variation never exceeded 15% (n~77). On the
basis of these outcomes fMLP induced polarization values of less than 20% polarized
monocytes are considered to be abnormal.
The maturation of dendritic cells from blood monocytes. clustering of dendritic cells. DC
were prepared from peripheral blood monocytes according the method described by Mooy et
al (14). Cel1s from the Percol1-isolated monocytic fractions were exposed to T3 in suspension
culture for 30 minutes. Thereafter, the cells were washed (culture fluid was added slowly to
prevent osmotic lysis of the cells), and further cultured under non-adhering conditions for 16
hours in polypropylene tubes (5% C02 and 37°C, 100% humidity). This procedure yields 4060% cells with a dendtitic morphology, showing class-II MHC positivity, a decreased expression
of the monocytic CDl4 determinant, a decreased phagocytic capability, but an enhanced stimulator capability in the MLR. The full technical details of this method are given in Mooy et
al (14). Fifty thousand DC prepared from peripheral blood monocytes exposed to T3 were
allowed to cluster with 5.000 allogenic lymphocytes isolated from healthy controls (4 hours,
37°C 5% C02) in 250 microliter flat-bottomed wells. 111e lymphocytic isolation was performed
according to standard procedures with Ficoll-Isopaque and Nylon wool adherence (LeukoPak, Fellwall Laboratories, IL, USA). Formed cellular clusters were counted using an inverted
microscope and values were expressed as the number of clusters per 6 microscopic fields
(X250). A cluster was defined as an accumulation of 4-25 cells. Of the 25 healthy control
individuals tested during the last two years a mean of 187 clusters was found (S.D. 54, range
150-230). On the basis of these outcomes values of less than 150 clusters are considered as
abnormal.
FACS analysis. Peripheral blood mononuclear cell subsets were analized using a FACScan
flow cytometer (Becton Dickinson). The technique has been described in detail elsewhere
(15). Mononuclear cells were incubated with monoclonal antibodies for detection of surface
markers. The monoclonal antibodies were conjugated with fluorescein isothiocynate (FITC)
or phycoerythrin (PE) for double marker analysis. The following markers were used: the B
cell markers CD 19 (Leu-12 PE, Becton Dickinson, San Jose, CA, USA) and CD20 (B I FITC,

50

Coulter Clone, Hialeah, FL, USA), the T cell markers CD3 (Leu-4, FITC, Becton Dickinson),
CD4 (Leu-3 PE, Becton Dickinson) and CDS (Leu-2 PE, Becton Dickinson), the T and B cell
marker CDS (Leu-I FlTC, Becton Dickinson), the HLA-DR marker (L243 PE, Becton Dickinson), the NK cell markers CD56 (Leu-19 PE, Becton Dickinson) and CDI6 (Leu-Ilc PE,
Becton Dickinson), and the monocyte marker CDI4 (MY4 PE, Coulter Clone). Percentages
of the total mononuclear cel1s were calculated. Reference values were obtained from 14
concommitantly tested non-pregnant TPO-Ab- women 20-40 years: CDI9' CD20' B cells
10.9% (SD=5.6), CD4' CD3' T helper cells 40.4% (SD=5.S), CDS' CD3' T suppressor!
cytotoxic cells 23.4% (SD=6.9), activated (HLA-DR'!CD3')T cells 6.4% (SD=3.1) and CDI6'
CD56' NK cells 7.9% (SD= I.S).
Statistical analysis. For statistical testing the Chi-square test and Student's t-test were performed.
P<O.05 was considered significant.
Results
From the 291 women completing the prospective study 31 (10.7%) were TPO-Ab' at 12 and!
or 32 weeks gestation (Table I). In total fifteen women (5.2%) developed PPTD; of these 10
were TPO-Ab' and 5 TPO-Ab-. From the remaining 276 women 21 were TPO-Ab' and 255
TPO-Ab-; the latter \vere considered as thyroidological uneventfull pregnancies. eMI testing
was carried out for 47 selected women: 21 blindly selected TPO-Ab- and PPTD- women
(thyroidologicaluneventfull pregnancies = controls), the 5 TPO-Ab- but PPTD' women, the
21 TPO-Ab' but PPTD- women and the 10 TPO-Ab'PPTD' women. None of these 47 women
was positive for TSAb. No differences between the groups were found conccming educational
level, family history for thyroid disease, alcohol usc during pregnancy, pregnancy complications
and gender and birthweight of the child.
Pregnancy related CIVII alterations. In all groups (irrespective of thyroid status) alterations
were found during pregnancy in the percentage of peripheral CD16+ CD56+ NK cells and in
the DC cluster capability (Figure I). The DC cluster capability was decreased at 12 weeks
gestation and returned to normal in all groups within 32 weeks (Figure 1). Percentages CD16 t
CD56+ NK cells were significantly decreased at 12 weeks gestation; in TPO-Ab- women a
gradual return to normal levels occurred (Figure 1), in TPO-Ab+ women (irrespective of PPTD
development), however, percentages NK cells remained low (Figure I), TI1e percentages CD 19 t
CD20' B cells and the number of CD3', CD4' and!or CDS' T cells were within the reference
limits for all tested groups at all three time points.
PPTD related CMI alterations. In the women who later developed PPTD two different
patterns of CMI alterations were found that correlated with the presence or absence of TPOAb:
- in TPO-Ab- PPTDt women no CMI alterations were found with the exception for those
related with the pregnancy state (sec Figure I);
- in all TPO-Abt women persistent decreases were found in NK cell numbers and the monocyte
polarization assay regardless the development of PPTD (Figure I). The percentages NK cells
remained significantly decreased in TPO-Abt women as compared to non-pregnant healthy
women (but not in comparison to the healthy pregnant (= TPO-Ab- PPTD-) women). The
monocyte polarization also remained lower in TPO-Ab+ women and significant in comparison
to both healthy pregnant and non-pregnant women_ The percentage of activated (MHC-class
II' CD3') T cells was in general not raised in TPO-Ab' women. However, in TPO-Ab'PPTD'
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women percentages were significantly higher at all time points studied as compared to PPTD~
TPO-Ab+ women (Figures I and 2).
Two forms of PPTD could hence be identitied on the basis of immune abnormalities: a [onn
of PPTD lacking any sign of both humoral and cellular immune alterations (n=5) and a fann
ofTPO-Ab+ PPTD with also cellular immune alterations (n=IO).
The 5 PPTDt women without humoral and cellular immune alterations all had a period with
hyperthyroidism at different time points p.p., but no signs of hypothyroidism while symptoms
were relatively mild. None of these women had indications for an ingestion of excess iodine
or thyroxine; onc woman had a (probably viral) infection preceding the hyperthyroidism.
From the 10 TPO-Ab+ CM! abnormality+ PPTD+ women 4 had only hyperthyroidism,S only
hypothyroidism, and I had hyperthyroidism followed by hypothyroidism. Women in this
group had a significantly higher frequency ofTSH >2.0 mUll at 12 weeks gestation as compared
to the TPO-Ab- PPTD cases (30% versus 0%). They also had more signs and symptoms.
Although numbers of cases are low, data are nevertheless given as an illustration. The number
of signs and symptoms of hyperthyroidism reported during the consecutive p.p. home visits
was comparable within the TPO-Ab+ and the TPO-Ab' PPTD group: weight loss in 13%
versus 16%, increased sweating in 18% versus 24%, heat intolerance in 3% versus 20%,
nervousness in 5% versus 4%, palpitations in 5% versus 0% and increased appetite in 3%
versus 4% respectively. The number of signs and symptoms characteristic of hypothyroidism,
however, was higher in the TPO-Ab+ PPTD cases vs the TPO-Ab- PPTD cases: lassitude/
fatigue 26% versus 8%, cold intolerance 16% versus 4%, hoarseness 13% versus 0%, dlyl
fragile hair 13% versus 0%, paresthesia 11 % versus 0%, and lethargy 11 % versus 0%.
Depression was diagnozed in 17% of home visits in TPO-Ab' and in 12% in TPO-Ab' PPTD
cases, respectively. Two of the TPO-Ab+ PPTD cases were treated for several months with 1thyroxine because of the indicated symptoms of hypothyroidism.
In our study group of 291 women, 12 women (6 TPO-Ab+) had one or lllore post-partum
periods with elevated TSH only in the absence of ff4 abnormalities (Le. not cases of PPTD in
our definition - see materials and methods). None of these women did experience more
complaints of either hyper- or hypothyroidism as compared to the healthy control post-partulll
women.
Prediction. With regard to our second objective we determined the usefulness of the various
CMI parameters in predicting PPTD in general, i.e. both the TPO-Ab' plus the TPO-Abcases. Table 2 shows that the predictive values of monocyte polarization, activated T cells or
NK cells are low at 12 weeks gestation, and actual1y not much higher as compared to the
TPO-Ab status. eMI values at 32 weeks gestation or 4 weeks pp were also not better in
predicting PPTD. The combination of TPO-Ab status and abnormalities in the monocyte
polarization assay, the number of activated T cells or NK cells at 12 weeks gestation slightly
increased the positive predictive value but sensitivity decreased in comparison to TPO-Ab
status alone (Table 2).
Because the number of activated T cells apparently is an independent predictor of PPTD
within the group ofTPO-Ab+ women (fig. I and 2) we assessed the predictive power of the
test "activated T cells" within the group of TPO-Ab+ women for the development of PPTD.
Table 3 shows that with such approach we were able to reach a sensitivity of around 70% although admittedly numbers are limited -: 71 % of the women with TPO-Ab 50 V/ml plus
mean activated T cells> 10% in follow-up (i.e. 12 and 32 weeks gestation and 4 weeks p.p.,
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see also fig. 2) went on to develop TPO-Ab+ PPTD. However SIlO TPO-Ab+ PPTD cases
would have been missed in such approach; whereas 217 of the TPO-Ab+ women with mean
raised activated T cells would have been falsely predicted to develop TPO-Ab+ PPTD.

Discussion
Our study is suggestive for the concept that there might exist two forms ofPPTD: a TPO-Ab+
(Uautoimmune") and a TPO-Ab- ("non-autoimmune") form. The TPO-Ab+ PPTD was
immuIlologically characterized by the presence of CMI disturbances normally related to
endocrine autoimmune diseases and clinically by periods of hyper- and/or hypothyroidism.
The TPO·Ab- form lacked cellular immune abnormalities and was characterized by
hyperthyroidism in conjunction with mild symptoms. However numbers of identified cases
are small in our study and further larger studies to confirm a dichotomy in PPTD are clearly
needed.
We consider it unlikely that the TPO-Ab- PPTDcases suffered from Graves' disease; arguments
are that all were TSAb negative and that Graves' disease patients do show CMI abnormalities
(II). In fact the etiology of our TPO-Ab~ PPTD is obscure, it is possible that one case was the
result of a subacute thyroiditis following viral infection (16). In previous studies comparable
proportions of TPO-Ab~ cases of PPTD were found. Pop et a!. described in an earlier study
from our region that 28% of PPTD cases were negative for MsAb in the third trimester of
pregnancy and p.p. (all hyper) (5). Gerstein found in his review of studies on the incidence of
PPTD also a group of cases with hyperthyroidism negative for MsAb and also came to the
conclusion that these cases could not be considered as Graves' disease cases (4).
Adaptation of the iIlllllune system of the mother is required for acceptation of the fetus and
maintaining pregnancy because the fetus expresses next to maternal also paternal HLAmolecules. Despite extensive research the precise mechanisms of the immune tolerance for
the fetus remains unclear (17). Both local placental and systemic alterations in the immune
system are responsible (17). In the very early pregnancy an accumulation of NK cells (with
distinctive phenotype: CD56+CDI6~ CD3~) and of macrophages/dendritic cells occurs in the
decidua; these cells are supposed to playa role in the acceptation of the carly pregnancy and
in the regulation of the local immune responses (17 -21). It is well established that these local
imIllune adaptations are associated with various alterations in the number and activity of
peripheralleucocytes, amongst which a decreased number and activity of NK cells (17,22).
In our study we confirmed that the percentages of blood NK cells were lowered during early
pregnancy. Our study is special in that it is the first study describing a diminished function of
the monocyte-derived DC in the first trimester of human pregnancy. Morphological changes
indicating alterations in the function of skin-localized DC (Langerhans cells) of pregnant
guinea pigs have been described before (23).
Recent research suggests that a normal pregnancy is accompanied by a shift from predominant
T helper-I (THI) to a predominant T hclper-2 (TH2) driven immune response characterized
by a decreased production of type-l cytokines (e.g. IL-2 and gamma-lFN) and an increased
production oftype-2 cytokines (22,24). Because IL-2 is a stimulator ofNK cells and gammaIFN induces DC activation and MHC-class II expression this Thl to Th2 shift might explain
both the lowered numbers and activity of peripheral NK cells and the diminished peripheral
DC clustering.
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We found percentages of activated T cells and the CD4/CD8 ratio in normal pregnancies
within reference limits. Results from other studies are conflicting in this respect: both lowered
and increased numbers of activated T cells and altered CD4/CD8 ratios have been found
(22,25), These differences in outcomes are probably the result of a difference in methods of
identifying the Iymfocyte subsets (we used the very sensitive double labelling technique, sec
materials and methods) (15),
Although the mechanisms of the adaptive immune alterations in pregnancy arc thus far from
clear it is the generally held view that the pregnancy state represents a state of relative
immullosppression, and that in the p.p. period the function of the immune system is restored
with a rebound phenomenon. Indeed the fall in the titre ofTPO-Absinpregnant women with
a p.p. rise is suggestive for such an assumption, and TPO-Abs likely contribute to the
development ofPPTD (26-28), However the prime pathogenetic role ofTPO-Absin thyrocyte
destmction is questionable, and Th 1 cell mediated processes are nowadays considered to be
the most important mechanisms of action in thyroid and other destructive endocrine
autoimmune diseases. The here reported data show that TPO-Ab+ women already have
alterations in various CM] functions from the first trimester of pregnancy onwards, about 1
year before a possible onset of clinical symptoms. These alterations included a lowered fMLPinduced monocyte polarization and a persistently lower number ofNK cells. We assume that
the lowered monocyte polarization and the lowered NK cell numbers reflect a state of subclinical
chronic autoimmune thyroiditis. Identicle CMI abnormalities have been found in other clinically
overt autoimmune endocrine diseases (8,11,12,29). The persistently lowered number of NK
cells might be a representation of an autoimmune related immunodysregulation since NK
cells are not only involved in target cell lysis but also in the regulation of the immune response
(30), The lowered polarization of blood monocytes towards fMLP might also represent such
immunodysregulation. Polarizing capability of monocytes not only reflects the chemotactic
ability, it also reflects the activation state of the peripheral monocytes and their recruitment
capacity into peripheral tissues (31), both important functions in immunoregulation.
It is remarkable that we found the percentages of activated MHC-class II+ T cells already
increased in the first trimester of pregnancy in TPO-Ab+ women who later developed PPTD.
This parameter of enhanced T cell activity might indicate that effector functions ofT cells are
out of balance in future PPTD patients and our observations might thus be compatable with a
view that Th 1 cells play an important pathogenic role in thyrocyte destmction. However a
pattern of suppression during pregnancy and a rebound phenomenon in the p.p. period was
not evident in the number ofMHC class II+T cells in the PPTD patients (neither was that seen
for NK ceBs and monocyte polarization disturbances). It is important to note in tlus respect
that Stagnaro-Green et al. found increased percentages of activated T cells (CD4+DR+) in
TPO-Ab' women (including those with later PPTD) in the second trimester of pregnancy
with a peak at 3 months p.p. (25). Clearly future studies should more closely investigate
numbers of activated T cells in relation to PPTD complicated pregnancies.
If our assumption of two forms of PPTD holds true, then identifying women at risk for the
TPO-Ab+ ("autoimmune") form of PPTD is more important than identifying those with the
TPO-Ab negative form because our data suggest that women with the TPO-Ab+ form are
prone to develop more symptomatology of hypothyroidism (lassitude, hoarseness, fragile
hair, paresthesia and depression). Moreover and more importantly, the literature indicates that
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they have a higher chance for pennanent hypothyroidism (32,33). Also reinvestigation of the
here reported TPO-Ab' PPTD' cases after 2-3 years shows that 25-30% of the cases now has
a permanent hypothyroidism (to be pnblished). Also, when prophylactic treatment with
thyroxine is considered to prevent symptoms during the hypothyroid period a correct
identification is essential to prevent under- and/or overtreatment. On the basis of the here
reported results the most feasible strategy to identify women at risk for the TPO-Ab' form of
PPTD might be a testing for TPO-Ab followed by measuring of percentages of activated T
cells in TPO-Ab+ women only. In fact a practical approach for implementing a screening

program would be the testing of all pregnant women at 12 weeks gestation for the identification
ofTPO-Ab+women, since at 12 weeks all women are regularly tested for bloodgrouplRhesus,
mbella-antibodies, Hepatitis B surface antigen and syphilis in our country. Moreover at that
time the prevalence and titres ofTPO-Abs are the highest. Thereafter the TPO-Ab' women
could be tested and followed for percentages of activated T cells which are probably high
throughout pregnancy (see fig. I and 2), The financial costs of this strategy are limited: about
10% of women aged 20-40 years have TPO-Ab and only these women need follow np with
tests for activated T cells. In the Netherlands it accounts for 18.000 women per year. FUliher
study to evaluate a fcasibility of such screening strategy and the effect oftreatmcnt on symptoms
is however clearly needed.
In conclusion the results of this study are an indication for the existence of two forms of
PPTD: a TPO-Ab' ("autoimmune") form (about twothird of cases) and a TPO-Ab~ ("nonautoimmune") fonn. The first form shows the more severe symptomatology and a possible
strategy for identifying women at risk for this form of PPTD would perhaps be a TPO-Ab
testing in combination with a follow-up for activated T cells. Further research on larger cohorts
of pregnant women to confirm our findings is however clearly needed.
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Fig. I

The percentages of CDI6+ CDS6+ NK cells (norm: 7.9±1.8%), activated (MHCclass W) CD3+ T cells (norm: 6.4±3.1 %) (fig. la), the percentage of monocytes
capable to polarize under the influence of the chemoattractant fMLP (norm: 30±8%)
and the capability of monocyte-derived dendritic cells to fonn cellular clusters (nonn:
187±S4 clusters/6microscopic fields) (fig. Ib) in normal (Hthyroidological
uneventful") pregnancies (I), in PPTD cases without TPO-Abs in gestation (II) and
in pregnancies positive for TPO-Abs (III) at 12 and 32 weeks of gestation (G12 and
G32). The latter group was subdivided in those women developing PPTD (IIIb) and
those not developing PPTD (IlIa). Shaded areas represent values found in healthy,
non-pregnant controls. Mean CO) ± standard deviations are given.

Accentuated bars represent values significantly different from those of healthy, nonpregnant controls (p<O.OS, Student's t-test, Instat® programme) P4=4th week post
partum. a = see figure 2.

'--~

15

PPTDTPO-ab+

Fig. 2

PPTD+
TPO-ab+

Of each TPO-Ab+ pregnant women at G 12 the mcan of the percentages of MHCclass IJ+ CD3+ T cells at G12, G32 and P4 was calculated and used as the value
(percentage) ofMHC-class IJ+ CD3+ T cells representative for that pregnant women
(G 12+G32+P4/3). The figure represents the means (± standard deviation) of these
latter values in TPO-Ab+ women not developing PPTD (11:::16) and in TPO-Ahl- women
who did develop PPTD (n=IO). The difference is statistical siguificant (Student's ttest, p<O.05, Illstat® programme), The hatched area represents values found in nonpregnant, healthy controls.
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Table 1. Study population, number (%) of women positive for TPO-antibodies in gestation
(TPO-Ab') and/or developing post partum thyroid dysfunction (PPTD+).
study population:

n = 310

100%

excluded:

n = 19

6.2%

in analysis:

n = 291
n = 21
n = 10
n= 15
n=5

93.8%
10.7%
3.4%
5.2%
1.7%

- TPO-Ab+, PPTD'
- TPO-Ab+, PPTD'
- TPO-Ab-, PPTD+

Table 2. Positive predictive value, sensitivity and specificity for all forms of PPTD of some
CM! parameters and ofTPO-Ab positivity at 12 weeks gestation. Firstly the values

are given for an abnormal monocyte polarization assay, activated T cells and an
abnormal percentage of NK cells in the peripheral blood alone. Secondly values are
also given when combined with TPO-Ab status.
pas-pred value

I.

specificity

Decreased monocyte poiarization#
Increased activated T cells'"

0.44
0.46

0.29
0.43

0.84
0.77

Decreased NK eells@

0.36

0.71

0.42

0.31

0.67

0.93

0.43
0.56
0.55

0.21
0.36
0.43

0.87
0.87
0.84

II. Positivity for TPO-Abs
irrespective eMI parameters·
Positivity for TPO-Abs

in combination with
decreased monocyte polarization
increased activated T cells
decreased NK cells
#:

monocyte polmization <20% polarized monocytes;

A.

activated T cells> 10% MHC-c1ass 11+ CD3+ cells;
NK cells <6% CDI6+ CD56+ cells;
TPO-Ab> 50

@:
*:

sensitivity
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Table 3. The development of the more severe TPO-Ab+("autoimmune") form ofPPTD in the
various groups of pregnant women tested for TPO-Ahs and for percentages of activated
circulating T cells

l.

II.

TPO-Ab+ ("autoimmune") PPTD cases developing from pregnant
women who arc
negative for TPO-Absa at 12 weeks gestation

0% (01260)

TPO-Ab+ ("autoimmune") PPTD cases developing from pregnant
women who are

positive for TPO-Abs' at 12 weeks gestation
III.

32% (10/31)

TPO-Ab' ("autoimmune") PPTD cases developing from pregnant
women who are
positive for TPO-Abs at 12 weeks gestation
pillS

increased numbers of activated circulating T
cclls b at 12 weeks gestation
IV.

58% (7/12)

TPO-Ab+ (Uautollmllune") PPTD cases developing from pregnant
women who are
positive for TPO-Abs at 12 weeks gestation
plus

increased numbers of activated circulating
T cells in follow-up'

71 % (5/7)

, TPO-Ab > 50 U/ml; b activated T cells> 10% MHC-cJass WCD3+cells at 12 weeks gestation;
mean activated T cells> 10% MHC-class 11+ CD3+ cells (mean of values measured at G12,
032 and P4, see also fig. 2

c
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Can thyroid peroxidase antibodies be regarded as a marker for depression?
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Abstract
Background. Depression is a major health problem with a high prevalence in women 20-40
years of age. The presence of thyroperoxidase antibodies (TPOAb) has been associated with
postpartum thyroid dysfunction and postpartum depression. However, most if not all of the
studies investigated the relationship at an univariate level and used a cross-sectional design.
Objectives. To investigate the relationship between TPOAb and depression during pregnancy
and in the 1st year postpartum, particularly in relation to other determinants of depression,
and to investigate whether elevated TPOAb levels in pregnancy are associated with depression
in the postpartum period.
IVlethods. A prospective study was performed in the region Kcmpcnland, south-eastern
Netherlands. 310 unselectcd women were visited at 12 and 32 weeks gestation and 4, 12,20,
28 and 36 weeks postpartum. TSH, fT4 and TPOAb testing was performed at each visit.
Depression was assessed according to the Research Diagnostic Criteria (ROC). Multiple logistic
regression analysis was performed to detennine independent risk factors for deprcssion in
gestation and/or postpartum. Calculated were odds ratios (ORs) with 95% confidence intervals
(95%CI).
Results. Data of 291 women were available for analysis. 41 women (14.1 %) had TPOAb at
onc or morc time points. Depression OCCUlTed more frequently in women with TPOAb women.
The multiple logistic regression analysis showed that TPOAb were independently related to
depression at 12 weeks gestation and at 4 and 12 weeks postpartum (OR (95%CI): 2.4 (1.16.0),3.8 (1.3-7.3) and 3.6 (1.2-7.1), respectively). After exclusion of women depressed at 12
weeks gestation (n=70), the presence ofTPOAbduringearly pregnancy was also related with
the development of postpartum depression (OR (95%CI): 2.8 (1.7-4.5); after exclusion of
women who had a depression in earlier life (n=51), TPOAb during eady gestation remained
related with postpartum depression (OR (95%CI): 2.9 (1.8-4.3).
Conclusions. The presence of TPOAb during gestation (a predictor for postpartum thyroid
dysfunction) are also related to the OCCUlTence of subsequent depression during the postpartum
period and as such can be regarded as a marker for depression.
Introduction
Depression is a major health problem with an I-year prevalence of 4-8% and has been associated
with an increased morbidity, a high risk for suicidal death and a threefold increased risk of
overall mortality (1,2,3,4). A n"Dor problcm of depression is its social and psychological
burden: it is estimated that more than half of the subjects with depression does not seek
professional care. Moreover, in subjects who visit their general practitioner, the diagnosis is
missed in up to 50% of the cases (5). Inadequately treated depression causes overmedicalisation: depressed patients shmv an increased consumption of medical care. Therefore,
it is important to have reliable and objective markers for the disease which make it possible to
detect it at an early stage.
Women are particular at risk to develop depression with an I-year prevalence of 8-12% (1,2,3).
During the first postpartum year depression has been repor1ed to occur in up to 15% of the
young mothers, and the negative impact of maternal depression on infant development is well
established (6,7). Moreover, 5 years after parturition, up to 50% of thc women still suffer
from not resolved or a renewed episode of depression (8).
The aetiology of depression is thought to be multifactorial: biological, genetic and psychosocial
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factors interact in order to provoke depression (4), A biological factor which relationship with
depression has often been described is thyroid dysfunction, which is mostly caused by thyroid
autoimmunity. An early sign of autoimmune thyroid disease - years before clinically overt
thyroid dysfunction develops - may be the presence of thyroid autoantibodies, i.e. antibodies
to thyroperoxidase (TPOAb). Around 10% of women over 20 years do have elevated
conentmtions ofTPOAb (9,10,11). These women arc particular at risk to develop overt thyroid
dysfunction, especially during the postpartulll period: up to 7% of all childbearing women

suffer from postpartum thyroid dysfunction (PPTD) whereas up to 50% of the women with
TPOAb develops PPTD (12-15). Women suffering from PPTD have been reported to have
higher prevalence rates of depression in the postpartum period (9,16,17).
Most if not all of the studies showing a relation between thyroid autoimmune disease and
depression used an univariate design while depression has a multivariate origin which means
that when looking at the effect of onc variable on depression, the influence of other determinants
of depression should be simultaneously taken into account (4). Moreover, the design of the
studies was retrospective and cross-sectionally in the majority of cases.
Therefore, we have investigated within a multivariate model the relationship between
postpartum depression and thyroid dysfunction cross-sectionally. Subsequently, we have
investigated within a longitudinal design whether the presence of thyroid autoimmune disease
during pregnancy is con-elated with the occunence of a depression after delivery.
Subjects and methods
Subjects
The study was petformed between January 1994 and April 1996 in the region Kempenland, a
semi-mml area in the south-eastern part of the Netherlands. In this region the iodine-intake is
low-nonnal (mean daily urinary iodide excretion 111±70 Ig (18». All consecutive women
(n::::448) who booked in for antenatal controls to the local midwives or the obstetrical department
of the St Joseph Hospital Veldhoven, were invited for a prospective study. None of the women
used thyroid medication. Of these, 310 women (69%) consented in participation. All women
were visited at home at 12 and 32 weeks gestation and at4, 12,20,28 and 36 weeks postpartum.
Nineteen women (6.1 %) were excluded from analysis: 7 women refused further participation
after experiencing spontaneous miscarriage or stillbirth, 1 suffered fro111 puerperal psychosis,
9 were pregnant again within 6 months after delivery (and therefore it was impossible to
evaluate postpartum depression) and 2 women moved out of the region. Data analysis refers
to the remaining 291 women.
At baseline visit, a family and personal history of autoimmune thyroid disease and previous
episodes of depression was performed; moreover lifestyle habits (medication, smoking habits
and alcohol intake) and social-economic status were registered. Detenninants which are known
from literature to be related to depression (demographic features [such as educational level,
marital state, eJnployment, number of children], the occunence of major life events [such as
bereavement, severe disease, accidents], or a previous episode of depression) were carefully
assessed. During the first postpartum visit the obstetrical history was performed. During all
visits venous blood samples ,vere collected into Vacutainer tubes (8 m1) for assessment of
thyroid function and TPOAb testing; serum was stored at -20°C.
Permission for the study was obtained from the Medical Ethics Committee of the Academic
Medical Centre, University of Amsterdam.

Methods

Thyroid function tests. TIle concentration of thyroid stimulating hormone (TSH) was measured
by an immunometric technique. based on enhanced luminescence (Kodak Amerlitc TSH-30,
Kodak Clinical Diagnosticts Ltd., Amersham, UK), The reference interval for TSH was 0.15
- 2.0 mUll, as defined for 225 non-pregnant women in the age group of20-40 years and living
in the same region. The interassay coefficients of variation were 20, 4.8, 6.3 and 5.1 % at
concentrations of 0.04, 0.68, 8.2 and 29.2 mUll, respectively. Free thyroxin (IT4) was
determined by using the Kodak Amcrlite MAB FT4 Assay; its reference interval was 8.7 -

19.6 pmolll, and was defined as described above. The interassay coefticients of variation were
11.1, 11.3 and 12.2% at concentrations of 6.1, 19.3 and 27.7 pmolll, respectively.
A free triiodothyronine (IT3) assay for diagnosing a possible T3-toxicosis was performed in
case of a decreased TSH but normal IT4 (reference interval: 4.0 - 8.0 pmolll; Amerlex MAB,
Amcrsham, Amersham, UK). Thyroid dysfuIlction was defined as an abnormal TSH in
combination with an abnormal IT4 (or IT3), subclinical thyroid dysfunction referred to an
abilOflnal TSH with normal1T4 (or IT3). TPOAb were measured by using the Immunometric
Enzyme Combikit (Orgentec GMBH, Mainz, Germany); a concentration of >50 U/ml was
defined as "positive" (TPOAb+). The interassay coefficients of variation were 18 and 8.5% at
concentrations of 18 and 1000 U/ml, respectively.
Depression was defined according to the Research Diagnostic Criteria (RDC) (19), which
discriminate bctween major and minor depression. During a short interview, syndromal
diagnosis was established by one investigator who was unaware of the thyroid function.
Statistical Analysis. Statistical analysis was performed by using SPSS-7. Differences between
groups were detennined using the Chi-square test. Multiple logistic regression analysis (using
the method Enter) was performcd to determine factors independently related with depression.
Introduced into the model were factors related with depression in the univariate analysis.
Calculated were Odds ratios (OR) with 95% confidence intervals (95%CI).
Results
A total of 41 women (14.1 %) were TPOAb+ at one or more time points. During the study 232
(80%) women remained euthyroid, 7 (2.4%) women showed clinical and 30 (10.4%) subclinical
thyroid dysfunction during pregnancy, 15 women (5.2%) developed clinical (PPTD) and 21
(7.2%) subclinical thyroid dysfuIlction during the postpartum period. The characteristics of
the TPOAb+ women did not differ from those without TPOAb with respect to demographic
and psychosocial features or obstetrical complications (Table 1).
In Figure I the point prevalences of (sub)clinical thyroid dysfunction, TPOAb concentrations
>50 U/ml and depression are shown for the whole study group. The highest prevalences of
thyroid dysfunction were found at 12 weeks gestation (largely due to gestational thyrotoxicosis)
and 20 and 28 weeks postpartum; the highest prevalences of depression were found at 12 and
32 weeks gestation and 12 weeks postpartum.
In Figure 2, the percentages of women with depression at each assessment point in relation to
the TPOAb status are shown. During pregnancy and early postpartum (up until 12 wceks
postpartum) women with depression presented more often elevated TPOAb concentrations.
Although not correlated in time (Figure 1), an association between TPOAb and thyroid
dysfunction andlor depression existed: both (sub-)c1inical thyroid dysfunction and depression
were significantly more prevalent in TPOAb+ women (Table 1).

65
In Table 2, a multiple logistic regression analysis shows the independent relations between
psycho-social determinants of depression, (sub-)c1iuical thyroid dysfunction and TPOAb,
and depression at each time point separately. The occurrence of a major life event was
significantly associated with depression at each assessment. The presence of TPOAb was
related with depression at 12 weeks gestation (OR~2.4; 95%CI 1.1-6.0) and during the first 3
months postpartum (4 weeks postpartum: OR~3.8 (95%CI 1.3-8.9) and 12 weeks postpartum:
OR~3.6 (95%C[ 1.3-7.3). Within the first 3 months after delivery, complications during labour
were also significantly related with the occurrence of depression (OR~3.7; 95%CI 1.3-5.7).
Clinical nor subclinical thyroid dysfunction were significantly related with depression (Table
2).
In order to answer the question whether TPOAb+ women in gestation but without an achml
depression were at risk for future (postpartum) depression all women who were depressed at
12 weeks gestation (n:::: 70) were excluded from the analysis. Of these excluded ,vomen 9
(12%) were TPOAb+ at 12 weeks gestation. In the 221 remaining women, the presence of
TPOAb at 12 weeks gestation was significantly related with the occurrence of postpartum
depression (OR~ 2.8; 95%CI 1.7-4.5). The presence ofTPOAbat 32 weeks gestation was not
signiticantly related with the development of postpartum depression (OR~ 2.4; 95%CI 0.6S.7). Subsequently, in order to exclude the possibility that a previous episode of depression in
a woman's'lifc might interfere with the occurrence ofTPOAb, these women (51; 5 (10%)
TPOAb+ and 21 (4 [ %) depressed at 12 weeks gestation) were also excluded from the analysis.
In the 191 remaining women, again the presence of TPOAb at 12 weeks gestation was
significantly related with postpartum depression (OR~2.9; 95%CI 1.8-4.3) which was not the
case for TPOAb at 32 weeks gestation (OR~2.3; 95%CI 0.5-7.1).
Discllssion
This study shows that there is an association between the presence ofTPOAb and depression
in women during pregnancy and up to 3 months after delivery: 30-40% of women with TPOAb
had a depression, contrasting to 15-20% of TPOAb negative women (see Figure 2). This
relation was also found within a multivariate model taking into account other determinants of
depression, such as the occurrence of a major life events and a family history of depression.
The presence ofTPOAbat 12 weeks gestation did also increase the risk for the development
of a depressive period after delivery (OR~2.9; 95%CI 1.8-4.3).
So far, an association between thyroid disease (both overt and subclinical thyroid dysfunction)
and depression has only been described using an univariate model in which higher prevalence
rates of depression and/or more severe complaints of depression were reported in TPOAb+
women (9,11,16,17). However, depression is thought to have a multifactorial origin which
implies that when investigating the effect of thyroid disease on depression other independent
factors should also be taken into account (4). \Vithin this model we fOllnd that 'classical'
deteIll1inants of depression also in our study were significantly associated with depression:
the occurrence of a major life event was significantly associated with depression at all
assessment points (ORs varying from 2.2 to 4.7). High ORs (varying from 3.0 (0 4.5) were
also found for a previous episode of depression at several assessment points (Table 2). It is
noteworthy that another cross-sectional survey in pcrimcnopausal women originating from
the same region also found an independent relation between TPOAb positivity and depression
using a multivariate model (10).
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An explanation for the relation between early forms of autoimmune thyroid disease (with
normal TSH and IT4 or IT3) and deprcssion is still lacking. In psychonenroimmnnological
snldies (which have been reviewed elsewhere) the relation between depression and alterations

in the inmlUne system have been studied and they present rather speculative conclusions
(20,21), However, the question whether depression precipitates immune alterations or immune
dysfunction precedes depression is far from being resolved. Within tills discussion, we excluded
women who had been suffering from a previous episode of depression (in earlier life and/or at
12 \'leeks gestation) in order to investigated whether women with TPOAb are at risk to develop
subscquent (postpartum) depression. An OR of 2.9 (95%CI 1.8-4.3) is suggestive for the

assumption that women with an already existing autoimmune thyroid disorder - without a
history of a previous episode of depression - are at risk for a first period of depression (in the
postpartum period).

As mentioned earlier, one major problem of depression (\vhich is a very common, serious but
treatable disease) in general is its hidden course: a substantial proportion of patients suffering
from depression does not seek for medical care and once the patient contacts a physician a
proper diagnosis is often not made (1-5). It is well known that TPOAb are an important risk
factor or a marker for the development of future overt thyroid dysfunction which also often
presents with atypical complaints. This study does suggest that TPOAb could be regarded as
a marker for future depression to OCCllr.
Several limitations oflhe study need to be mentioned. The numbers are rather small and other
putative biological determinants of depression were not included in the analysis which means
that the association between thyroid autoimmunity and depression should be interpreted with
caution.
\Vhat could be the clinical implications of tIlis study? It has been suggested earlier that screening
of women in the first trimester of pregnancy for TPOAb might be worthwhile, since these
antibodies are markers for later development ofPPTD (14, 17,22,23). Also, women with TPOAb

during pregnancy have an increased risk for an impaired development of their offspring (8).
The prcscnt study would add yet another argument for TPOAb screcning: women with TPOAb

during early pregnancy in the absence of a present or previous depression have a 3-fold
increased risk to develop a subsequent depression. Because of its high incidence (10-15%)
but its hidden nature, knowing the TPOAb status of a woman might help the cliIlician to
detect depression at an early stage after parturition. Subsequent adequate treatment might
prevent symptoms in the postpartum, might prevent possible negative effects on child
development, and might reduce the recurrence rate of depression.
This study was supported by grants from the Dutch Praevention Fund (002822380) and the

Dr. de Grood Foundation.
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Table I. Characteristics of 41 WOIllen tested positive for TPO-antibodies (TPO+) and 250
WOIllen negative for TPO-antibodics (TPO-).

mean age (yrs.) (±SD)
educational level (%)
- primary/secondmy school
- low college degree
- high college/ academic degree
smoking habits (%)
- never smoked
- stopped
- cUlTcntly smoking
parity (%)
-0
- <:1
complications in pregnancy (%)
complications during labour (%)
male gender of the child (%)
breastfecding (%)
previous episode of depression (%)
major life events (%)
major life events before 16 yrs. of age (%)
depression* (%)
subclinical thyroid dysfunction* (%)
clinical thyroid dysfunctiou* (%)

TPOAb+
30.8(±2.7)

TPOAb29.5(±3.2)

26
51
23

22
53
25

56
33
12

57
27
16

33
67
14

42
59
10
35
56
33
19
61
37
52 (p~0.03)
18 (p~O.OOOI)
4 (p<O.OOOOI)

35
54
23
14
54
42
70
44
26

*: at one or lllorc time points. during pregnancy and/or postpartum.

~

Tahle 2. Multiple logistic regression analysis (method Enter) in 291 women as assessed separatedly at 7 time points. Dependent variable: depression according to RDC. Odds ratio·s (95%CI).
Variable

12 wks ges

32 wks ges

4 wks pp

12 wks pp

low education level

1.5(0.9-2.4)

1.6(1.1-2.6)

1.3(0.8-2.3)

1.4(0.8-2.5) 1.8(1.1-3_2)

28 wks pp

36 wks pp

1.4(0.8-2.1)

1.3(0.7-2.2)
1.3(0.5-1.8)
1.4(0.8-2.4)
2.7(1.1-4.3)
2.0(0.5-2.3)
3.5(1.2-4.2)
2.0(0.3-21)

1.3(0.5-1.9) 1.2(0.7-2.4)
1.0(0.7-2.5) 1.2(0.6-1.9)
occurrence of major life events 3.0(1.S~5.8) 2.6(1.4-5.8) 2.2(1.1-4.6)
smoking
1.5(0.8-2.1) 1.2(0.9-2.0) 1.4(0.7-2.1)
previous depression
4.5(2.0-7.9) 3.0(1.5-5.8) 1.2(0.6-2.5)
subclinical thyroid dysfunction 1.5(0.6-8.1) 1.9(0.3-24) 1.8(0.5-16)
clinical thyroid dysfunction
7.6(0.6-53)
*
*
TPO-Ab >50 U/mJ
2.4(1.1-6.0) 2.4(0.7-8.9) 3.8(1.3-7.3)
complications in pregnancy
1.4(0.8-4.2) 2.1(0.6-7.4)

1.5(0.8-2.2)
1.1(0.7-1.8)
2.5(1.2-5.8)
1.3(0.7-2.2)
1.5(0.6-3.7)
1.8(0.4-19)
4.9(0.4-35)
3.6(1.2-7.1)

1.5(0.7-1.9) 1.2(0.6-2.1)
1.1(0.7-1.9) 1.3(0.5-1.8)
4.7(1.4-6.8) 4.3(2.0-7.1)
1.1(0.7-1.9) 1.0(0.6-1.7)
1.1(0.4-2.7) 1.4(0.6-3.9)
1.1 (0.3-17) 1.4(0.6-14)
2.2(0.2-43) 9.8(0.3-62)
2.8(0.8-7.4) 1.5(0.4-6.6)

complications during labour

3.7(1.3-5.7)

2.6(1.2-6.1)

breastfeeding

1.2(0.7-2.2)

1.5(0.8-1.9)

2.1(0.9-4.9)
1.3(0.8-1.9)

higher age

multiparity

1.2(0.6-2.1)
1.3(0.9-2.1)

20 wks pp

-: not relevant *: to few cases.

1.1(0.7-2.1)

*
1.0(0.3-6.1)

1.1(0.6-2.1)

71
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Figure 1.
The point prevalences of subclinical (abnormal TSH) and clinical (abnormal TSH and abnormal
ff4) thyroid dysfunction, TPO-antibody concentration >50 Vlml and depression according
to RDe criteria in 291 women during gestation and in the postpartum retiad. (12g. 32g, 4pp,
12pp, 20pp, 28pp and 36pp: 12 and 32 weeks gestation, 4, 12,20,28 and 36 weeks postpartum,
respectively).
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The percentage of women with depression according to the presence of TPOantibodies.

72

73

Chapter 2.4.

Low maternal IT4 concentrations during early pregnancy are
associated with impaired psychomotor development in infancy.

Victor J Pop', Johannes L Kuijpens', Allneloes L van Baar" Gerda Verkerk', Maarten
M van Son" Jan J de Vijlder" Thomas Vulsma', Wilmar M Wiersinga6, Hernmo A
Drexhage7, I-Iuib L Vader'.

Clin Endocrillol 1998; in press.

[Department of Social and Behavioral Sciences, University of Tilburg, 2Municipal Health
Service Southeast Brabant, Valkenswaard, -'Department of Neonatology, Academic Medical
Centre, Amsterdam, "'Department of Clinical and Health Psychology, University of Utrecht,
5Enuna Children's Hospital AMC, University of Amsterdam, 6Departmcnt of Endocrinology
AMC, University of Amsterdam, 7Depmtmcnt ofhnmunology, Erasmus University Rotterdam,
'Clinical Laboratories, St Joseph Hospital Veldhoven.

14

Abstract
Background. Maternal thyroid function during early pregnancy is an important determinant
of early fetal brain development because the fetal thyroid is unable to produce any T4 before
12-14 weeks' gestation. Overt maternal hypothyroidism as seen in severe iodine-deficient
areas is associated with severely impaired neurological development of the offspli.ng. At present,
it is not known whether low fT4 levels dming pregnancy in healthy women from iodine
sufficient areas may affect fetal ncufodcvelopment.
Methods. Neurodevelopment was assessed at 10 months of age in a cohort of 220 healthy
children, born after uncomplicated pregnancies and deHveries, using the Bayley Scales of
Infant Development. Maternal TSH, ff4 and TPO antibody status were assessed at 12 and 32
weeks' gestation. Maternal gestational ff4 concentration was defined as an independent
parameter for child development.
Results. Children of women with fT4 levels below the 5th «9.8 pmolll, n=II) and 10th
«10.4 pmolll, n=22) percentiles at 12 weeks' gestation had significantly lower scores on the
Bayley Psychomotor Developmental Index (PDI) scale at 10 months of age, compared to
children of mothers with higher fT4 values (t test, mean difference: 14.1,95% CI: 5.9 - 22 and
7.4,95% CI: 1.1 - 13.9, respectively). At 32 weeks' gestation, no significant differences were
found. In the group of women with the lowest 10th percentile ff4 concentrations at 12 weeks'
gestation, a positive correlation was found between the mothers' IT4 concentration and
children's PDI scores (linear regression, R: 0.46, p:::; 0.03). After correction for confounding
variables, an IT4 concentration below the 10th percentile at 12 weeks' gestation was a significant
risk factor for impaired psycho-motor development (OR: 5.8, 95% CI: 1.3 - 12.6).
Conclusions. Low maternal plasma fT4 concentrations during early pregnancy may be an
important risk factor for impaired infant development.

In pregnant women suffering from thyroid dysfunction, decreased maternal ff4 levels playa
critical role in the neurological development of the fetus, especially during the first trimester,
since the fetus does not produce thyroid hormone itself until 16-20 \veeks' gestation (Vulsma
et aI., 1989; Porterfield & Hendrich, 1993; Burrow et aI., 1994; De Zegheret aI., 1995; Emerson,
1996; Fisher, 1996). Similarly, animal and human studies have shown that impaired maternal
thyroid function during early gestation is associated with impaired fetal neurological
development, in contrast to matemal thyroid dysfunction in late gestation (Moneale de Escobar
et aI., 1990; Calvo et aI., 1992; Contempre et aI., 1993). To date, the relationship between the
thyroid hormone status of healthy pregnant women and infant neurodevelopment has not
been investigated in iodine sufficient areas. In a recent study, no relationship could be
demonstrated between maternal plasma rf4 levels at 32 weeks' gestation and the infant's
neurodevelopment at 5 years of age (Pop et aI., 1995). However, it might be argued that it is
the maternal plasma IT4 concentration earlier in gestation which is important for fetal
maturation and, consequently, for infant development (Calvo et a1., 1992; Contempre et a1.,
1993). The present study overcomes these limitations. Firstly, the maternal thyroid hormone
status was assessed in healthy women with no previous thyroid dysfunction, who experienced
normal pregnancies and deliveries. Secondly, in order to avoid possible bias on child
development from environmental factors (e.g. psycho-social aspects, diseases), child
development was assessed at an early age (10 months). Finally, the outcome of maternal ff4
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levels at 12 weeks' gestation on child development was compared with that of tT41evels at 32
weeks' gestation.

Subjects and Methods

Sample
The study was calTied out in an iodine-sufficient area in the south-cast of the Netherlands, in
and around the city of Veld hoven (Rees-Wortelboer et aI., 1987). Between January and
November 1994, 448 pregnant women at 12 weeks' gestation were invited to participate in a
longitudinal study of postpartum thyroid dysfunction. \Vomen receiving antithyroid drugs

and/or thyroid hormones were excluded. TIle participants were examined at 12 and 32 weeks'
gestation. four weeks' postpartum. and at eight-week intervals thereafter until 36 \veeks'
postpartum. The characteristics of the study group are shown in Table l.

Maternal thyroid determinants (fT4, TSH and TPO-Ab) were assessed in carly and late gestation
and in the postpartum period. Neonatal thyroid function was assessed on the fifth to seventh
postpartum days, as part of the Dutch national screening program for congenital
hypothyroidism. 310 Women (69%) consented to participate, 291 of them (94%) completed

the study. At ten months' postpartum, 268 women were still eligible to be asked for informed
consent to evaluate child neurodevelopment. Of the 23 women excluded, three had experienced
neonatal deaths related to pretenn birth, five had had children with congenital abnormalities,
and 15 women had moved outside the area. Of the remaining 268 women, 244 (91 %) consented
to participate. Of these, a further 24 were excluded for reasons of prematurity (4), severe
neonatal asphyxia (4), twins (3), severe eclampsia (2), lUG retardation (2) and a birth \veight
of < 2500 g (9). Data analysis is based on the remaining 220 women and their children, none
of whom had serious complications during pregnancy or delivery and the details of whom arc
shown in Table I.
Permission for the study was obtained from the Medical Ethics Committee ofSt Joseph Hospital
in Veldhoven.
Methods

Thyroid function \vas assessed by measuring the concentrations of thyroid stimulating
honnone (TSH, Kodak Amerlite TSH-30, Ultrasensitive Assay, Kodak Clinical Diagnostics
Ltd, Amersham, UK), free thyroxine (IT4, Kodak Amerlite MAB Fr4 Assay), and thyroid

peroxidase antibodies (TPO-Ab, Immunometric Enzyme, Combikit, Orgentec GMBH, Mainz,
Germany). Evaluation of the assays throughout the study showed interassay coefficients of
variation for a TSH of 20%, 4.8%, 6.3% and 5.1 % at concentrations of 0.04, 0.68, 8.2 and
29.2 mUn, respectively,for an IT4 of 11.1 %, 11.3% and 12.2% at concentrations of6.I, 19.3,
and 27.7 pmolll, respectively, and for a TPO-Ab of 18% and 8.5% at concentrations of 18 and
1000 IVlml, respectively.
Child ncurodevelopment was assessed by means of the Dutch version of the Bayley Scales
of Infant Development (Bayley, 1969). The Mental Developmental Index (MOl) scale of the

Bayley test evaluates aspects of functioning such as eye-hand coordination, manipulation,
understanding of object relations, imitation, and early language development. The Psychomotor
Developmental Index (POI) scale assesses gross motor development. The Dntch Bayley scales
(published in 1983) have a mean of 100 and a standard deviation of 16 (these are still considered
reliable) (Van der Meulen & Smrkovsky, 1983). All children were visited at home by one
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developmental psychologist who was blind to the thyroid hormonc and TPO-Ab status of the
mother during pregnancy.
Several confounding variables which have been repOlted in the literature to be related to child
neurodevelopment were assessed such as: maternal depression (using Research Diagnostic
Cdteda, RDC) (Spitzer et a!., 1978), psycho-social factors, demograhpic features, life-style
habits during pregnancy (smoking, alcohol), breastfeeding and the occurrcnce of stressful life
events.

Statistical Analysis. Statistical analyses were pelfonned using the Statistical Package of Social
Science (SPSS). Statistical testing was by Student's t test, linear regression and logistic
regression analysis. In the logistic regression analysis. an unadjusted model with low scores
on the Bayley Scales (below 1 SO of the mean, <84) was used as the dependent variable. The
independent variables were entered into the regression at a univariate level in order to assess
significant independent associations with the Bayley scores and, subsequently, at a multivariate
level, to control for confounding effects regarding the association between matcrnal fT4 and
these scores.
Results
Figure 1 shows the childrens' scores on the two Bayley subscales in relation to the maternal
plasma IT4 concentrations at 12 weeks' gestation. The scores on the Psychomotor
Developmental Index (PDI) of children of mothers with fT4 conccntratious in the lowest 5th
and 10th percentiles at 12 weeks' gestation were significantly lower than the scores of the
remainder of the group (mean diffcrence: 14.1,95% CI: 5.9-22.3, and 7.4, 95% CI: 1.1-13.9,
respectively). At 32 weeks' gestation, no differences in scores could be demonstrated between
any of the subgroups (data not shO\vn). Similarly, children of mothers with fT4 concentrations
in the lowcst IT4 5th and 10th percentiles had lower scores on the Mental Developmental
Index subscale (MOl), although these differences were not significant. Therefore, the POI
scores were studied more closely.
Figure 2 presents a scatter diagram of the group of women with the lowest 10th percentile
plasma IT4 concentrations at 12 weeks' gestation and correlates maternal fT4 concentrations
with their children's scores on the Psychomotor Developmentallndcx scale (POI). From tltis,
it can be seen that, the lower the mother's ff4 concentration, the lower the child's score
(linear regression, R: 0.46, p = 0.03).
All children who were assessed at 10 months of age had T4 and TSH values within the normal
range by approximately one week after birth, as assessed by the national screening programme
for congenital hypothyroidism (data not shown).
Table 2a shows the results of the independent associations between several maternal variables
and the low POI scores of the children. Alcohol use, maternal TPO-Ab status dming pregnancy,
fT4 in the lowest 10th percentile «10.4 pmol/l) at 12 weeks' gestation, gestational depression,
low educational level of the mother, and the occurrence of a negative life event, were all
significantly associated \vith a low PDI score. An ff4 concentration at 32 weeks' gestation in
the range of the lowest 10th percentile « 8.5 pmol/l) was not related to a low PDI score. In
order to correct the IT4 effect on the PDI scores for possible confounders of infant development,
a multivariate logistic regression analysis was carried out (Table 2b) with the PDI score as the
dependent variable. An fT4 concentration in the range of the lowest 10th percentile « 10.4
pmolll) at 12 weeks' gestation, alcohol intake by the mother during pregnancy, maternal
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depression during pregnancy, and the occurrence of negative life events (as rated by the mother).
were all significantly related to a low score (below 1 SD oftlle lllean) on the PDI scale. Again,
fT4 concentrations in the range of the lowest 10th percentile «8.4 pmol/l) at 32 weeks' gestation
were not related to impaired psychomotor development, neither were high titres ofTPO-Ab

dming pregnancy.
Discussion
This is the first study to show that low maternal ff4 concentrations in apparently healthy
women during early gestation implicate a significantly increased risk (RR 5.8) of impaired
neurodevelopmcnt in the infant.
Animal studies have shown that thyroid hormone is of major importance to early fetal cerebral
development, possibly due to its direct effect on the development of the cerebral T3 nucleus
receptor (Brent, 1994). Moreover, animal studies have shown, that during early pregnancy,
the fetus is totally dependent on maternal IT4 concentration, since it is unable to produce
thyroid hormone (Calvo et aI., 1992). In humans, clinical studies have shown that fctal and/or
neonatal thyroid hOlmonc deficiency, due to congenital hypothyroidism or iodine deficiency,
has a dramatic ncgative impact on cerebral development (Contempre et aI., 1993; Delange,
1996; Foley, 1996; De Vijlder & Vulsma, 1996). Moreover, premature neonates show
psychomotor retardation associated with low postnatal thyroxine concentrations (Den Duden
et aI., 1996; Reus et aI., 1996; Vulsma & Kok, 1996). These are all examples of mothers and
infants with serious health problems.
In contrast, this study questioned whether low normal plasma IT4 concentrations during
pregnancy in healthy women with no previous thyroid dysfunction guarantees an adequate
thyroid hormone status for the fetus, and we hypothesised that there might be differences in
the individual thyroxine requirements of mother and child. Since fetal development is
completely dependent on the maternal thyroid hormone supply, we measured IT4 at 12 weeks'
gestation. The regression line in Figure 2 suggests that, within the lower range (lOth percentile)
of maternal tT4 concentrations during early pregnancy, the young child's psychomotor
development is directly related to the maternal thyroid hormone status. In contrast, after the
first trimester of pregnancy, if there is sufficient iodine intake, the increasing fetal thyroid
hormone production gradually becomes responsible for fetal growth and development (Calvo
et ai., 1992; Contempre et ai., 1993). Indeed, at 32 weeks' gestation, low maternal fT4
concentrations were not correlated with impaired development.
W11Ht is the clinical relevance of a statistically significant impaired score on the PDI scale in
children of mothers with low IT4 during early gestation? A difference of 10 points on the
psychomotor developmental index score retlects a delay of one month in the development of
the retarded group (Bayley, 1969). Although the impact ofthis delay might be barely perceptible
at the age of 10 months, the consequences will be important if the difference persists in later
life. While it may be argued that ehild neurodevelopment on the Bayley Scales is more reliable
if the child is assessed at 18-24 months of age, the literature on prematurity (33 weeks' gestation)
and the outcome following prenatal compJications show that results from assessments at as
early as six months of age are able to predict the later outcome (Siegel, 1982; Van Baar & De
Graaff, 1994; Van Wassenaer et ai., 1997). The children in the present study were all born
after pregnancies and deliveries with no serio LIS complications, and were free of any explicit
abnormalities during the first postpartum year. In order to evaluate whether there is an
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association between child development and a prenatal factor in a cohort of children in whom
a barely perceptible difference could be expected, the investigation should be calTied out as
early as possible (for example. during a neonatal examination).
The clinical implications of these findings could be impressive. If children of women from
the general population in iodine-sufficient areas, with IT4 concentrations in the lowest 5th to
JOth percentiles during early gestation, are more likely to have impaired Ileuro-development,
the question arises as to whether this impairment could be prevented by the administration of
thyroxine to pregnant women with low maternal IT4 levels. The implications of this
supplementation for the offspring of women from iodine-deficient areas could be even greater.
From this study, one preliminary conclusion could be that maternal IT4 values in the low
normal range during early pregnancy are associated with impaired child development. Further
research is needed to determine whether these 'borderline' concentrations of maternal IT4
can any longer be accepted as 'normal', with regard to infant development.
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Table I. Characteristics of the study group.

Number of women

Educational level:
- 1 basic school
-2
-3
- 4 graduated/academic
Mean age of women (SD)

Parity: - primipara
- multipara
Smoking habits:
- never
- no smoking in pregnancy
- smoked in pregnancy

A

B

C

291

71

220

%

%

%

0.7
1.3
22.1
27.1
53.0
45.4
24.2
26.2
29.6 (3.2) 29.4 (3.2)
27 (38)
105 (36)
186 (64)
40 (62)

1.0
20.2
55.4
23.4
29.5 (3.1)
78 (35)
142 (65)

165 (57)
80 (28)
46 (16)

38 (54)
22 (31)
II (IS)

127 (58)
58 (26)
35 (16)

22 (31)
90 (31)
32 (46)
151 (51)
SO (17)
17 (23)
3441 (579) 3386 (624)
129 (44)
34 (47)
37 (53)
162 (56)
40 (57)
200 (69)

68 (31)
119(54)
33 (15)
3471 (550)
99 (45)
121 (55)
160 (73)

Alcohol intake:
- never

- no intake in pregnancy
- intake in pregnancy

Mean birth weight (SD)
Sex: no. of girls (%)
no. of boys (%)
No. of women breastfeeding* (%)
Mean fT4 concentrations (SD)
- 12 weeks' gestation
- 32 weeks' gestation
No. with TPO-Ab (%)
- 12 weeks' gestation

>50 U/ml
;0>.100 U/ml

13.2 (2.5)
10.4 (1.9)

13.6 (2.7)
10.8 (2.0)

13.1 (2.6)
10.4 (1.8)

29 (10)
18 (6.2)

5 (7)
3 (4)

24 (11)
15 (7)

15 (5)
8 (3)
15 (5)

2 (3)
2 (3)
2 (3)

13 (6)
6 (3)
13 (6)

70 (24)
110 (38)

19 (26)
29 (40)

51 (23)
81 (37)

- 32 weeks' gestation

>50 U/ml
;0>.100 U/1ll1
No. with postpartum thyroid dysfunction (%)
No. with depression (%)

- during pregnancy
- in the postpartum period

A: characteristics of the women in the original sample (0=291).
B: characteristics of the women not included in the follow-up (n=7l).
C: characteristics of the women in the follow-up study (0=220)
*: breastfeeding: at least four weeks of exclusive breastfeeding.
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Table 2. Fr4 and TSH concentrations in relation to TPO-Ab titers 0[220 women at 12 and 32
weeks' gestation. Reference ranges: IT4: 8.8-18 pmolll; TSH: 0.14-2.2 mUll.

A. IT4 (10th percentile)
IT4,<; 10th percentile
* TPO-Ab >50 U/ml
* TPOAb ;0,100 U/ml
IT4 > 10th percentile
* TPO-Ab >50 U/ml
* TPO-Ab ;0,100 U/ml
B.TSH
TSH <0.14 mU/ml
* TPO-Ab >50 U/ml
* TPO-Ab ;0,100 U/ml
TSH >2.2 mUll
* TPO-Ab >50 U/ml
* TPO-Ab > 100 U/ml

12 weeks gestation

32 weeks gestation

N

N

lOA pmolll
22

6
5
198
18
10
10
2
I
3
2
2

8.5 pmolll
22
7
2
198
6
4
4
0
0
I
0
0
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Table 3. Logistic regression analysis, method Enter; dependent variable: low score of the
Psychomotor Scale (PDl) of the Bayley scale of Infan Development (SD=16,
Mean=IOO). Low score: more than I SO below the mean. N=220.
A. Univariate regression
I. Pregnancy related factors:
- smoking during gestation
- obstetrical t~1ctors
- alcohol use during pregnancy
- TPO-Ab ~100 V/m1 at 12 weeks' gestation
- TPO-Ab ~100 Vlml at 32 weeks' gestation
- IT4 of lowest 10th percentile at 12 wks gest
- ff4 of lowest IDth percentile at 32 wks gcst
- breastfeeding
- female
2. Maternal mood slate:

- gestational depression
- postpartum depression
- postpartuill major depression
- depression in parents

O.lb

95%CI

1.7
1.2
3.0
3.8
2.9
3.6
I.l
1.2
1.3

0.6-5.2
0.6-2.9
1.4-6.6
1.3-10.2
0.6-13.8
I. t -12.1
004-3.2
0.6-2.5
0.5-3.1

3.1
104
1.0

1.3-6.3
0.8-2.7
004-4.0
0.5-1.9

1.9
1.8
1.5
1.9
1.9
O.R.

0.7-504
1.1-2.9
0.7-3.2
1.1-3.7
0.8-3.8
95%CI

1.2
1.2
3.3
304
2.7
5.8
1.0
IA
1.5

0.5-2.8
0.6-2.9
1.3-8.7
0.3-14.0
0.2-42.0
1.3-12.6
004-3.2
0.5-304
004-4.1

3.3
1.9
2.5
2.3

1.1-10.3
0.8-4.6
0.3-16.2
0.9-5.7

1.1
2.0
3.1
2.6
1.9

004-6.2
1.1-4.8
0.9-9.5
1.1-6.1
0.6-4.6

1.3

3. Demographic features

- marital state
-

low educational level
previous episode of depression
occurrence of negative life events
work outside home

B. Multiple regression
1. Pregnancy related factors:
- smoking during gestation
- obstetrical factors
- alcohol use during pregnancy
- TPO-Ab ~100 Vlml at 12 weeks' gestation
- TPO-Ab ~IOO U/ml at 32 weeks' gestation
- tT4 of lowest 10th percentilc at 12 wks gcst
- rI'4 of lowest 10th percentile at 32 wks gest
- breastfeeding
- female
2. Matcrnaimood statc
- gestational depression
- postpartum depression
- postpartum major depression
- depression in parents
3. Demographic features
- marital state
- low educational level
- previous episode of depression
- occurrence of negative life events
- work outside home
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figure 1. Differences in mean scores on the two Bayley suhscales comparing
different percentiles of fT4 at 12 weeks' gestation (t test).
A. Lowest 5th percentile «9.8 pmol/l n=11) versus remaining group

(n~209).

scores on the

subs cales
120 -

~
106

100 -

so psychomotor

mental

* mean difference: 14.1 (95% cr, 5.9 - 22.3)
B. Lowest 10th percentile «

10.4 pmol/l, n=22) versus remaining group (0=198).

scores on the
subscales
:120

-

100 -

so psychomotor

* mean difference: 7.4
C. Lowest 15th percentile «

mental
(95~

Cl, 1.1 - 13.9)

10.9 pmol/l, n_34) versus remaining group (nu186).

scores on the
subscales
120 -

9S
100 -

94.-

.-

so psychomotor

mental

D. Lowest 20th percentile «11.4 pmol/l, nR45) versus remaining group (n=175).
scores on the
subscales
120 -

112
108.-~

100 -

so psychomotor

mental

Figure 2.

Scatter diagram correlating the scores on the Psycho-Motor
Developmental Index Scale of children of women with
the lowest 10th percentile fT4 concentrations at 12 weeks'
gestation «

10.4 pmol/l, n=22).

scores on
the PDI
120

100

80

60
7.0

8.'

8.0

8.7

9.1

9.8

9.'

10.1

10.5

fT4 at 12 weeks' gestation
Linear Regression: Correlation: 0.46,

p

0.03
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Thyroid cancer in the South-east of the Netherlands, 1970-1989 trends
in incidence, treatment and survival.
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Abstract
Objective. To describe the (changes in) incidence, treatment and prognosis of thyroid cancer
(TC) in the period 1970-89 in the South-cast of the Netherlands.
Setting. Eindhoven Cancer Registry, Comprehensive Cancer Centre South (IKZ), Eindhoven.
Design. Retrospective.
Patients and methods. Data were collected from al TC patients (ICD-O code 193 and nonHodgkin lymphoma originating from the thyroid) diagnosed in the period 01-01-1970 - 3112-1989. Histological, treatment and survival (on 01-07-1991) data were collected. The
standardised incidence, prevalence, (relative) survival and mortality were calculated for men
and women.
Results. The mean age of the 297 TC patients was 52 years; the male-female ratio was 1:2.3.
46% Of the TC patients had papillary TC, 35% follicular TC. The incidence of TC increased
from 1.4 to 3.0/1 OO,OOOlyr for females, the incidence remained unchanged for males (l.1I
100,000/yr). The point prevalence (01-07 -1991) was 25.6/100,000 for females and 8.211 00,000
for males. TC patients were treated in all hospitals in the region and were increasingly first
seen by an internist. There was a trend to morc extensive surgical treatment and iodine-i3!
treatment in differentiated Te. For all TC patients the crude IO-year survival rate was 61 %,
the relative 10-year survival rate was74%. Survival was related with sex, agc and histological
typc. Mortality from TC remained very low.
Conclusions. The incidence and prognosis of TC were similar to the sUlTounding countries.
In general the recommendations from the consensus meetings for treatment of TC in 1985
and 1987 appear to be followed.
The (changing pattcm of) diagnostic procedures nnd treatment of thyroid canccr (TC) in the
Netherlands has been dcscribed frequently (I -9); howcver, thc incidence and the prognosis of
TC (and the problable changes that occUlTed) have not been described so far. The patient
groups described originated from univcrsity hospitals and oncologic ccntres (2,4,7-9). Little
is known about the treatment and the prognosis of unselected TC patients rcfcrred to general
hospitals.
TC is a rare malignancy: in 1989311 new patients were registered by the joined cancer registries
in the Netherlands, accounting for 0.6% of all new cancers (10). National data before 1989
are not available.
In this study the prevalence and incidence, the treatment and the survival of patients with TC
residing in Southeastern-Netherlands are described based on data derived from the cancer
registIy of the Comprehensive Cancer Centre South (1KZ). The incidence and the survival arc
being compared with data from the Netherlands and the surrounding ciountries; the treatment
wiI be related to the recommendations of the consensus meetings in 1985 and 1987 (3,6).
Patients and methods.
The cancer registlY of the Comprehensivc Cancer Centre South (formerly the Cooperativc
Association of Hospitals in Oncology; SOOZ) comprises a defined region with about I million
inhabitants in the southeastern of Noord-Brabant and middle and northern Limburg, and can
be considered as "complete" since the eady seventies. All hospitals and the radiotherapy
institutc in thc region participate in the cancer registry. Additional patient data are being derived
from oncologic clinics and university hospitals (II).

87
Diagnosis. Introduced ill this study were all patients diagnosed in the period I January 1970
- 31 December 1989. TC was defined as any malignant tumour primary originating from the
thyroid or aberrant thyroid tissue, or a distant metastase of a true thyroid tumour (fnternationai
Classification of Diseases for Oncology, 8th and 9th edition, (lCD-O)-code 193). The data of
the cancer registry were also screened for non-Hodgkin's lymphoma (NHL; ICD-O-code
202) primaty originating from the thyroid.
Personal data and date of diagnosis, histology of the tumour, hospital, first specialist and
treatment were obtained from the cancer registry. From 265 patients residing in the nucleus of
the registry area, survival up to 1 July 1991 was asked for in the municipal population registries
according to the last address. Based on the pathologist's reports, five types ofTe were discemed:
papillary, follicular, medullary and anaplastic TC, and other types (including NHL) (12).
Analysis. The incidence was calculated per 100,000 personyears for men and women and
standardised using the European Standard Population with a 3-year-mean for trend (10). Based
on all TC diagnosed since I January 1970, the point prevalence on 1 July 1991 was calculated.
The actuarial survival curves were estimated using a computer program of the Finnish Cancer
Registry (13,14). The "observed (crude) survival rate" is the slllvival based on death, inespective
of the cause of death. The "relative survival rate" is the ratio of the observed (crude) survival
rate and the expected survival (for a population similar in age- and sex-distribution) and can
be interpreted as the chance not to die ofTC (13). With data derived from the Central Bureau
of Statistics (CBS), mortality related to TC per 100,000 per year for males and females was
calculated in the same manner as the calculation of the incidence.
Results

Incidcncc. In the period 1970-1989297 new patients were registered. In particular the number
of new patients with papillary and follicular TC increased in the last 5-year period (Table I).
Amongst the different histological types, papillary TC was the most trequent (46%), followed
by follicular TC (35%). In total IO patients (3%) with medullary TC were registered; 3 of
these patients were relatives with a hereditary form of medullary TC. Six cases (2%) with a
primary thyroid NHL were registered. A summary of the patient characteristics is shown in
Table 1. The mean age was 53 years for males and 52 years for females.
The incidence ofTC in males remained stable around 1.l!IOO,OOO/year, in females the incidence
increased from 1.4 to 3.01l00,OOO/year due to an increase of papillary and follicualrTC (Figure).
ll1e point prevalence on I July 1991 was 8.2 and 25.61l00,OOO for males and for females,
respectively.
n·eatmcnt. Patients \vith TC were treated in all hospitals in the region, approximately 1-3 per
year. Two of the patients were initially treated outside the region in a university hospital or an
oncologic centre. From almost all patients data on the first specialist and the initial therapy
werc known (Table 2). Compared with the first 10 years period, a shift occurred in the second
10 years period from the surgeon to the internist as the tirst specialist performing the diagnostic
process. The initial therapy was in almost all cases surgical. ll1ere was a trend to morc extended
surgical procedures (see Table 2). External radiotherapy and chemotherapy were scarcely
administered. Three per cent of all patients did not receive oncological treatment. In the second
10 years period, patients with papillary TC underwent surgical treatment in the majority of
cases (79%; 40% totat thyroidectomy, 23% hemithyroidectomy and 10% thyroidectomy with
lymph node dissection). just as patients with follicular TC (88%; 63% total thyroidectomy,
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13% hemithyroidectomy and 8% subtotal thyroidectomy). From 142 patients data on one or
more follow-up therapies were reported. Only patients with differentiated TC received
radioactive iodine (lJIJ) therapy; the proportion patients treated \vith 131 1 increased from 21 %
to 28% in papillary and from 32% to 39% in follicular TC patients in the second 10 years

period. Radiotherapy was administered in total in 45 cases, most frequently in anaplastic TC
(of the 24 patients with anaplastic TC 14 received radiotherapy). Chemotherapy was

administered in 11 patients. Nine per cent of all patients were refclTed for further treatment to
a hospital outside the region (university hospital Of oncologic centre),
SUl'vival. Information about vital status up to 1 July 1991 was obtained for 260 patients. The
5- and 10-year survival rates are summarized in Table 3. The crude 10-year survival rate for
TC patients was 61 %; the relative 10-year survival rate was 74%, indicating that about a
fourth part of the patients with TC had died of TC. Survival appeared to be related to gender
(relative survival rates for males 67% and for females 77%), age (patients <30 years 98%, 3060 years 76% and >60 years 54%) and histological type of the tumour (papillary 93%, follicular
68%, medullary 77% and anaplastic TC 7%).
The relative survival increased from 69% in the first 10 years to 79% in the second 10 years.
The relative 10-year survival rates for papillary and follicular TC patients increased from
85% to 100% and [rol1161 % to 81 % in the second 10 years period, respectively.
The mortality related to TC remained vcry low around 0.71l00,000/year for both males and
females during the whole study period (see Figure).
Discussion
Incidence. In a twenty-year period 297 new patients with TC were registered. In the most
recent years papillary and follicularTCcases appeared to increase (see lhble I). The incidence
in Southeastern Netherlands in the early 80's (1.1/100,000/year in males and 2.0/100,0001
year in females; see Figure) was similar to that in the surrounding countries (Denmark,
Gennany, France, United Kingdom), but lower than in Norway and Sweden (15). The incidence
in the Netherlands in 1989 was 1.0 aud 3.0/100.000 for males and females, respectively (10).
An increase of the incidence (particular in papillary TC) did also arise in Norway and Denmark
(16,17). This increase of papillary TC was explained by earlier detection of the tumour (16,17).
The fact that (benign) thyroid disorders are more prevalent in women than in men is an
explanation for the excess changes in incidence in females (18,19). Through that, thyroid
disorders are looked for more frequently. Changes in the prevalence of risk factors for TC,
such as external radiation of the head and neck region, environmental exposure to radioactive
iodine or hormonal and fertility-related disturbances most likely did have a limited effect (16,
20-22).
Prevalence. Based on the point prevalence on 1 July 1991 in Southeastem-Netherlands, the
number ofTC patients treated since 1970 could be extrapolated as 1920 women and 615 men
for the Netherlands as a whole.
Histological types. In a study from the Rotterdamsch Radio-Thcrapeutisch Instituut (the
Rotterdam Radiotherapy Institute; RRTI) on 429 selected patients with a mean age of 55
years and diagnosed in the period 1950-1981,46% of the patients had papillary, 20% follicular,
5% medullary, 15% anaplastic Te, and 14% an other histological type (2% NHL) (4). The
distribution of histological types in patients registered by the Dutch cancer registries was:
papillary 48%, follicular 23%. medullary 10% and anaplastic TC 7%, and others 12% (Dutch
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Cancer Registry 1989, personal communication 1993). The mean ages at diagnosis for the
different histological types were comparable. The distribution of the histological types did
change in the course afyears: the proportion anaplastic TC decreased gradually, whereas the
proportion differentiated TC increased. This could explain the differences in results.
The male-ta-female ratio was 1:2.3 (sec Table 1); this was comparable with the results of the
RRTI study (4). In a population-based study from Norway, the male-to-female ratio was 1:3.1
(23).
In Southeastern-Netherlands, patients with (a probable) TC were increasingly first seen by an
internist (see Table 2). Tills appeared to be the rcsult of the introduction of ultrasonographic
examinations and, in particular. the introduction of fine-needle aspiration biopsy, which
facilitates a better pre-operative selection of patients (2,3,5-7,24), As a consequence, the number
of thyroid operations for thyroid nodules has decreased (19).
Treatment. TIle majority of patients with TC has been treated in one of the regional hospitals.
Only lout of 11 patients has been refened for additional treatment to a hospital outside the
region. More than 90% of all patients underwent initially surgical therapy; the proportion
extended surgical procedures increased (see Table 2). These findings are in accordance with
the recommendations described in the Dutch "Leerboek Chilllrgie" (1988) and the guidelines
developed during the consensus meeting in 1987: an increasing number oflotal thyroidectomies
peIformed in follicular TC and an increasing number of thyroidectomies with lymph node
dissection in papillary TC (6,25). Data on one or more follow-up treatments were available
for 142 patients. J3[I ablation therapy was the most frequent type of follow-up therapy.
Additional J3[I therapy was increasingly administered to patients with differentiated TC. This
was also in accordance with the recommendations from the consensus meeting (6).
External radiotherapy and chemotherapy were of limited value in the treatment ofTC: a small
number of patients received these therapies supplementary to surgical treatment. This is also
in accordance with the recommendations formulated for the Netherlands (6,25). Besides,
radio- and chemotherapy were prescribed months to years after the initial therapy, probably
when a relapse occurred.
Prognosis. The prognosis for TC patients was relatively good: the relative IO-year survival
rate was 67% for men and 77% for women compared to 27% for men and 44% for women in
cancer patients in general (13). The prognosis appeared to be related with age and histological
type (see Table 3). In the RRTI sttldy the disease-free lO-year survival was 52% and the
prognosis was related with age, histological type and stage of disease (4).
The prognosis ofTC patients improved in the course of years: in the RRTI study the 10-year
survival for patients diagnosed before 1965 was 45% and since 1965 56%, in our study the
relative lO-year survival rate was 69% for patients treated in 1970-1979 and 79% for those
treated in 1980-1989 (4). Explanations for the improvement of the prognosis are the increasing
proportion of less aggressive histological types (in particular papillary TC), an earlier detection
(resulting in less extended disease) and a better treatment, e.g. an increase of 131 1 ablation
therapies.
The prognosis for patients with papillary and follicular TC has improved in the second 10year period (see Table 3). The 10~year survival rate of papillary TC is similar to that for the
general population. SchelfllOut et a1. found a disease-free survival of 95% in papillary and
67% in follicular TC patients (9). Our findings arc also comparable with the findings of the
Norwegian cancer registlY in a comparable period (1970-1985) (23)Mol'tality. The mortality
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from TC was low: for men and women around 0.7/100,000 perjaar, accounting for only a few
men and women per year in Southeastern-Netherlands. In 198928 men and 70 women died
ofTC in the Netherlands (10). This accounted for 0.14% and 0.44% of all cancer deaths in
men and women, respectively. The mortality from TC was similar to that in the surrounding
countries (Belgium, Denmark, France, West-Germany and the United Kingdom) (26).
Acknowledgements. \Ve thank mrs. M. van Daal-\Vijnen for preparing the manuscript.
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Tahle I. Numbers and clinical characteristics of patiensts with thyroid cancer diagnosed in the period 1970-1989 in
Southeastern-Netherlands. per histological type and 5-year period.
Histological

1970-1974

1975-1979

1980-1984

1985-1989

total (%)

mean age years (range)

male:female

papillary

26

26

27

56

135 (46)

45.1 (16-83)

1 : 3.2

follicular

15

26

21

41

103 (35)

55.3 (13-85)

1 : 2.1

3

4

2

10 (3)

45.4 (16-61)

1:1

medullary
anaplastic

4

6

7

7

24 (8)

68.1 (51-87)

1:1

other

6

6

4

9

25 (8)

63.2 (40-83)

1 : 2.6

total

52

67

63

115

297 (100)

52.0 (13-87)

1 : 2.3
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Table 2. First specialist and initial treatment in 297 newly diagnosed patients with thyroid
cancer in the period 1970-1979 and 1980-1989. Numbers are percentages.

1970-1979
%

1980-1989
%

fit'st specialist
internist

35

surgeon
other

58
7

unknown
initial treatment
excisionlbiopsy*
surgery (total)

65

21

58
38
3
I

15
13

15
79
20
7

34

44
8
3

chemotherapy

3
4
I

no therapy

6

I

unknown

3

3

- hcmithyroidectomy
- subtotal thyroidectomy
- total thyroidectomy
- thyroidectomy with lymph node
disection
extcmai radiotherapy

* Only excision of the tumour or biopsy performed.

~

Table 3. Cumulative crude and relative 5- and lO-year survival rates in 260 patients with thyroid cancer in the southeastern of
Noord-Brabant and middle and northern Limburg diagnosed in the period 1970-1989. registered in the Eindhoven
Cancer Registry. The relative survival rate is the ratio of the observed of the expected survival (expected in a
population similar in age- and sex-distribution. SE: standard error).
numbers

observed 5-year survival relative 5-year surVival (SE) observed lO-year survival relative lO-year survival (SE)
%

total
men
women
age (years)
- <30

%

%

%

260
78
182

68
58
72

74 (3.3)
66 (6.8)
78 (3.7)

61
50
67

74 (4.2)
67 (8.6)
77 (4.7)

46

98

98 (2.2)

98

98 (2.2)

79

81 (4.3)
54 (6.1)

72
34

76 (5.5)
54 (8.7)

87 (6.3)
97 (3.8)

74
92

85 (7.9)
100 (3.9)

71 (9.1)
74 (7.8)
90 (13.6)
5 (5.2)
36 (1l.2)

49
67
69
4
32

61 (l0.8)
81 (8.5)
77 (20.9)
7 (6.6)
43 (13.3)

- 30-60
107
->60
107
histological type

44

- papillary
1970-1979
1980-1989
- follicular
1970-1979
1980-1989
- medullary
- anaplastic
- other

44

81

74

92

35
53
9
23

64
67
86
4
22

95
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Figure Trends in incidence and mortality of thyroid cancer in Southeastcm-Nethcrlands in
the period 1970-1989, for men and women separadctly, calculated with a 3-yearmean and standardised using the European Standard Population.
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Abstract
Background. Thyroid cancer (TC), comprising Icss than I % of all cancers in the Netherlands,
has a good prognosis in general. Controversy still remains on the extent of surgical treatment
and the indication for additional Iodine-l31 (l3lI) therapy in the management of differentiated
TC.
Objectives. To describe (changes in) the treatment of TC and to determine independent
prognostic factors for crude and relative survival of differentiated TC diagnosed in general
hospitals.
Setting. Eindhoven Cancer Registry, Comprehensive Cancer Centre South (LK.Z.), Eindhoven,
the Netherlands.
Design. Populatiollwbased, retrospective study.
Subjects and methods. Data were collected on all 343 TC patients diagnosed from 01-011960 to 31-12-1992. All available infonnation on treatment (initial and additional) and survival
(on 01-04-1994) were recorded. Initial surgical treatment was defined as limited or extended.
Multivariate analysis of cmde and relative survival to determine prognostic factors for
differentiated TC was performed.
Results. Mean follow-up was 7.6 years. The proportion patients with differentiated TC
increased from 60% to 84%. TC patients were treated in all hospitals in the region.
approximately 2-4/year. Ninety percent of all TC patients initially underwent surgical treatment;
the extended procedures increasing from 27% to 61 %. IJtI was also administered increasingly
(from 18% to 44%) to patients with differentiated TC. The relative 5, 10 and 20 year Sl,;vival
rates for all TC were 79%,75% and 74%, respectively. In the first 5 years after diagnosis the
crude death ratio was higher with the rise of age and for the follicular type and after 5 years
for males and advanced disease. After inclusion of surgical treatment into the model, the
estimates of the other death ratios did not change. Patients treated with IJII did better only
during the first 5 years.
Conclusion. Although the prognosis forTC patients treated in general hospitals in Southeastern
Netherlands was similar to that found for patients treated in referral centers. concentration of
treatment should be considered.

Introduction
TIle incidence of thyroid cancer (TC) is low in the Netherlands: in 1993 340 new patients (96
male, 244 female) were registered by the Dutch Cancer Regishy (0.5% of all cancer cases);
the European standardized incidence rates were 1.3 and 2.7 per 100.000 inhabitants per year
for men and women, respectively (I). In generalSO% of newly diagnosed TC are differentiated
(papillary or follicular) tumours which have a relatively good prognosis.
A consensus conference on the management of differentiated TC in the Netherlands (l9S7)
developed guidelines for the diagnostic strategy and for surgical and additional Iodine-131
131
(
1) therapy (2). However. controversy remained on the extent of surgical treatment both in
the Netherlands and abroad (2,3,4,5). Some authors promote total thyroidectomy with or
without (modified) neck dissection (3,6,7,S); others state that patients subjected to less extensive
surgery (e.g. lobectomy inc!. ishtmusectomy) have a similar prognosis with fewer complications
(postoperative hypoparathyroidism, vocal cord paralysis) (9,10). Three recent studies of patients
with papillary andlor follicular TC concluded that Illore extensive forms of surgelY followed
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by 131I ablation led to a better long-term prognosis (5,8,11), although the optimal dose for 131I
ablative therapy is unknown (5,12).

Multivariate analysis has shmvn that cmde and/or relative survival are related to age at diagnosis,
histological type and cellular differentiation, and stage (5,8,11,13-22); gender was only found
to be related to survival in five snldies of mainly differentiated TC (5,11,14,21,22). Various
forms of extended or radical surgery were related to better prognosis, but the results were not
conclusive (5,8,11,20,21). Few studies are population-bascd (20,22), whereas most studies
stem from large referral centers and introduced selected patients.
The objectives of this snldy are: to describe the (changing) pattelll of treatment, also in relation
to the recommendations of the 1987 consensus meeting, and to determine factors related to
long-term survival of differentiated TC.

Subjects and methods
TIle data used for this study came from the Eindhoven Cancer Registiy. which was founded in
1955 and became part of the Comprehensive Cancer Centre South in 1983. The registry covered
a growing area; between 1960 and 1969 it consisted of 15 municipalities with approximately
300,000 inhabitants, since then it has increased to encompass 51 municipalities with about 1
million inhabitants in an area covering 2500 km2. All hospitals are served by the Radiotherapy
Institute as well as the cancer registry. Data on histological type of the tumour, stage and
initial and following therapy were obtained from copies of the pathologist's rep0l1s and from
the patient records of the hospitals and the Radiotherapy Instinrte, which also provided "II
treatment.
The records of all 343 patients with a tumour originating from the thyroid diagnosed from 0101-1960 to 31-12-1992 were studied; the 6 patients with a non-Hodgkin's-Iymphoma (NHL;
1 male, 5 females, age 40-83 yrs.) were excluded from analysis because of the different nature
and therapy of this malignancy.
The pathological classification was in accordance with the recommendations of the World
Health Organization: papillary, follicular, mcdulJary (C-cell) and anaplastic carcinoma, and
others (including NHL) (23).
Postoperative stage could be classified according to the recormnendations of the Union
Intemationale Contre Ie Cancer (24), except for 88 patients who were mostly diagnosed before
1975.
Initial surgical treatment was classified as limited (excision of the tumour or surgical biopsy,
lobectomy, subtotal thyroidectomy) or extended (total thyroidectomy with or without lymph
node dissection); initial external radiotherapy or chemotherapy was also reported. Additional
treatment consisted of radioactive iodine ablation (13[1), radiotherapy, other (surgery,
chemotherapy) or none.
A teaching hospital was presumed to have training t~lcilities for residents in surgety andlor
internal medicine, "other hospitals" were hospitals outside the region, mainly referral centers.
Information about vital status up to 01-04-1994 was obtained for 327 patients (95.3%); 16
patients (4.7%) were lost to follow up.
Analysis. Eight TC patients (4 males, 4 females; age 63-85 yrs.) who died within 1 month of
diagnosis were excluded from survival analysis. Survival (time from diagnosis) was calculated
as crude and relative survival, the latter being the ratio of the crude rates to the expected rates
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(25). Expected survival rates for the regional population were calculated from life tables
(supplied by the Netherlands Statistics) compiled according to gender, age and period of
diagnosis (1960-74, 1975-84, 1985-92) for the regional population. Crude survival curves

were calculated using the Kaplan-Meier method. Comparisons between groups were made
by means of the log-rank test. Cox's proportional hazard regression model was used to assess
the prognostic value (calculated as rate ratio (RR) and 95% confidence interval (95%CI)) of
several factors simultaneously for crude and relative survival. Relative survival was modelled
with the RelsUfv program (version LOn) which uses Cox's proportional hazard approach
(26), Possible interaction terms expected to have influence on survival and interaction terms
possibly related to treatment were investigated in the model of crude survival. None of these
were significant, maybe also as a result of low numbers. The Cox model assumes that the
vmious factors have a proportional effect on the outcome. This assumption was checked
graphically as well as by adding the covariates as time-depcndcnt factors to the model. Since
the assumption of proportionality appeared to be violated when the total follow-up time after
diagnosis was considered, separate analyses were pelformed for the first 5-year interval and
after 5 years. For the first interval patients were censored at 5 years. For the second interval
only patients who were still alive at the beginning of the next period were considered. The
landmark of five years was chosen on the basis of an observed shift in survival around the
five-year follow-up point. We were not able to calculate RR using the Relsurv program for the
period after five years because few events occun·ed. The factors introduced in the main model
were period of diagnosis, age, age categOlY «45 yrs., 45-60 yrs., >60 yrs.), gender, histological
type (papillary or follicular; the other histological types were excluded because the numbers
were small) and stage. The model was extended with initial and additional treatment.
Results
The mean follow-up of the 337 patients was 7.6 years (range 1.3-34 yrs.); 30% of patients
were followed for ~10 and 10% ~20 years. TIle clinical characteristics of the patients are
listed in Table 1. The male/female ratio was 0.4. The mean age at diagnosis for papillary,
follicular, medullary or anaplastic TC, which was 43 (range: 5-83),55 (13-85), 43 (16-61)
and 67 years (43-87), respectively, remained stable for all histological types dming the entire
period.
The percentage patients with papillary or follicularTC increased from 37% and 23% in 196074 to 50% and 34% in 1985-92, respectively. Medullmy TC was diagnosed in 12 patients
(4%); 3 patients had a familial form of medullary TC. The percentage patients with medullmy
or anaplastic TC remained stable; the percentage patients with TC classified as "others"
decreased.
For 249 patients the stage was knmvn. Papillary TC patients had more stage I-II disease
compared with follicularTC patients: 83% versus 61 %. Anaplastic TC was classified as stage
IV according to the recommendations of the IDeC. The percentage stage I-II disease increased
from 77% to 85% for papillary and from 50% to 67% for follicular TC in 1975-84 and 198592, respectively.
Treatment. TC patients were treated in all hospitals in the region, approximately 2-4 per year.
The initial diagnosis of 47% of the TC patients was made by an intemist, 48% by a surgeon.
Initial treatment is summarized in Table 2. Nine out of ten patients underwent surgery; the
proportion initially receiving limited surgery decreased from 63% in 1960-74 to 34% in 1985-
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92; whereas the proportion subjected to extended surgery increased from 27% in 1960-74 to
61 % in 1985-92. Extended surgery was performed increasingly in all age groups (<30 yrs: 39
vs. 58%; 30-59 yrs: 32 vs. 72%; ;060 yrs: 36 vs. 51% iu 1960-74 vs. 1985-92). Papillary,
follicular and medullary TC patients received more extended surgery compared to anaplastic
TC patients: 49%, 62% and 67% VS. 29%. Extcmal radiotherapy was prescribed predominantly
for anaplastic TC patients, both initially and during follow-up. Patients treated in teaching
hospitals underwent morc extended surgery compared to non-teaching hospitals (57 VS. 49%).
The initial and additional treatment of differentiated TC patients only is illustrated in Figure
1. DII therapy was available in the region during the whole study period: 46 papillary and 39
follicular TC patients were treated with 131 1 after surgical therapy. [3[1 therapy was administered
relatively more often to follicular than to papillary TC patients (35 vs. 31%), more often to
female than male patients (36 vs. 22%). and more often to younger than older patients «30
yrs: 31%; 30-59 yrs: 38%; ;060 yrs 23%). TIlere was no association with stage or type of
initial surgical therapy. In teaching hospitals patients received I3!I therapy more frequently
than iunon-teaching hospitals.
Survival. Figure 2 shows the crude and relative survival for the whole study group. It is clear
that after 10 years there is no excess mortality. In Table I crude and relative survival are
related to putative prognostic factors. In the univariate analysis, better survival was related to
female sex, age <45 yrs., papillary type of the tumour and stage I-II disease.
Papillary TC had the best prognosis, followed by follicular and medullary TC (log-rank test:
p~0.004) (Figure 3). Differentiated TC patients treated with 13[1 did better than those not
treated with [3[1 (log-rank test: p~0.046).
The results of multivariate analysis of cmde survival for patients with differentiated TC are
shown in Table 3A. In the first five years the observed death rate was related to increasing age
and the follicular type of tumour. Introduction of treatment into the model did not influence
the other factors; patients who were not treated with !J!I exhibited an increased RR (Table
3A). After five years females exhibited a decreased and patients with stage m-IV disease had
an increased death rate. After five years the effects of age and histological type declined and
introduction of treatment into the model resulted only in a decreased risk of dying for patients
treated in 1975-84. The RR of patients treated with !3!I became similar to those not treated
with !J!1.
Table 3D shows the results of multivariate analysis for the relative survival of differentiated
TC patients. TIle results for the first five years were similar to those for crude surviva1. However,
the RR patients initially treated with radiotherapy increased to 15.
Discussion
The present shldy indicates that patients with differentiated TC admitted to general hospitals
in our area received therapy as reconunended by a consensus conference in 1987 and that the
prognosis of these patients was similar to those treated in large referral centers. The mean
ages and male/female ratios for the different histological types were in accordance with other
European studies (13,16,17,19,27), whereas dilIcrentiated TC patients were younger in studies
originating from the USA (5,8,11,22). Compared to other population-based studies the
proportion with papillary TC was lower (Table 1): 43% versus 60-74% (20,22,28).
Treatment. At a consensus conference on the management of differentiated TC (1987)
hemithyroidectomy was considered acceptable for treatment of well-differentiated papillary
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or follicular TC confined to one lobe, with no lymph node metastases (or only on the side of
the tumour in papillary TC) and no distant metastases and total thyroidectomy was to be

performed ill all other cases (2). Stable percentages for lobectomy and increasing percentages
for total thyroidectomy (extended surgery) were found, especially among those with
differentiated TC (Table 2, Figure I). It appeared that the recommendations of the consensus
meeting were already common practice in the region during the period 1975-84.
A total-body scan with 131 1 was performed in the majority of cases 6 to 8 weeks after surgery
and patients with a positive scan then received an ablation dose of 50 mCi 1311. The increasing
percentage patients who received 13[1 (Figure 1) was also in accordance with the
recommendations of the consensus meeting and other authors: JJ\I should be given to all
patients with follicular and advanced papillary TC to ablate remaining normal or neoplastic
tissue and metastases (2,29,30).

A 1993 Dutch Health Council report on the qnality of care in oncology reconunended a
certain degree of regional concentration of care for TC patients and quality improvement
could be achieved by regional agreements between specialists (31). The differences in treatment
between teaching and non-teaching hospitals in our region with only general hospitals were
small but nonetheless not negligable. The small number of TC patients per hospital and the
decreasing number of thyroid operations in The Netherlands may be an argument for regional
concentration because the results and postoperative complications of thyroidectomy depend
upon the experience of the surgeon (4,6,8,32).
Survival. The results of the univariate analysis of survival (all histological types) were
comparable to those of studies from both referral centres and cancer registries. The relative 5and 10-year survival was 76% and 72% for males and 81 % and 78% for females. respectively.

In a popUlation based study from Norway (1970-85), 5- and lO-year survival (only TC deaths)
was 76% and 66% for males and 82% and 79% for females. respectively, wIllIe in a study

from Denmark (1978-82), 5- and lO-year relative survival was relatively low: 52% and 48%
for males and 65% and 59% for females, respectively (20,33). In the population-based SEER
program in the United States (1973-91), 5- and lO-year relative survival was 93% and 93%
for males and 96% and 95% for females, respectively (22). TI,e good results are likely to be
explained by the greater proportion of papillmy TC (74%), possibly also due to overdiagnosis.
In our study relative survival was related to age at diagnosis. histological type and stage

(Table I), as in other studies (13,16,20,22,33).
The fact that patients who underwent extended surgery did slightly better compared to patients
who underwent limited surgery (Table I) can largely be explained by selection (patients with
differentiated TC received more extended surgery compared to the other histological types
willch have a worse prognosis).
The multivariate analysis was performed only for differentiated TC. In most other shldies
independent factors related to the prognosis were age, histological type and cell differentiation

and extent of disease (stage) (5,8,13-22); gender was related to prognosis in studies with
relatively long-term follow-np (5,11,14,21,22). In the present study the effect of these
prognostic factors was clearly different in the first five years (when younger patients, patients

with papillary TC and those treated with IJII did better) compared to later years (when females
and patients with stage I-II disease did better). This may also explain the diffcrences in outcome
between studies.
Inclusion of initial and follow-up treatment in the multivariate analysis did not affect the other
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prognostic factors. A favourable effect on prognosis for differentiated TC patients undergoing

morc extended forms of surgery was found in three studies of selected patient groups, moreover
with different definitions of extended surgery (5,8, II). In this study the extent of surgical
therapy was not related with a better prognosis (Table 3).
Patients treated with I3!I had a better prognosis compared to patients without this treatment
only in the fIrst 5 years. The latter group, however, most likely consisted of patients without
indications for!3lI treatment (negative diagnostic scans) Of patients who were not referred for
pClforming a diagnostic scan and evenhml treatment (patients with all stages of disease; some
of these patients can be considered as "undertreated", mainly in the period before 1984 (Figure
1)), Initially more advanced disease (e.g. metastases on the diagnostic scan) and/or the
development of second tumours may be explanations for the fact that the long-term prognosis
of patients treated with 131 I did not differ from those not treated with t31I.
The results of multivariate analysis for cmde and relative sUlvival were more or less identical
in the first 5 years (Table 3), because correction for expected death has only a limited effect
among relatively young patients with a good prognosis (see also Table 2: relative survival for
papillary and follicular TC).
Conclusion. The prognosis for unselected TC patients treated in general hospitals in
Southeastem Netherlands was similar to that for selected series of patients treated in referral
centres. The prognosis of patients with differentiated TC was in the first 5 years of follow-up
better for younger patients and papillary type of tUIllour, and after 5 years better for females
and stage I-II disease. Additional 1311 treatment was related to a t~lVourable prognosis only in
the first five years. Regional co-operation (e.g. by developing regional guidelines for diagnostic
procedures and therapy) of endocrinologists, pathologists, surgeons and radiotherapists may
further improve the results of treatment.
References
I. Visser 0, Coebergh JWW, Schouten LJ. Incidence of cancer in the Netherlands. Fifth
report of the Netherlands cancer registry. Utrecht: SIG Zorginfonnatie, 1996.
2. Velde CJH van de, Hamming JF, Goslings BM, et al. Report of the consensus conference
on the management of differentiated thyroid cancer in the Netherlands. Eur J Cancer Clin
Oncol 1988,24,287-292.
3. Hamming JF, Velde CJH van de, Goslings BM, et al. Prognosis and morbidity after total
thyroidectomy for papillary, follicular and medullary thyroid cancer. Em 1 Cancer Clin
Oncol 1989,25,1317-1323.
4. Siperstein AE, Clark OH. Carcinoma of follicular epithelium. Surgical therapy. In:
Braverman LE, Utiger RD, eds. Werner and Ingbar's The thyroid: a fundamental and
clinical text. 6th ed. Philadelphia, JB Lippincott Co., 1991, 1129-1137.
5. ivlazzaferri EL, lhiang SM. Long-term impact of initial surgical and medical therapy on
papillary and follicular thyroid cancer. Am J Med 1994,97,418-428.
6. Clark OH, Levin K, Zcng Q, Greenspan FS, Siperstein A. Thyroid cancer: the case for
total thyroidectomy. Eur J Cancer Clin Oncol 1988,24,305-313.
7. Attie IN. Modified neck dissection in treatment of thyroid cancer: a safe procedure. Eur
J Cancer Clin Onco11988, 24, 315-324.
8. DeGroot Ll, Kaplan EL, McCormick M, Straus FH. Natural history, treatment, and course
of papillary thyroid carcinoma. J Clin Endocrinol Metab 1990, 71, 414-424.

104

Hay!D, Grant CS, Taylor WF, McConahey WM. Ipsilateral lobectomy versus bilateral
lobar resection in papillary thyroid cancer: a retrospective analysis of surgical outcome
using a novel prognostic scoring system. Surgery 1987,102, 1088-1094.
10. Cady B, Rossi R. An expanded view of risk-group definition in differentiated thyroid
carcinoma. Surgery 1988, 104, 947-953.
11. Samaan NA, Schultz PN, Hickey Re, ct al. The results of various modalities of treatment
of weB differentiated thyroid carcinoma: a retrospective review of 1599 patients. J Clin
Endocrinol Metab 1992,75,714-720.
12. Bal C, Padhy AK, Jana S, Pant OS, BasH Ak. Prospective randomized clinical trial to
evaluate the optimal dose of 131 I for remnant ablation in patients with differentiated
thyroid carcinoma. Cancer 1996, 77, 2574-2580.
13. Byar DP, Green SB, Dol' P, et al. A prognostic index for thyroid carcinoma. A study of the
EORTC Thyroid Cancer Cooperative Group. Eur J Cancer 1979, 15, 1033-1041.
14. Tubiana M, SchluIllberger M, Rallgier P, et al. Long-term results and prognostic factors
in patients with differentiated thyroid carcinoma. Cancer 1985, 55, 794-804.
15. Hannequin P, Liehn Ie, Delisle .MJ. Multifactorial analysis of survival in thyroid cancer.
Pitfalls of applying the results of published studies to another population. Cancer 1986, 5
8, 1749-1755.
16. Romme ACM, Putten \VLI van, Alexieva-Figusch J, Klijn JGM. Prognostic t~lCtors in
patients with a thyroidal tumour; follow-up data of 429 patients. Ned Tijdschr Genceskd
1986, 130, 731-736. (in Dutch)
17. Tennvall J, Biorklund A, Moeller T, Rcnstam J, Akerman M. Is the EORTC prognostic
index of thyroid cancer valid in differentiated thyroid carcinoma? Cancer 1986, 57, 14051414.
18. Simpson WJ, McKinney SE, Carruthers JS, Gospodarowicz MK, Sutcliffe SB, Panzarella
T. Papillary and follicular thyroid cancer. Prognostic factors in 1578 patients. Am I Med
1987,83,479-488.
19. SchelfllOut LJDM, Creutzberg CL, Hamming JF, et al. Multivariate analysis of survival in
differentiated thyroid cancer: the prognostic signifcance of the age factor. Eur J Cancer
Clin Oncol 1988,24,331-337.
20. Akslcn LA, Haldorsen T, Thoresen SO, Glattre E. Survival and causes of death in thyroid
cancer: a population-based study of 2479 cases from Norway. Cancer Res 1991, 51,
1234-1241.
21. Akslen LA, Myking AO, Salvesen H, Varhaug JE. Prognostic importance of various
clinicopathological features in papillary thyroid carcinoma. Eur J Cancer 1993, 29A, 4451.
22. Gilliland FD, Hunt WC, Morris DM, Key CR. Prognostic factors for thyroid carcinoma.
A population-based study of 15.698 cases from the Surveillance, Epidemiology and End
Results (SEER) Program 1973-1991. Cancer 1997,79,564-573.
23. Hedingcr C, ed. Histological typing of thyroid tumours, 2nd cd .. Berlin: Springer-Verlag,
1993.
24. International Union Against Cancer. TNM classification of malignant tumours, 4th ed ..
Berlin: Springer-Verlag, 1992.
25. Hakulinen T, Gibberd R, Abeywickrama K, Siiderman B. A computer program package
for cancer survival studies. Helsinki: Cancer Society of Finlalld Publication No. 39, 1988.
9.

105
26. Hedelin G. RELSURV 1.0. a program for relative survival. Technical report Department
of epidemiology and public health. Strasbourg: Louis Pasteur University, 1995.
27. Akslen LA, Haldorsen T, Thoresen SO, Glattre E. Incidence pattern of thyroid cancer in
Norway: influence of birth cohort and time period. Int J Cancer 1993,53, 183-187.
28. Zheng T, Holford TR, Chen Y, et a1. Time trend and age-period-cohort effect on incidence
of thyroid cancer in Connecticut, 1935-1992. Int J Cancer 1996, 67, 504-509.
29. Beierwaltes WHo The treatment of thyroid carcinoma with radioactive iodine. Semin Nucl
Med 1978, 8, 79-94.
30. Goolden AWG. The use of radioactive iodine in thyroid carcinoma. Em J Cancer Clin
Oncol 1988,24,339-343.
31. Gezondheidsraad: COl1unissie Taal'verdcling oncologische zarg. Kwaliteit en taakvcrdeling
in de oncologie. Den Haag: Gezondheidsraad, 1993.
32. Berghout A, Hoogendoorn D, \Viersinga WM. Declining numbers of thyroidectomies in
the Netherlands 1972-1986. Ned Tijdschr Geneeskd 1989, 133, 1313-1317. (in Dutch)
33. Frisch M. Olsen JH. Survival of Danish cancer patients 1943-87. Eye, brain and nervous
system, thyroid, bone and connective tissue. APMIS 1993; 156-182.

106
Table I. Clinical characteristics (n=337) and 5-, 10- and 20-year crude and relative survival
(excluded 8 patients dying <I month; n=329; standard error: SE) of patients with
thyroid cancer in Southeastern Netherlands, 1960-1992.

n

%

20-year
crude relat.(SE)

5-year
crude relat.(SE)

IO-year
crude relat.(SE)

%

%

%

%

%

%

337

100

71(3)

80(3)

62(3)

75(7)

52(4)

75(7)

102
235

30
70

64(5)
73(3)

76(5)
81(3)

54(6)
64(4)

72(6)
78(4)

42(7)
56(5)

70(7)
77(5)

135
73
129

40
22
38

94(2)
71(6)
45(5)

95(3)
74(6)
53(6)

92(3)
57(7)
32(5)

94(4)
67(7)
43(7)

83(5)
43(8)
22(7)

94(7)
67(16)
43(21)

149
III
12
28
37

44
33
4
8
II

89(3)
70(5)
81(12)
3(4)
44(9)

95(3)
82(5)
87( 17)
5(4)
52(1l)

79(4)
59(5)
58(16)
0
44(9)

94(3)
80(6)
85(19)
0
47(10)

68(6)
53(6)
45(17)
0
34(8)

94(4)
79(8)
84(22)
0
45(10)

- unknown

172
77
88

51
23
26

90(2)
43(6)
59(6)

97(2)
43(6)
77(6)

88(3)
14(5)
53(6)

96(2)
28(7)
68(7)

83(4)
0
39(6)

95(3)
0
65(8)

period:
- 1960-74
- 1975-84
- 1985-92

82
115
140

24
34
42

67(5)
66(4)
77(4)

79(5)
74(5)
85(4)

60(6)
59(5)
-

76(6)
70(5)

50(6)

76(7)

-

-

-

179
134
24

53
40
7

68(4)
73(4)
75(9)

78(4)
80(4)
88(8)

61(4)
62(5)
65(10)

74(5)
77(5)
86(9)

47(6)
58(6)
53(1l)

73(6)
76(5)
85(10)

146
163
28

43
48
8

67(4)
80(3)
30(10)

79(4)
88(3)
29(10)

61(4)
68(5)
14(8)

75(5)
85(4)
22(9)

57(5)
46(10)
0

74(6)
86(6)
0

total:
gender:
- males
- females

age:

- <45 yrs.
- 45-60 yrs.
- >60 yrs.
hist. type:
- papillary
- follicular
- medullary
- anaplastic
- other

stage:

- I-ll
- lIl-IV

hospital category:
- teaching
- non-teaching
- other

therapy:
- lim. surgery
- ext. surgery

- other/none

-
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Table 2. The initial treatment of 337 patients with thyroid cancer in the region of the Eindhoven
Cancer Registry, 1960-1992. Six patients with non-Hodgkin lymphoma excluded.

1960-74

1975-84

1985-92

n=82

n=115

n=140

%

%

%

24
22

15
18

17

8

II
18
4

27

49

61

External radiotherapy

4

3

2

Chemotherapy

I

-

-

None/unknown

5

7

4

Surgery
- exc. tumourlbiopsy
- lobectomy
- subtotal/near total
thyroidectomy
- total thyroidectomy
(± lymph node diss.)
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Table 3. Rate ratio (95%CI) for 257 patients with differentiated thyroid cancer 1960-92 before

and after 5 years of follow-up. Values calculated by Cox regression, without and with treatment
in the model. (*: p<0.05)
Follow-up >5 yrs
Without treatment

With treatment

I
6.5 (1.7-25)*
10 (3.0-39)*

I
3.5 (0.24-49)
4.2 (0.30-59)

I
1.8 (0.13-25)
1.9 (0.13-28)

I
0.93 (0.44-2.0)

I
0.22 (0.09-0.57)'

I
0.29 (0.09-0.94)*

I
2.0 (1.0-3.9)*

I
2.4 (1.2-4.8)*

I
1.1 (0.45-2.6)

I
0.84 (2.7->100)*

I
1.3 (0.59-3.1)
0.69 (0.23-2.1)

I
1.3 (0.54-3.3)
0.65 (0.21-2.0)

I
19 (2.2-> 100)*
2.1 (0.16-29)

I
28 (2.7->100)'
4.1 (0.29-57)

I
0.99 (0.36-2.7)
0.44 (0.13-1.6)

I
1.1 (0.39-3.1)
0.62 (0.17-2.3)

I
0.22 (0.05-1.1)
0.47 (0.06-3.8)

I
0.14 (0.03-0.73)*
0.47 (0.05-4.2)

Follow-up.::;:5 yes
Follow-up.::;:5 YfS
Without treatment With treatment
3A. crude survival.
Age (yrs.):
I
<45
6.4 (1.7-25)'
45-59
12 (3.5-43)*
>60
Gender:
I
male
0.71(0.38-3.9)
female

Histology:
papillary
follicular

Follow-up >5 yes

Stage:
I-II
llI-IV
unknown
Period of diagnosis:
1960-74
1975-84
1985-92

Initial therapy:
limited surgery
extended surgery
other/none
Follow-up therapy:
Iodine-131
Radiotherapy
None

3B relative survival.
Age (yrs.):
I
<45
6.4 (0.94-45)*
45-59
10.0 (1.7-63)*
>60

I
0.87 (0.44-1.7)
1.3 (0.36-4.7)

I
1.5 (0.54-4.3)
17 (2.9->100)*

I
5.6 (1.4-22)*
4.6 (1.5-14)*

I
0.76 (0.10-5.6)
0.31 (0.10-1.02)

I
9.4 (1.6-55)*
12 (2.4-57)*

Gender:

male
female
Histology:
papillary
follicular
Stage:
I-II
III-IV

I
0.76 (0.26-2.3)

I
1.1 (0.32-3.8)

I
2.1 (0.70-6.2)

I
2.7 (0.97-7.2)'

I
1.7 (0.44-6.6)

I
1.2 (0.33-4.1)
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Table 3. (Continued)
unknown

Period of diagnosis:
1960-74
1975-84
1985-92
Initial therapy:
limited surgery
extended surgery
other/none
Follow-up therapy:
Iodine-13l
radiotherapy
none

0.71 (0.13-3.8)

0.44 (0.10-2.0)

I
0.90 (0.22-1.5)
0.22 (0.04-1.5)

I
l.l (0.26-4.4)
0.62 (0.06-2.1)
I
0.72 (0.29-2.0)
1.1 (0.17-6.9)
I
15 (1.6->100)*
5.9 (0.85-41)*
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Initial treatment of
differentiated thyroid cancer

[iother
surgery

I'iilllimited
surgery
Period of diagnosis
Figure 1. Trends in initial and additional treatment for differentiated (papillary or follicular)
thyroid cancer in southeastem Netherlands, 1960-92. (n=260). A: initial treatment;
limited surgelY: biopsy, excision of tumour, lobectomy or subtotal thyroidectomy,
extended surgery: totat thyroidectomy with/without lymph node dissection, other:

radiotherapy, chemotherapy, none or unknown. B: additional treatment: radioactive
iodine ablation (131 1), radiotherapy, other/none.

Additional treatment of
differentiated thyroid cancer
100~~=

r.~'.~~

IGlnone & other
: Oradiotherapy
.Jodium-131
Period of diagnosis
Fignre 2. Crude and relative survivat of 329 patients with thyroid cancer, 1960-92. Patients
who died < 1 month and/or with nOIlHHodgkin's lymphoma were excluded.
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0
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Others
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years after diagnosis
Figure 3. Cl1Ide survival of 329 patients with thyroid cancer according to histological type,
1960-92. Patients who died <I month andlor with non-Hodgkin's lymphoma were
excluded.
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Abstract
Background. Concomitant diseases can be an important reason for differences in the treatment
and outcome of cancer. Moreover, their presence might provide aetiological clues. The objective
of this study was to describe the spectnun of concomitant diseases in patients with newly
diagnosed thyroid cancer (TC).
Design. Cross-sectional study.
Setting. Eindhoven Cancer Registry, Comprehensive Cancer Centre South, The Netherlands.
Methods. Histological and treatment data on all 164 TC patients diagnosed between 01·01·
1993 and 31·12·1996 were collected. An adapted version of the list of Charlson (J Chron Dis
1987,40,373·383) was used for registration of clinically relevant concomitant diseases. The
prevalence of co-morbidity at diagnosis was analysed according to age, histological type and
therapy.
Results. Infonnation about concomitant diseases was available for 151 patients (92%). Comorbidity ,vas present in 32% of TC patients; the prevalence was 21 % for patients <60 years
and 69% for patients ;:>.60 years, respectively. Hypertension was present in 18%, followed by
other cancers (8%), diabetes mellitus (7%), cardiovascular diseases (4%), chronic obstmctive
pulmonary disease (2%) and cerebrovascular disease (2%). Five patients ;:>.60 yrs. had had
tuberculosis. The proportion of patients .;::::60 yr8. who underwent surgery decreased as the
number of comorbid conditions per patient increased.
Conclusions. TIle use of external radiation for diagnostic and therapeutic procedures for
tuberculosis might explain the relatively high prevalence of fOlmer tuberculosis in elderly TC
patients. The number of comorbid conditions affected the choice of surgical therapy for elderly
patients.

Introduction
Comorbidity in cancer patients may have prognostic significance and it may increase the
complexity of care. Moreover, excessive rates of comorbid conditions may give aetioiogicai
clues. Patients treated in referral centres or included in clinical trials represent a selected
population with fewer comorbid conditions and therefore probably a better prognosis than
those treated in general hospitals (1,2).
The prevalence of concomitant diseases and their effect on prognosis have been described
previously for several cancer types (3,4,5,6). The results of these studies indicated that the
number of comorbid conditions increased with age and that patients with concomitant diseases
were treated less aggressively and/or had a worse prognosis (after adjustment for age and
stage of disease) (3,4,5).
We studied the age-specific prevalence and distribution of concomitant diseases in thyroid
cancer (TC) patients in relation to age, histological type of the tumour and treatment in a
series of un selected patients treated in general hospitals in southem Netherlands since 1993.
Subjects and methods
The Eindhoven Cancer Registry (part of the Comprehensive Cancer Centre South) has collected
data on patients with newly diagnosed cancer since 1988 in a region in the southern Netherlands
with 2.1 million inhabitants. About 11,000 newly diagnosed cancers are registered aIlllUally.

//5
Data on histological type of the tumour, stage, therapy and co-morbidity were obtained from
the pathologist's reports and from the patient records in both the hospitals and the two regional

radiotherapy institutes.
The pathological classification was in accordance with the recommendations of the World
Health Organization (7); stage was classified according to the TNM-classification (8). Patients
with non-Hodgkin's lymphoma (NHL) originating from the thyroid were excluded because
of the different nature of this malignancy.

Data on clinically relevant concomitant diseases listed in the patient's clinical record, have
been registered for all newly diagnosed cancer patients since 1993, using an adapted version
of the list of Charlson (9). Hypertension and diabetes mellitus were only included in case of

cutTent treatment. A validation study of consecutive patients with lung. endometrial and prostate
cancer was perfOlmed in 1996-97 by checking the completeness and accuracy of the data on
co-morbidity as recorded by the registry (5,6). There were some indications ofunderregistration
of cardiovascular diseases.
Between 01-01-1993 and 31-12-1996 164 new TC patients (41 males, 123 females) were
registered: !O1 papillary (63%), 32 follicular (19%), 12 medullary (7%), 13 anaplastic TC
(7%) and 5 "other" (4%), with a mean age of 48,53,46,66 and 76 years, respectively.

The prevalence of co-morbidity was analysed according to gender, age, histological type of
the tumour and stage; fm1hermore the association with therapy was studied.
Results
Information on co-morbidity was available for 151 TC patients (92%); 32% of these patients

had at least onc concomitant disease (see Table I),
The most frequent concomitant condition was hypertension (18%); other concomitant
conditions were other cancers (8%), diabetes melHtus (7%). cardiovascular diseases (4%),
chronic obstructive pulmonary disease (COPD; 2%) and cerebrovascular disease (2%), Five
(all ?:65 yrs.) out of the 8 patients with "other diseases" had had tuberculosis. Of the 13
(previous or simultaneous) other malignancies 2 were Hodgkin'8 lymphoma, 1 Nl-ll." 1 multiple
myeloma. 1 breast, I ovary, 1 kidney and 1 skin cancer and 1 cancer of the oral cavity (4
unknown). The time intervals between treatment of the lymphomas and diagnosis ofTC were
3, 15 and 15 years, respectively; one patient had received radiotherapy and one radiotherapy
and chemotherapy (1 unknown). The tumour site and/or treatment of the other malignancy
was similar for all histological types ofTe.
Males had more smoking related concomitant diseases (COPD, cardiovascular diseases) and
hypertension than females (Table 2). The proportion patients without concomitant diseases
decreased from 86% among patients <45 yrs of age to 31 % for patients ~60 yrs. In patients
~60 yrs hypertension, diabetes, other malignancies and cardiovascular and cerebrovascular
discases were clearly more common.
The percentages papillary, follicular and medullary TC patients without comorbid conditions
were 64%,63% and 67%, respectively; the proportion anaplastic TC patients without comorbid
conditions was, however, 31 %, due to the fact that these patients were older. Hypertension
was more prevalent in papillary TC (1 8%); follicular TC patients had more other malignancies
(19%). Number or type of co-morbid diseases was not related to stage.
111e proportion patients <60 yrs receiving surgical therapy (93%) was not affected by the
number of concomitant diseases, whereas the proportion patients ~60 yrs who undenvent
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surgery decreased with increasing number of concomitant diseases (surgery was performed
on 15 out of 17 patients without concomitant diseases (88%), on 13 out of 16 patients with
one (81 %) and on 8 out of 15 patients with >1 concomitant disease (53%), respectively (Chisquare for trend: 4.95; p=0.026)).
Discussion
An increase in the prevalence and number of concomitant diseases with age has also been

found in both general practice registrations and studies on other cancers in the Netherlands
(6,10). In the present study the number of comorbid conditions only affected the choice of
treatment and therefore prognosis for patients ::?60 yrs. It was not possible to study the effect
of cO~Il1orbidity on prognosis because of the short follow-up period and the good prognosis of
TC in general.
The prevalence of previous or simultaneous malignancies in TC patients was in accordance
with percentages rep011ed for other cancer patients (6). However, an unusually high number
of previous haematologicalmalignancies was found. The treatment of these haematological
malignancies with intensive extemal radiotherapy and/or chemotherapy could have been
carcinogenic (II).
The prevalence of diabetes mellitus (type I and II) in the Netherlands in general practice
registrations and in studies on co-morbidity in other cancer types «45 yrs. 0.6%, 45-59 yrs.
2.0% and 60-74 yrs. 6.3%, respectively) was lower than that registered in this study (6,10);
the prevalence established in case-finding screening projects, however, was higher (~50 yrs.
18-26%, including impaired glucose intolerance) due to the detection of unrecognized
asymptomatic cases (12). The relatively high prevalence in this study may be explained by the
fact that most patients with TC were treated by an internist with endocrinological interest who
is morc likcly to screen for glucose intolerance.
Five patients ~60 yrs. had suffered from tuberculosis. The expected number of cases of
tuberculosis would be 1-2, based on data derived from the Nctherlands Tuberculosis Register
(15). A possible explanation for this increase could be the frequently repeated relatively high
doses of radiation to the chest and head and neck region for diagnostic purposes during longterm surveillance (personal communication, R.Daemen MD, Dept. ofTItberculosis Control,
Municipal Health Service, Eindhoven) (13,14).
Conclusions: aIllong TC patients the incidence ofhaematoiogical nmlignancies and tuberculosis
was increased, both probably due to exposure to cxtcmal radiation. 11le high diabetes rate is
likely to be due to screening. In the elderly, an increasing number of comorbid conditions led
to less surgical treatment. The registration of co-morbidity needs to be continued to confirm
our findings and to study the effects of co-morbidity on prognosis.
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Table 1. Number of concomitant discases per patient.
Number of concomitant disease

males
n=41

females
n=123

%

%

none

61

60

I
2

3

15
12
2

4
unknow

5
5

23
5
2
I
9

Table 2. Co-morbidity according to gender and age in patients with thyroid cancer, 1993-96.
Patients with unknown co-morbidity arc excluded. Numbers are percentages; total
>100% because some patients had more than one co-morbid condition.

males
n=41

none

other malignancy
COPD
cardiovasc. diseases

hypertension
cerebrovasc. disease
diabetes mellitus
other

%
61
7
5
7
22
2
5
10

females

n=123

,;;45 yrs.
n=59

45-59 yrs.
n=41

;>60 yrs.
n=64

%

%

%

60
8

86

68

5
2

-

-

-

II

2

10

39

-

-

-

5

5
14

3

-

9

2
3
17
2
7
3

COPD: chronic obstructive pulmonary disease.

5

%
31
13
5
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Abstract
Background. Thyroid cancer (TC) has been associated with an increased risk of subsequent
tumours and some of these tumours (e.g. leukaemia and urinary tract cancer) are thought to
be due to the use of radioactive iodine ( 131 1). We studied the incidence and spectrum of second
cancers to determine cancers related to TC and possible carcinogenesis of 1311.
Design. Retrospective study.
Setting. Cancer Regislly, Comprehensive Cancer Centre South, Eindhoven, the Netherlands.
Methods. Data on histological type and treatment (e.g. "'I ablation) were collected on all 343
TC patients registered from 01-01-1960 to 31-12-1992; vital status was determined up to 0104-1994. A subsequent tumour was defined as any tumour with an incidence date following

the diagnosis of TC. TIle total cohort of TC patients was matched with the register of the
Eindhoven Cancer Registry and all subsequent tumours up to 01-04-1994 were introduced.
Persoll-years at risk were calculated for males and females. After determining the expected
numbers for the different cancers, the standardised incidence ratio's (SIR's) with the 95%
confidence intervals (95%CI) were calculated. The Kaplan-Meier method was used for
calculating cumulative incidence curves.
Results. The mean follow-up was 7.6 years. A subsequent tumour was found in 23 TC patients

which accounted for a SIR of 1.4 (95%CI 0.9-2.1). Not significautly increased SIRs were
found for cancer of the oral cavity, biliary tract, pancreas, uterus, prostate and kidney, melanoma
of the skin and leukaemia; no SIRs were found for cancer of the larynx, stomach and bladder,

and nou-Hodgkin's lymphoma. For papillary TC separatedly, increased SIRs for developing
leukaemia (SlR=16.7; 95% CI 2.0·60) and prostate cancer (SIR=9.5; 95%CI 1.1-34) were
found. These increased SIRs were not related with [J[I ablation therapy.
Conclusion. An etiological association between TC and a spectrum of other cancers such as
cancer of the breast, pancreas or urinary tract or leukaemia may exist. lJll treatment is not
related with an increased risk for developing a subsequent tumour.

Introduction

Thyroid cancer (TC) is a rare cancer type in The Netherlands affecting relatively young patients.
TC has a good prognosis: the relative lO·year survival for differentiated (papillary or follicular)
TC patients is about 90% (1,2,3).
The precise etiology of TC is unknown. Geographic, genetic, ethnic, hormonal and
environmental factors, and pre-existing thyroid diseases are all considered to be related with
TC (4,5). However, the results of the various studies were not conclusive (4). The only well
described risk factor for TC is previous irradiation for diagnostic and/or therapeutic purposes

(4,5,6).
In the majority of studies originating either from population-based cancer registries or large
referral centres, TC patients had a slightly increased overal1 risk for developing a second

cancer: standardised incidence ratio's (SIRs) ranged from 0.95 to 1.51 (7-14); the spectrum
of second cancers, hmvever, consisted of a selected number of cancer types, indicating a
possible relation between TC and some other cancer types.
Radioactive 13IIodine (lJI1) therapy is nowadays considered to be a safe procedure for the
ablation of remnant thyroid tissue and/or metastases (13-16). Earlier studies of patients who
received relatively high doses suggested an association between 131 1 treatment and an increased
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risk for developing subsequent leukaemia and bladder cancer (12,17).
\Ve studied the incidence and the spectrum of second cancers following TC to determine
cancers related to TC and to determine the possible role of [3[1 treatment in initiating a
malignancy.
Subjects en methods
The Eindhoven Cancer Registry (part of the Comprehensive Caneer Centre South (IKZ) since
1983) collects data on patients with newly diagnosed cancer since 1955. The regislly covers
a region with about 1 million inhabitants in the southeastem part of The Netherlands. All
hospitals and the regional radiotherapy institute participate in the cancer regis tty. The patient
data, coneeming the incidence date, histological type and therapy of TC and the incidence
date and site of the subsequent tumour(s), were derived from copies of the pathologists' records
and patients' flIes in the hospitals and the radiotherapy institute.
The pathologic classification of TC was in accordance with the recommendations from the
World Health Organization (i8).
Information about vital status up to 01-04-1994 was obtained for 327 patients (95.3%).
In the period 01-01-1960 - 31-12-1992 343 patients (i03 males, 240 females) with newly
diagnosed TC (ICD-O code 193 or non-Hodgkin's lymphoma (NHL) primary originating
from the thyroid) were registered. Papillary TC was present in 149 patients (43%), follieular
TC in III patients (32%), medullary TC in 12 patients (4%), anaplastic TC in 28 patients
(8%) and other types in 49 patients (13%; including 6 NHL).
Forty-six (31 %) papillary and 39 (35%) follicularTC patients were referred to the radiotherapy
institute for 131 1 ablation therapy; almost all patients received a dose of 50 mCL
A subsequent tumour was defined as any tumour with an incidence date following the incidence
date ofTC. To allow comparison with the results of studies from other cancer registries (who
excluded nOlHnelanoma skin cancer because of the incompleteness of data), non-melanoma
skin cancer was analyzed separatedly. The registration of nOll-melanoma skin cancer (basal
cell and squamous cell cancer of the skin) can be considered as "complete" for the region of
the Eindhoven Cancer Registry (19).
Analysis. The total cohort of 343 TC patients was matehed with the register of the Eindhoven
Cancer Registry and all subsequent tumours until 01-04-1994 were introduced. Person-years
at risk were calculated separatedly for males and for females and for 5-year intClvaJs. The
expected numbers for the different canccr types were calculated from the age- and sex-specific
incidence rates for the regional popUlation. The standardized incidence ratio (SIR) was
calculated as the ratio of the observed to the expected numbers; the 95% confidence interval
(95%CI) was determined by assuming the observed number of cases to be distributed as a
Poisson variable. Cumulative incidence curves of subsequent tumours were calculated using
the Kaplan-Meier method; comparisons bctween groups were made by means of the log-rank
test. The Cox's regression model was used to assess the relative risk (RR) with 95%CI for
developing a subsequent tumour.

Results
The mean follow-up of the 343 patients was 7.6 years; 30% of patients were followed for 2:lO
and lO% 2:20 years. In total 23 TC patients (6.7%) had a second tumour; the clinical
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characteristics of these patients are listed in Table 1. The TC patients with a second tumour
were comparable to those without a second tumour for the male/female ratio, mean age and
the distribution of histological types. The prevalence of a second tumour was not significantly
related to age, stage at diagnosis, period of diagnosis, type of hospital Of initial therapy. TIle
cumulative incidence rate of subsequent tumours was 7% after 10 years and 21 % after 20
years, respectively (Figure I).
SIR's for all cancer and for the ditTerent cancer sites separatedly are shown in Table 2: TC
patients had a not significantly increased risk of 42%, partly due to an excess of relatively rare
tumours, such as pancreas cancer, leukaemia or melanoma of the skin. No cancer of the
stomach, bladder or larynx, or NHL occurred (expected number 0.9, 0.5, 0.1 and 0.4,
respectively).
The risk of developing a second tumour was determined separatedly for non-melanoma skin
cancers: the number of TC patients with one or more non-melanoma skin cancer was 8 (l
male; 7 females), which accounted for a SIR of 2.0 (95%CI 0.6-3.4).
Differentiated thyroid cancer. Seventeen patients with differentiated TC (6.5%) had a second
malignancy. PapiHary TC patients had significantly increased risks for developing, leukaemia
(SIR~16.7 (95%CI 2.0-60)) and prostate cancer (SIR~9.5 (95%CI 1.1-34)). These increased
risks were not related to the use of 131 1 ablation therapy. The cumulative incidence rate related
to histological type or follow-up treatment are presented in Figure 2 and 3, respectively. We
found relatively more second tumours in males (RR~1.2 (95%CI 0.4-3.6), in elder patients
(45-59 yrs. vs. <45 yrs.: RR~3.2 (95%CI 0.8-12.1) and >60 yrs. I'S. <45 yrs.: RR~4.4 (95%CI
1.4-14.0), respectively), in follicularTC (RR~1.8 (95%CI 0.7-4.9)) and in patients not treated
with "'I (RR~1.8 (95%CI 0.5-6.5); 3 of 83 patients treated with '''1 developed a second
tumour).
Discussion
TC patients treated in general hospitals in Southeastern Netherlands had a, not statistically
significant, increased risk for developing a second malignancy: the overall excess risk of
about 40% is in accordance with the results from most other studies (see Table 3) (7 -14). The
risk of second tumours was not related to histological type of TC.
An association between TC and leukaemia was found by Brincker et aI., Edmonds et al. and
Teppo et a1. and it was suggested that the increased risk of developing leukaemia was due to
the therapeutic use of relatively high doses "'I (12,17,20). Differentiated TC patients who
underwent J3JI treatment in our region received in the majority of cases an ablation dose of 50
meL The use of such relatively low dose has not been related with the development ofleukaemia
(13,14,15,21). We showed that the papillary type of TC was associated with subsequent
leukaemia, but that no association existed with 131 1 ablation therapy. Probably papillary TC
and leukaemia share the same riskfactors (e.g. previous external irradiation) (5,22).
It is unlikely that the detection of the m'\iority of subsequent tumours is the result of close
medical surveillance of the TC patients only, because it concerns relatively rare tumours \vho
would not remain obscure. We suppose, however, that some etiological association might
exist between TC and malignancies such as cancer of the urinary tract (kidney, bladder),
pancreas, salivary gland or central nervous system (eNS) cancer, or melanoma. Arguments in
favor for this association are: the spectrum of second tumours is more or less the same in the
various studies (increased SIRs for urinay tract cancer were found in 6 studies (7,9-13), for
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melanoma in 2 studies (11,14), for eNS cancer in 2 studies (8,10) and for pancreas cancer in
one study (7», some ttlmours are found before and after the diagnosis ofTC (in our registry
we found 2 women who developed breast cancer at the age of 32 and 48 years with subsequent
TC after 2 and 5 years, respectively, and one women having salivary gland cancer at 43 years
before the diagnosis ofTC 15 years later) (23,24), the second tumours developed irrespective
of J3II treatment, and tissues accumulating i311 share also other characteristics (25),
The number of observed breast cancer was higher than the expected number. An association
between breast cancer and TC has been described previously by several authors (SIR 1.9-2.4)
(7,9,12,23); others, however, were unable to confirm the association (10, 11,13). TC and breast
cancer might share some aetioiogical factors, such as genetic, hormonal and environmental
(repeated diagnostic or therapeutic radiation) (4,5,23).
In conclusion, TC patients showed a slightly increased risk for developing a second hlmour,
largely due to relatively rare cancers. An aetioiogicai association between TC and a spectrum
of cancers stich as breast, pancreas or urinary tract cancer or leukaemia may exist. 131 1treatment
with relatively low doses is not related with the development of a subsequent tumour.
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Table 1. Clinical characteristics of 23 thyroid cancer patients with a second tumour foUmving
thyroid cancer.
n

Gender:
- male
- female
Mean age at diagnosis:
Histological type thyroid cancer:
- papillary
- follicular
- medullary
- anaplastic
- other

10
13
54.1 years
9
8
I
I
4

Table 2. Second malignancies and standardised incidence ratio's (and 95% confidence intervals
(SIR (95%CI)) among 343 thyroid cancer patients in Southeastern Netherlands, 196092, specified for organ sites.
cancer site
all sites*

observed

oral cavity
colon/rectum

biliary tract
pancreas
respiratory tract

melanoma
breast

corpus uteri
prostate
kidney
leukaemia
>:<:

23

expected
16.22

SIR (95%CI)
1.42 (0.9-2.1)

1
2
1
2

0.06
2.42
0.28
0.39

2
2
5
2
3
1
2

1.96
0.34
3.60
0.57
0.66
0.40
0.31

15.43 (0.4-85.9)
0.83 (0.1-3.0)
3.61 (0.1-20.1)
5.12 (0.6-18.5)
1.02 (0.1-3.7)
5.86 (0.7-21.1)
1.39 (0.5-3.2)
3.54 (0.4-12.8)
4.57 (0.9-13.4)
2.48 (0.1-13.8)
6.55 (0.8-23.7)

non-melanoma skin cancer excluded.

:::;

'"
Table.:1 Comparison of studies on second malignancies following thyroid cancer.

population based studies
Tucker (1985)
Osterlind (1985)
Hrafnkelsson (1989)
Hall (1990)
Akslen (1992)
this study
referral centers
Edmonds (1986)
Hall (1991)
Dottorini (1995)

P: papillary thyroid cancer only
1: treated with 131 1
2: not treated with 1311.

country

period

number mean follow-up (yrs)

2nd tumours (%)

SIR (95% eI)

USA (Conn.)
Denmark
Iceland
Sweden
Norway
The Netherlands

1935-82
1943-80
1955-84
1958-75
1955-85
1960-92

2284
1935

9
5.6

383'
2968
3658
343

12
8.4
7.6

169 (7.4)
78 (4.0)
68 (17.8)
283 (9.5)
200 (5.5)
23 (6.7)

1.49 (1.3-1.7)
0.96 (0.76-1.20)
1.5 (1.1-1.9)
1.18 (1.03-1.31)
1.01 (0.88-1.16)
1.42 (0.9-2.1)

UK
Sweden

1949-82
1950-75

Italy (Varese)

1960-93

258'
834'
1121'
730'
201'

18 (7.0)
99 (11.9)
122 (10.9)
24 (3.3)

1.51 (p=0.049)
1.43 (1.17-1.75)
1.19 (0.98-1.42)
1.19 (0.76-1.77)

7 (3.5)

0.95 (0.38-1.95)

11.2

7.4
10.3
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Figure 1. Cumulative incidence rate of a second tumour following thyroid cancer (all
histological types; n=343).
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Figure 2. Cumulative incidence rate of a second cancer in 149 patients with papillary and 111
patients with follicular thyroid carcinoma.
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Chapter 4.
General discussion.
In this thesis, studies on postpartum thyroid dysfunction (PPTD) and thyroid cancer have
been presented. These studies were all performed in the southeastern part of the Netherlands.
In this chapter, the internal validity and generalizibility (external validity) of these studies arc
discussed, as well as their possible implications for public health policies and further research.
4.1. Validity and generalizibility of the results.
An important problem in the interpretation of study results in general concerns the validity of

the data presented. Internal validity refers to questions concerning potential biases and
confounding: do the data really measure what we want them to measure, are the data obtained
from a selected population (selection bias), or are the results adjusted for possible confounding
factors? Generalizibility (external validity) involves the question as to what extent the results
can be generalized or extrapolated to other populations. Both internal validity and
generalizibility in relation to the studies on PPTD and thyroid cancer are discussed in brief in
the following.
Post partum thyroid dysfunction. In the PPTD studies we followed prospectively a cohort of
310 Caucasian women during pregnancy and in the first year after delivery. All women resided
in the Kempen-region in the southeastern part of the province Noord-Brabant. Sampling or
selection bias is unlikely since all consecutive pregnant women who came for their first visit
to the local midwife or the obstetrical depmtment of the St Joseph Hospital Veldhoven (together
covering >90% of all pregnancies in the region) were asked to participate, and the Illean age
and the parity of the non-participating women were similar to that of the participants. Moreover,
the prevalence of TPOAb of 10% was consistent with other studies in Caucasian women and
the distribution of psychosocial variables was comparable to that in the general popUlation in
the southeastern part of Noord-Brabant (1-5). Recall or information bias was avoided by the
prospective design of the study. Moreover, both the researcher and the participating women
were blinded for the results of the thyroid function tests.
A confounding factor may be statistically significant related to the disease under study but is
lacking a causative relation. Confounding arises when the different groups under study are
not equal in a factor related with the disease other than the t~'lctor under study. Adjusting for
confounding is possible by stratification or matching for putative confounding factors. In the
studies described ill the chapters 2.1, 2.3 and 2.4 we adjusted for confounders by performing
multivariate analyses, e.g. in the multivariate analysis of the association between depression
and the presence ofTPOAb \ve introduced in the model the various determinants of depression
known from the literature and the reslllts from the thyroid fUllction testing (sec Chapter 2.3).
In our study on the relation between cell mediated immunity disturbances and PPTD we
matched for age and parity because these factors were supposed to have influence on the
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development of PPTD.
111yroid cancer. The completeness and reliability of the data registercd by the Eindhoven
Cancer Registry have been evaluated dUIing 1981-83 (6,7). The area with a complete registration
of all newly diagnosed cancers has been expanding since the early 60's from a region around
the city of Eindhoven to a region which comprises 51 Illunicipalities with about 1 million
inhabitants. The registration can be considered as "complete" since the early 70's onwards for
almost all cancer types, including throid cancer. The registration procedures remained the
same since the 60's and the data were collected from multiple sources in the health care
system (e.g. the patient's records in the hospitals, the regional pathologic institutes, the
radiotherapy department in Eindhoven and by regular checks with oncological centres). As a
consequence, selection bias does not exist since all detected thyroid cancer have most likely
been registered.
An imp0l1ant problem in studying the trends in incidence is the indolent course of a considerable
proportion of papillary and follicular thyroid cancer. This fact may lead to both under- and
overestimation of the number of thyroid cancers. Overestimation might have been due to the
detection of small asymptomatic papillary thyroid cancer in surgical specimens of patients
operated for other thyroid disorders. Underestimation is due to the fact that up to onethird of
thyroid glands contain occult papillary tumours and the prevalence of these occult thyroid
cancers is unclear, in part because of the very low number of autopsies in the Netherlands.
It can be concluded that the results of the studies on PPTD and on thyroid cancer are valid and
may be generalised to other populations in the Netherlands and western societies.

4.2. Thyroid dysfunction in gestation and postpartum.
We found indications for the existence of t\Vo fonns of PPTD (see Chaptcr 2.1 and 2.2):
1. an autoimmune form of PPTD characterized by symptoms and signs of hypothyroidism
(and hardly of hyperthyroidism) andlor depression, the presence ofTPOAb and disturbances
of cell mediated immunity similar to that in autoimmune endocrine (thyroid) disease. Onethird
of the women with this form ofPPTD needed (transient) thyroid hormone replacement therapy;
they appear to be at risk for a relapse of PPTD at a rate of 40% after a following pregnancy
and for developing pemlanent hypothyroidism at a rate of 5% per year (8,9). Also, these
women had an increased risk for having or developing depression (Chapter 2.3). Therefore, a
long-term follo\V-up of these women should be considered;
2. a non-autoimmune foml of PPTD characterized by transient hyperthyroidism alone with
mild or absent symptomatology. This form did not have the characteristic humoral or cell
mediated immune disturbances of AITD. The etiology was obscure in the majority of the
cases and we believe that foHow-up of thyroid function is not indicated as all women remained
euthyroid during follow-up.
The results of our and of others studies indicate that the autoimmune form of PPTD represents
an exacerbation of a chronic autoimmune process and that PPTD is part of the spectrum of
autoimmune thyroid diseases (AITDs) (l0,11). Arguments in favour of this view are: the
familial predisposition, the liukage with HLA-DR3, -DR4 and DR5, the association with
other autoimmune endocrine diseases (such as type-I diabetes mellitus and pemicious anemia),
the strong association with TPOAb and the presence of persistent cell mediated immune
alterations during pregnancy and after delivery (see Chapter 1.2).
T helper-l cell mediated processes are considercd to be one of the most important pathogenetic
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mechanisms in destmctive endocline diseases, including AITDs (12). A direct pathogenetic
role ofTPOAb in the destructive thyroiditis is questionable. The results of our study presented
in Chapter 2.2 are compatible with this view: the percentage activated T cells was increased at
all time points during the study in TPOAb positive who tndy developed PPTD. The fact that
the chronic autoimmune process did not evolve into clinically overt disease during pregnancy
might be due to yet not fully developed effector phases, or to a suppression of the destructive
T hclper-l mechanisms via the suggested shift from predominant T helper-l- to predominant
T helper-2-driven immune response during pregnancy (15).
TPOAb+ women had alterations in various other eMI functions as well from the first trimester
of pregnancy onwards, indicating that the autoimmune process was already present at that
moment at the level of the immunoregulatory cells. In particular the lowered Th1LP-induced
monocyte polarization and persistently lowered NK cell numbers are compatible with the
state of chronic AITD, and arc consistent with CMl abnormalities found in other endocrine
autoimmune diseases (13,14).

The use of a strict biochemical definition (both an abnormal TSH and fT4) resulted in an
incidence ofPPTD of 5.2% in our study (Chapter 2.1). This incidence is similar to that found
in studies with the same case definition, i.e. an incidence of PPTD in Caucasian women of 47% (1,2). The annual Humber of women with PPTD in the Netherlands can thus be estimated
as 9,500 - 14,000 (incidence 5-7%; number of newborns 190,000-200,000) (2). When
subclinical thyroid dysfunction (abnormal TSH alone) was taken into account, the incidence
of thyroid dysfunction in the postpartum inclined to 12.4% (half of them TPOAb+). From
these women with (sub-)c1inical thyroid dysfunction after delivelY 19.4% also had a thyroid
dysfunction in the first trimester of pregnancy, mainly subclinical hypothyroidism (Chapter
2.1). It might be important to identify these women because of the risk of low fT4 levels
dming pregnancy for child intellectual and motor development (see Chapter 2.4) and the risk
of depression and permanent hypothyroidism in the woman's future life (Chapter 2.1 and 2.3)
(8,9,16).
High prevalence rates of depression according to RDC of 13-24% were found both during
pregnancy and in the first year after delivery (Chapter 2.3). Harris et al. found in a study of
postpartum women comparable prevalences (17); Pop and O'Hara, however, found lower
prevalences in the second half of pregnancy and after delivery (18,19). Our results are
comparable with the view that depression is not specifically related to the postpartum state
("postpartum depression" as a clinical entity) but is a continuum. Thus the concept of
"postpartum depression" as a separate clinical entity need to be revised. Arguments in favor
for this view are: depression has a high prevalence in pregnancy and in the postpartum year,
but also in non-pregnant \vomen (20). The most consistent risk factor was the occurence of
major life events and our data are in accordance with data from the literature (18).
The pathogenesis of depression is multifactorial and several psychosocial and biologic
detenninants are involved. The implications of our study for the prediction and treatment of
depression are:
- women who have suffered from depression in the postpartum period are at risk for developing
depression in future life because of the high recun-ence rate of depression;
- TPOAbs are an independent risk factor for depression and therefore TPOAb+ women need

JJ2

a long-term follow-up not only for regular evaluation of their thyroid function but also for the

diagnosis of a possible depression. The excess risk that can be attributed to a risk factor in the
population (in case of the study presented in Chapter 2.3: TPOAb as a risk factor for depression)
can be determined by calculating the population attributable risk (PAR = R-RjR; R = risk in
the whole study group; Ro risk in the unexposed group = percentage depression in the TPOAb
negative group). PARs calculated for depression attributable to TPOAb were 4% at 12 and 32
weeks gestation and 13, 6, 3, I and 0% at 4, 12, 20, 28 and 36 weeks postpartum, respectively.

These results indicate that the contribution of depression associated with TPOAb is limited.
However, it might be important to identify these women because it might be hypothcscd that
treatment with thyroxine or antidcpressivants is beneficial.
Several risk factors for PPTD have been described previously (see Chapter 1.2). However,
these risk factors have been studied at an univariate level without correction for possible
interactions, although in some studies cases and controls were matched for age and parity.
TIle study described in Chapter 2.1 was the first in which a multivariate analysis was perfonned
to determine independent risk factors.
Apart from the wellknown risk factor TPOAb (RR=27.2), we found smoking and bottle feeding
independently related with PPTD: women who had ever smoked and women who did not
start breastfeeding had significantly increased risks (RR=3.1 and RR=ll.l, respectively).
A relation between smoking and PPTD was also found by Fling et aI., but others could not
confirm the relation (21,22). This discrepancy can be explained by differences in study design
(only cun'ent smokers or also ex-smokers in analysis) or a different distribution of smokers in
the population. Smoking during pregnancy has been related with obstetrical complications
and low birth-weight infants and disturbances of child development (23). We add a new
argument to the active campaign to prevent smoking in young women who might become
pregnant: the possible prevention of an exacerbation of AITD in the postpartum period.
We also found that breast feeding might have a protective effect (Chapter 2.1). TIle mechanism
of this presumed protective effect is unknown, but it might be suggested that some
immul1omodulating process associated with the pregnant state (see also Chapter 2.2) remains
operative during lactation. Also from tIus point of view it might be important to stimulate
women to start breast feeding after delivery.
Maternal hypothyroidism in gestation has been associated with disturbances of mental and
motor development of the child. Women with (subclinical) AITD (as determined by the presence
of TPOAb) are at risk for deVeloping hypothyroidism during pregnancy, especially when
residing in iodine-deficient regions (16,24). In a study of preschool children, Pop et al. found
that children from mothers positive for TPOAb in the third trimester of pregnancy showed an
impaired development compared to children front mothers negative for TPOAb (3). The
differences between the two groups persisted after correction for maternal thyroid function
and mood disturbances, and other psychosocial and child related variables related to child
development. However, information on the maternal thyroid function in early pregnancy was
110t available and other environmental and psychosocial factors who might have affected the
child's development were not studied. The study described in Chapter 2.3 was performed to
confirm the results from Pop et a1. and to include information on thyroid function and TPOAb
status in early pregnancy because the fetal thyroid does not produce thyroid hormones in the
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first trimester, and the developing brain might well be dependent upon matemal thyroid
hormone supply during the early stage of pregnancy (3,25). Child development was assessed
within ten months after delivery to avoid bias froIll environmental and psychosocial factors
supposed to interact with child development. We have shown that after correction for
psychosocial and medical nlctors 1m\' and 10w-l1on11al IT4 concentrations at 12 weeks gestation
correlated with lower scores on the Bayley Psychomotor Developmental Index (PDI) scale at
10 months of age. The results of this study indicated that even in our region with sufficient
iodine-intake low fT4 concentrations in early pregnancy do exist and that these low IT4
concentrations might have a negative effect on child development. Prolonged follow-up studies
of children from mothers with low IT4 and/or TPOAb during pregnancy are needed to evaluate
whether the anear in development is temporarily or permanent.
One of the main objectives of the studies described in the chapters 2.1 and 2.2 was to evaluate
if the prediction of PPTD could be improved by taking into account the time of TPOAb
testing, the combination with other anamnestic determinants, and/or CMI parameters related
with AITD. We found that the sensitivity of TPOAb testing alone was highest at 12 weeks
gestation (67%) and that the positive predictive value depended upon the cut-off point of
TPOAb testing (Chapter 2.1). Our results are comparable with those from other studies
(sensitivity 60-80%; positive predicitive value 40-60%) (1,2,21,26). The combination of the
results of TPOAb testing with the independent risk factors smoking and bottle feeding has
limited additional value for predicting PPTD: the positive predictive value increased slightly;
on the other hand, the already low sensitivity decreased. CMI parameters alone or in
combination with TPOAb did not yield higher sensitivities or positive predictive values for
identifying women at risk for PPTD.
Screening can be defined as "the systematic application of a test or inquiry to identify individuals
at sufficient risk of a specific disorder to benefit from further investigation or direct preventive
action, among persons who have not sought medical attention or account of symptoms of that
disorder" (27). A screening programme should be an organized public health activity and is
justified only when the tested individuals might benefit from the proposed intervention.
Examples of screening programmes in the Netherlands are the national programmes for breast
and cervix cancer screening, the screening of all newboms for phenylketonuria and congenital
hypothyroidism and the screening of all pregnant women in the first trimester of pregnancy
for bloodgrouplRhesus, Hepatitis B surface antigen and syphilis.
\Vhether a screening programme for all pregnant women for TPOAb in order to identify those
at risk for PPTD (and related disorders) is worthwhile remains debatable. Some promote
screening because of the risk of abortion, the risk of developing hypothyroidism in gestation
or in future life, or the risk of PPTD and/or depression (10,/6,24,28,29). Others state that
because of the low predictive value ofTPOAb and the absence of severe clinical symptoms of
PPTD a screening programme is not justified (30,31). However, screening for (subclinical)
hypothyroidism and identification of those at risk for hypothyroidism may be worthwhile in
some defined risk groups (e.g. pregnant women with type-I diabetes mellitus or women with
nnexplained infertility) (32). Danese et aI., Meier et al. and Weetman stated that TPOAb and/
or TSH testing to screen for (subclinical) hypothyroidism in women over 35-40 years may be
cost effective: the costs per quality-adjusted life year were about 9,200 US Dollars and were
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comparable with that for breast cancer screening and much lower than that for cervical cancer
screening (32-35).
The studies described in Chapters 2.1, 2.2, 2.3 and 2.4 indicate that TPOAb screening of all
pregnant women in the first trimester of pregnancy might be considered worthwhile for several
reasons:
- the detection of women at risk for hypothyroidism/low IT4 in gestation is important to
identify those at risk for obstetrical complications and/or impairment of child development

(Chapters 2.1 and 2.4);
- the identification of TPOAb+ women is of clinical interest because these women arc in

particular at risk for thyroid dysfunction in gestation. in the postpartum period and/or future
life and, to a lesser extent, for depression (Chapters 2.1, 2.2 and 2.3).
The most suitable screening test is clearly TPOAb testing which should be performed in the
lirst trimester of pregnancy and, if positive, followed by a fT4 assay (Chapter 2.4). It might be
w0l1hwhile to determine the number of activated T cells in TPOAb+ women to predict PPTD
development (Chapter 2.2). In future studies this diagnostic approach and possible therapeutic
interventions (e.g. L-thyroxine during or even before pregnancy) should be evaluated. Also, a

cost-benefit analysis of screening for TPOAb during pregnancy should be performed. In such
an analysis the costs of screening and treatment should be compared to the benefits of the
(possible) prevention of obestetrical complications, symptomatology of PPTD, depression
and the earlier detection of hypothyroidism, and the possible prevention of disturbances of

child development.
4.3. Thyroid cancel:
bl Chapter 3.1 the (trend in) incidence of thyroid cancer was described. The incidence in
southeastern Netherlands was similar to that in the surrounding countties (see Table I in

Chapter 1.3). In the 80's the incidence of papillary thyroid cancer (particular in women)
peaked and returned to the baseline level in the early 90's (7). In studies from Akslen et a!. in
Norway and Zheng et aL in Connecticut, USA, an increase of the incidence of papillary
thyroid cancer among males and females was found and in both studies a strong birth cohort

effect occurred with the highest incidence rates in the cohOlts born between 1910 and 1945
(and decreasing incidence rates in the cohorts born since 1945) (36,37). The increase of the
incidence conelated with the introduction and widespread use of external radiation treatment
for various benign conditions in childhood in these birth cohorts with highest incidences
(37,38). It is unlikely that the peak in incidence was due to earlier diagnosis only, i.e. after the
introduction of fine needle aspiration biopsy or close medical surveillance because the mean

age at diagnosis remained the same for all histological types during the period 1960-1992
(e.g. the mean age at diagnosis for papillary thyroid cancer was stable about 43 years) (B.
Hansen, personal communication) (36).
The consensus conference on the management of differentiated thyroid cancer in the

Netherlands (1987) discussed guidelines for the diagnostic strategy and for surgical and
additional 131 1 therapy (39,40). The proposed guidelines were based on recent literature and
discussions in workshops with participants from different countries. However, controversy
remained on the extent of surgical therapy.

In 1993, the Dutch Health Council report on the quality and allocation of care in oncology
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stated that oncological care should be organised in such a way that each patient receives the
best possible care by the standards that apply at the time (41). Also, the report recommended
that for thyroid cancer some form of concentration of tasks should be considered depending
upon the regional infrast11lcture.
In the studies presented in the Chapters 3.1 and 3.2 we have evaluated retrospectively topics
cOllceming the treatment of thyroid cancer patients in southeastern Netherlands. We showed
that patients were treated in all hospitals in the region (approximately 2-4 per year) and that
all increasing proportion was first seen by an intemist (in the majority of cases an internist
with endocrinological interest), Also. we showed that an increasing proportion of patients (in
particular those with differentiated thyroid cancer) underwent more extended forms of surgery
(total thyroidectomy with/without regional lymph node dissection) and that 131 1 ablation therapy
has been administered increasingly. Lastly, we showed that the prognosis of thyroid cancer
patients treated in the region was similar to that of patients treated in large referral centres.
Ovcrail, it can be concluded that thyroid cancer patients in the area under study received stateof-the-art therapy. However, the number of patients per hospital is low and we were unable to
evaluate postoperative complications such as hypoparathyroidism and recun-ent nerve lesions
(whose prevalence depends on the experience of the surgeon) (42,43). Moreover, the number
of thyroid operations (for benign and malignant conditions) has decreased (43a). It might be
suggested to stimulate regional cooperation by developing regional guidelines for diagnostic
procedures and treatment. The outcomes of the various surgical strategies and their
complications should be studied systematically in order to improve the prognosis even fmiher.
Prognostic factors for thyroid cancer have been studied manifold. The study of prognostic
factors is important for pre-operative selection of patients who might benefit most from
treatment (44). In the studies described in the Chapters 3.1 and 3.2 we found histological
type, sex, age at diagnosis and stage of disease related with survival. The results of these
univariate analyses \vere consistent with the findings from other studies: females, younger
patients, those with stage I-II disease and those with papillary or follicular thyroid cancer are
doing better (45,46,47).
In Chapter 3.2 we described a Illultivmiate analysis of prognostic factors for differentiated
thyroid cancer only. Our study was unique in two aspects: we studied the effect of treatment
on prognosis in an unselected population and we studied the effects of the various prognostic
variables within the first 5 years after diagnosis and after 5 years separHtedly. We found that
the extent of surgical therapy was not related to prognosis and that lJII therapy had a favourable
effect on prognosis in the first 5 years only, and that the effects of the prognostic factors age,
sex, histological type and extent of disease were different in the two 5-year period. These
findings may explain the differences in outcome between studies with different follow-up
periods and strengthen the need to study the results of the different surgical strategies and
additional 131 1 treatment. Such a study to clarify which surgical strategy and follow-up treatment
is preferable should be pert'ormed at the suprmegional or national level and should last for a
period of one or more decades.
The study on the prevalence of serious cOIllorbid conditions (Chapter 3.3) and the incidence
of second tumours (Chapter 3.4) is important for several reasons:
- the presence of one or more comorbid conditions may have an independent negative prognostic
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value and may limit the therapeutic altcmatives;
- to illustrate the complexity of care when co-morbidity does exist and the impact on follawup \vhen an increased risk of developing subsequent malignancies is present;
- co-morbid conditions and subsequent tumours may point at actio logical notions.
In the study on co-morbidity in patients with thyroid cancer (Chapter 3.3) it \vas shown that
the choice of surgical treatment, and therefore probably prognosis, was influenced by the
presence of one or more comorbid conditions in patients ~60 years. The same was found in

studies of other cancer types (48). The association between previous hematological
malignancies or tuberculosis and thyroid cancer is a confirmation of the wellknown association
between the exposure to external radiation for diagnostic or therapeutic purposes (38). Another
explanation is the close medical surveillance of these patients.
Although thyroid cancer is a rare type of cancer, it is important to describe its epidemiology.
Rare tumours, especially those who appear at a younger age, can act as indicators for
environmental factors thought to have effect on the initiation of that tumours. Examples are
the studies on the relation between thyroid cancer and the exposure to external radiation and/
or 131 1 in popUlations in Japan and the Pacific Ocean and, recently, in the Chernobyl region

(38). Also, studies on co-morbidity and on second tumours (see Chapters 3.3 and 3.4) arc
relevant in this respect.

4.4 Thyroid diseases and public health,
Apart from the national screening programma for congenital hypothyroidism, thyroid diseases
are not considered to be of great importance for public health policies in the Netherlands. A
chapter on thyroid diseases is lacking in both the first and the second edition of the Dutch

"Public health status and forecasts" published in 1993 and 1997 (49-53). Based on the findings
of these reports policy recommendations are being fonnulated regarding health care planning,
prevention and screening programmes and future research. Furthermore, the estimated costs
of endocrine disorders other than diabetes mellitus are limited: 0.6% of the total health care

budget in the Netherlands (54). However, these total costs were higher than that for AIDS or
lung or breast cancer, and the costs of endocrine disorders will increase with the ageing of the
population.
In the foregoing chapters we discussed items showing that thyroid diseases, and in particular

AlTD and thyroid cancel', should be considered as a public health problem of considerable
interest. Arguments for this point of view are:
- the considerable number of new patients with hypothyroidism largely as the result of AITD
is 2,250-4,500 per year, based on the results of the \Vhickham Survey and Dutch sentinel-

studies (55,56,57);
- the estimated number of patients using thyroid replacement therapy is 150,000-200,000: the
number of patients treated with L-thyroxine is about 15 per general practice (58);
- many hypothyroid cases continue to be unrecognised and remain untreated;
- the association between TPOAb, AITD and depression, the latter being considered as one of
the most important public health problems in the Netherlands because of the high prevalence
in the popUlation (53). We found that a proportion of depression in pregnant and postpartum

women could be attributed to the biologic determinant TPOAb (Chapter 2.3). Perhaps all
depressed patients should be tested for their thyroid function and TPOAb status in order to
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identify those with (subclinical)AITD and thercfore might benefit form L-thyroxine treatment;

- the number of thyroid cancer patients diagnosed and treated since 1970 and still alive is
relatively high (about 2,700 in the Netherlands

(7»

bccause of the very good prognosis for

the majority of thyroid cancer patients. These patients need specialized care (experienced
surgeons and in onethird of the cases 131 1 ablation therapy; see Chapter 3.2) and long-term
surveillance, not only for the detection of recurrences, but also for the evaluation of thyroid
replacement therapy and the risk of developing a second tumour (Chapter 3.4) (59).

- thyroid cancer is one of the tumours who should be considered to be registered at a national
level because of its low incidence and the complexity of diagnostic procedures and the
complexity of care and the need for a long-term follow-up (6).
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Chapter 5.
Summary.
This thesis foclises on epidemiological and pathogenetic aspects of thyroid dysfunction in
gestation and in the postpartum period ("postpartum thyroid dysfunction", PPTD) and the
epidemiology and pattern of cafC of thyroid canccr. The questions for the studies in tius thesis
concentrated on the possibility to predict the outbreak, severity and/or course of the
aforementioned thyroid disorders.
In the first part of Chapter 1 the epidemiology of thyroid diseases in the Netherlands was
reviewed to be able to put our data in perspective.
A brief description of PPTD and related disorders is presented in Chapter 1.2. \Vithin the
scope of this thesis we detined PPTD as any form of clinical thyroid dysfunction (abnormal
TSH and abnormal IT4) occurring in the first year after delivery. The incidence ofPPTD is 48%. PPTD is thought to be part of the spectrum of autoimmune thyroid diseases (AlTDs) in
the majority of the cases and is strongly associated with the presence of thyroid peroxidase
antibodies (TPOAb) duriug pregnancy and postpartum. PPTD is characterized by
hyperthyroidism (with less or no complaints) followed by hypothyroidism (with complaints
such as fatigue or wcight gain) and finally recovery. PPTD and/or TPOAb have also becn
associated with depression in the postpartum period. \Vomen positive forTPOAb have a relative
risk (RR) of20-80 for developing PPTD. However, the positive predictive value ofTPOAbis
limited (40-60%) and therefore screening of all pregnant women to detect those at risk for
PPTD remains controversial.
The epidemiology and management of thyroid cancer is reviewed in Chapter 1.3. Thyroid
cancer is a rare cancer type in the Netherlands (0.5% of all new cancers) and its incidence is
similar to that in the sun-ounding countries. The only well established risk factor is exposure
to external radiation. The prognosis is very good for papillary and follicular cancer, but
extremely poor for anaplastic thyroid cancer. Fine needle aspiration biopsy is the test of choice
for pre-operative selection of patients and surgery is the initial treatment of choice. 131 1 ablation
is recommended for all differentiated thyroid cancer patients with remnant thyroid tissue.

1-''01' the studies on PPTD, depression and its relation with TPOAb andlor thyroid dysfullction,
and child development, we followed prospectively a representative cohort of pregnant women
residing in the regioll Kempenland.
In Chapter 2.1 we evaluated if the positive predictive value ofTPOAbcould be enhanced by
taking into account the time of testing or by combining TPOAb with other putative detenninants
of PPTD. The long-term prognosis of women with PPTD was also studied. We found that the
incidence of gestational thyrotoxicosis was 2.1 % and of PPTD 5.2%. We confirmed TPOAb
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as the most prominent risk factor (RR 27.2) and found smoking habits (RR 3.1) and bottle
feeding (RR 11.1) independently related with PPTD. We found that a maximum of twothird
of PPTD cases can be predicted from the prcsence of TPOAb, and the most appropriate time
for testing is in the first trimester of pregnancy. Thc combination of TPOAb testing with

anamnestic determinants did not increase the predictive value substantially.
Another approach to improve the predictive value \vas described in Chapter 2.2: cellmcdiated
immunity parameters who are disturbed in various autoimmune states were studied
prospectively in pregnancies followed by PPTD and matched controls in order to determine
the usefulness of these parameters in the prediction of PPTD. TPOAb positive women
(irrespective of devclopment of PPTD) showed several cell mediated immunity abnormalities

such as persistently lower percentages natural killer cells and a lowered monocyte polarization
towards chemoattractants consistent with other autoimmune endocrine diseases. An increased
percentage of activated T cells in gestation or postpm1um discriminated between those TPOAb
positive women who did develop PPTD and those who did not. Women at risk for PPTD were
most accurate identified by TPOAb testing followcd by repeated activated T cell measurement.
The findings in Chapters 2.1 and 2.2 are suggestive for the existence of two forms of PPTD:
an autoimmune (TPOAb positive) form and a non-autoimmune form who are different in
pathogenesis, symptomatology and long-term prognosis.
There appears to exist an intriguing association between the presence ofTPOAb as a marker
for (subclinical) AlTO and depression, e.g. postpartum depression. In Chapter 2.3 we studied
the relationship bctween TPOAb and depression (according to the RDC criteria) during
pregnancy and in the 1st year postpartum, also in relation with other determinants of depression,
and we studied whether TPOAb positivity in pregnancy predicts depression after delivery.
After correction for the possible effects of other determinants for depression (such as
educational level, major life events, previous depression, pregnancy related factors and thyroid
dysfunction) wc found TPOAb and depression significantly related at 12 weeks gestation and
4 and 12 weeks postpartum. Also, TPOAb positivity at 12 weeks gestation was related with an
increased risk for developing depression in the postpartum period, about I year later (OR=2.8;
95%CI 1.7-4.5). Our findings confirmed the association of TPOAb (as a markcr for AlTO)
and depression and might indicate that AlTDs and depression share (in part) a common etiology.
In Chapter 2.4 we present a study on the association between low ff4levels in early pregnancy
and impaired psychomotor development in infancy. Chi1dren of women with low or lownormal IT4 in the first trimester of pregnancy showed lower scores on the Dutch version of
the Bayley Psychomotor Developmental Index. The detrimental effect of low fT4 appeared to
be dose-related. After correction for other determinants who might have affected child
development, such as demographic, psycho-social factors and TPOAb positivity, the association
continued to exist. It was concluded that low-normal IT41evels in early pregnancy even in an
iodine-sufficient region might have a negative impact on child psychomotor development and
that therefore screening of women in early pregnancy for low fT4 and TPOAb should be
considered.
The studies on thyroid cancer presented in this thesis were all based on data derived from the
Eindhoven Cancer Registly. These data were studied retrospectively for patients registered
since 1960.
The studies in Chapters 3.1 and 3.2 describe the trends in incidence and prognosis, and the
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trends in treatment, for all thyroid cancer and for differentiated thyroid cancer separatedly.
The incidence of thyroid cancer increased from 1.4 to 3.01l00,OOO/year for females and
remained unchanged for males (I. III OO,OOO/year).111e proportion differentiated thyroid cancer
increased, whereas the proportion anaplastic thyroid cancer decreased. These findings were
comparable to that in the SUlTotmding countries. 11le prognosis of thyroid cancer patients in
Southeastem Netherlands was good and similar to that of patients treated in large referral
centres: relative 5 and 10 year slIlvival rates were 80 and 75%, respectively; after 10 years of
[oHow-up no excess mortality occulTed.
In all hospitals in the region thyroid cancer patients were treated and patients received
increasingly more extended forms of surgery. The treatment for differentiated thyroid cancer
appeared to be as recommended by the Dutch consensus conference in 1987 and it was
concluded that patients \vith differentiated thyroid cancer in Southeastern Netherlands received
state-of-the-art treatment.
rn Chapter 3.2 a multivariate analysis of prognostic factors for differentiated thyroid cancer is
presented as wel1. Our findings were consistent with other studies: females, younger patients,
patients with stage I-II disease and patients with the papiJ1ary type of tumour did better.
However, we found that the effects of the various prognostic factors were different in the first
5 year and after 5 years, and that the extent of surgical therapy did not influence the prognosis
and that lJIr had a favourable effect within the first 5 years only.
In a study on co-morbidity (Chapter 3.3) the prevalence of comorbid conditions in thyroid
cancer patients diagnosed in 1993-96 is desctibed. The number of comorbid conditions did
affect the choice for surgical treatmcnt in elder patients. Also, an association between previous
hematological malignancies and tuberculosis and later thyroid cancer was found. We were
unable to study the possible cffect oIl prognosis because of the short follow-up period.
Second tumours after the diagnosis of thyroid cancer are described in Chapter 3.4. Thyroid
cancer patients exhibited a non significantly increased risk of developing a subsequent tumour
of 40%, which was in accordance of the results of other studies. For papillary thyroid cancer
separatedly, increased risks for developing leukaemia and prostate cancer were found and
these increased risks were not related with 131 1 therapy. It is suggested that some etiological
association between thyroid cancer and a spectnnn of other cancers does exist.
In the general discussion (Chaptcr 4) the conclusion and some critical remarks on the studies
are finally given. The validity and generalizibility of the rcsults of the studies are discussed
(Chapter 4.1): it was concluded that both the studies on thyroid dysfunction and related topics,
and the studies on thyroid cancer were valid and representative. The implications of our studies
for medical practice, and in particular screening, are discussed in Chapter 4.2. Because oflhe
relative high incidence ofPPTD, the association with obstetrical complications and impainnent
of child psychomotor development, the increased risk of developing permanent hypothyroidism
and the association with depression, TPOAb screening of all pregnant women should be
considered. For thyroid cancer, it should be considered to study the incidence and the results
of the different treatment strategies at the supraregional or national level because of the low
incidence and the complexitiy of diagnostic procedures and therapy. To our opinion, thyroid
discases, such as AITD (including PPTD) and thyroid cancer, should be considered as important
items for future public health policy in the Netherlands.
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Chapter 6.
Samellvatting.
Oit proefschrift beschrijft met name epidemiologische en pathogenetische aspecten van
schildklierfunktiestoornissen in de zwangerschap en de postpartum peri ode ("postpartum
schildklierfunktiestoornis"; PPS) en de epidemiologic en behandelingspatronen van
schildklicrkanker. De onderzoeksvragen voor de studies in dit proefschrift richtten zich op de
mogelijkheden am het uitbreken, de ernst enlof het verioap van bovengcnoemde schildklierziektcll te voorspellcn.
Om de resultaten van de studies in perspectief te plaatscn, werd het eerstc deel van Hoofdshlk
I gewijd aan een overzieht van de epidemiologic van schildklierziekten in Nederland.
Ecn korte beschrijving van PPS en dam'aan gerclateerde aandoeningen wordt gegeven in
Hoofdstuk 1.2. PPS wcrd voor dit proefschrift gedefinieerd als iedere vonn van eell klinisehe
schildklierfunktiestoornis (zowel afwijkend TSH als afwijkend IT4) optredend in het eerste
jaar na de bevalling. De incidcntie van PPS is 4-8%. Verondersteld wordt dat de meerderheid
van de gevallen van PPS deel uitmaakt van het spectrum van autoimmuun schildklierziekten.
Er is een associatie met de aanwezigheid van antistoffen tegen schildklierperoxidase (TPOAb)
in serum gedurende de zwangerschap en postpartum. Het klinisch beeld van PPS bestaat uit
eell periode vall hyperthyreoidie (met geen of weinig klachten) gevolgd door hypothyreoidie
(met klachten als vermoeidheid of gewichtstoename) en tenslotte volledig herstel. PPS en
TPOAb zijn beiden geassocieerd met depressie in de postpartum periode. Vromven die
seropositief zijn voor TPOAb hebben een relatief risico (RR) van 20-80 voor het ontwikkelen
van PPS. De positief voorspellende waarde van TPOAb is echter beperkt (40-60%) en daarom
blijft de screening van aUe zwangeren 0111 degenen die een verhoogd risico hebben op PPS te
identificeren discutabel.
Een overzicht van de epidemiologie en de diagnostiek en behandeling van schildklierkanker
wordt gegeven in Hoofdstllk 1.3. Schildklierkanker is zeldzaam in Nederland (0,5% van alle
nienw gediagnostiseerde kankers) en de illcidentie is vergelijkbaar met die in de omringende
landen. Blootstelling aan radioactieve straling is de enige goed beschreven risicofactor. De
prognose voor patienten met papillair of folliculair schildkliercarcinoom is bijzonder goed;
voor die met anaplastisch schildkliercarcinoom extreem slecht. Voor pre-operatieve selectie
vall patienten heeft dunne-naald-aspiratie-biopsie de voorkeur; chirurgische behandeling is in
eerste instantie aangewezen. Ablatietherapie met radioactief Iodium (1311) is aanbevolen voor
aIle patienten met gedifferentieerd (papiHair of fol1iculair) schildkliercarcinooIll met resten
van schildklierwcefsel na operatie.
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Om PPS, de rclatie tussell TPOAb en/of schildklierfunktiestoornisscn en depressie en
vroegkinderlijke ontwikkeling te bestudcrCll, werd cell representatief cohort van zwangere
vrouwcn afkol11stig uit de regia Kempenland prospectief gevolgd.
In Hoofdstuk 2.1 onderzochten wij of de positief voorspcllcnde \Vaarde van TPOAb verbeterd
zou kunncn worden door rekening te houden met het tijdstip van testen of door het resultaat
van de TPOAb-test te combinercn met andere (mogeJijke) detenninanten van PPS. Tevens
werd de lange-tennijn prognose van vrouwcn die PPS doormaaktcn bestudeerd. De door ons
gcvonden incidentie van zwangcrschapsthyrotoxicose was 2,1 %, die van PPS 5,20/0, TPOAb
waren ook in onze studic de meest belangrijke risicofactor voor PPS (RR 27,2); het roken!
gerookt hebben van sigaretten (RR 3,1) en het geven vall flesvoeding (RR 11,1) waren eveneens
onaflwnkelijk gerelateerd met PPS. \Vij vonden dat maximaal tweederde van de gevallen van
PPS voorspeld kan \"vorden met behulp van TPOAb; het meest geschikte moment voor testen
is in het eerste trimester van de zwangerschap. Het combineren van het rcsultaat van de TPOAhtest met anamnestischc determinanten verhoogde de positief voorspellende waarde slechts in
geringe mate.
Een andere benadering am de voorspellende waarde te verbeteren is beschreven in Hoofdstuk
2.2: de parameters van de cellulaire immuniteit die gestoord zijn bij verschillende autoimll1uun
ziekten werden prospectief bestudeerd bij zwangeren die later PPS doormaakten en in
gematchte controles om de bmikbaarheid van deze parameters vaal' de predictie van PPS te
bestuderen. TPOAb positieve vrouwen (onafhankelijk van de ontwikkeling van PPS)
vertoonden verschillende cellulair inunuun gemedieerde abnormaliteiten zoals voortdurend
vcrlaagde percentages "natural killer" cellen en een verlaagde chemoattractant-gestimuleerde
monocyten polarisatic. Deze abnormaliteiten zijn vergelijkbaar met die bij andere endocriene
autoimmuun ziekten. Ecn verhoogd percentage geactiveerde T cellen in de zwangerschap of
postpartum discrimineerde tussen die TPOAb positieve vrouwen die PPS ontwikkelden en
die dat niet deden. Vrouwen die "at risk" waren voor PPS werden het beste geidcntificeerd
door eerst te testen op de aanwezigheid van TPOAb en daarna het percentage geactiveerde T
cellen bij herhaling Ie bepalen.
De resultaten van de studies beschreven in de Hoofdstukken 2.1 en 2.2 zijn suggestief voor
het bestaan van twee vormen van PPS: een autoimmuun (TPOAb positieve) vonn en een nietautoimmune vonn. De twee vormen zijn verschillend in pathogenese, symptomatologie en
lange-tennijn prognose.
Er is een intrigerende associatie tussen de aanwezigheid van TPOAb (een "marker" Vaal'
(subklinische) autoimmuun schildklierzieklen) en depressie (zoals postpartum depressie). In
Hoofdstuk 2.3 bestudeerden wij de relatie tussen TPOAb en depressie (vastgcsteld met behulp
van de RDC cdteria) gedurende de zwangerschap en in het eerste jaar na de bevalling. In deze
studie werden ook andere detenllinanten van depressie hetrokken. Tevens werd bestudeerd of
TPOAb positiviteit tijdens de zwangerschap voorspellende waarde had voor depressie na de
bevalling. Na correctie voor de mogelijke illvloed van andere detenllinanten (zoals
opleidingsniveau, stress volle levensgeheurtenissen, een eerdcre depressie,
zwangerschapscomplicaties en schildklierfuIlktiestoomissen) bleken TPOAb en depressie
significant gerelateerd bij 12 weken zwangerschap en 4 en 12 weken postpartum. De
aanwezigheid van TPOAb bij 12 weken zwangerschap was tevens geassocieerd lllet een
verhoogd risico op het ontwikkelen van depressie na de bevalling, ongeveer 1 jaar later (OR::::
2,8; 95% betrouwhaarheidsinterval 1,7-4,5). Onze resuHaten bevestigden de associatie van
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TPOAb (als "marker" voar autoimJ11uull schildklicrziekten) met depressie en zijn suggestief
voor een mogelijkc (gedeeltclijke) gezamenlijke etiologic van depressie en autoinUlluun
schi Idklierziekten.
In Hoofdstuk 2.4 wordt een studie geprcsenteerd over de associatie tussell laag IT4 in serum
in de vrocge z\vangerschap en een gestoorde psychomotore ontwikkeling van het kind.
Kinderen van VroUWCIl met een verlaagd of laag-nannaal ff4 in het eerste trhnester van de
zwangerschap vertoonden lagerc scores op de Nederlandse versie van de "Bayley Psychomotor
Developmental Index". Het nadelige effect vanlaag IT41eek dosis-gerelateerd: bij lagere IT4
waarden was er tevens een lagerc score op de ontwikkelingsschalen. Oak na correctie voor
andere determinanten van pSYChOIIlotorC ontwikkeling, zoals demografisehe en psychosociale
faetoren en de aanwezigheid van TPOAb tijdel1s de z\vangerschap, bleef de assoeiatie bestaan.
Geconcludeerd kan dan oak worden dat lage tT4 waardcn in de vraege zwangerschap oak in
een 10dium-sufficiente regio een negatieve invlocd kunnen hebben op de psychomotore
ontwikkeling van het kind en dat daarom screening op laag IT4 en TPOAb in het eerste
trimester overwogen dient te worden.
De studies over schildklierkanker in dit praefschrift zijn gebaseerd op gegevens verkregen
van de kankerregistratie van het Integraal Kankercelltrum Zuid (lKZ) te Eindhoven. De
gegevens van patienten geregistreerd sinds 1960 werden retrospectief bestudeerd.
In de Hoofdstukken 3.1 en 3.2 worden de trends in de incidentie en de progllose, en de trends
in behandeling, beschreven voor de gehele groep patiellten en voor patienten met
gedifferentieerd schildkliercarcinoom afzonderlijk. De incidentie van schildklierkanker nam
toe bij vrouwen van 1,4 tot 3,OnOO.OOO/jaar en bleef constant bij mannen (1,111 OO.OOO/jaar).
Het percentage gedifferentieerde schildkliercarcinomen nam toe; het percentage anaplastiseh
schildkliercarcinoom nam af. Deze resultaten waren vergelijkbaar met die in de omringende
landcn. De prognose voor patienten mct schildklierkanker in Zuidoost Nederland was gocd
en geJijk aan die van patienten behandeld in grate referentie ziekenhuizen: de relatieve 5- en
10-jaars overlevingskansen \varen respectievelijk 80 en 75%; na een follow-up periode van
10 jaar trad er geen extra sterfte meer op.
In aile ziekenhuizen in de regio werden sehildklierkankcrpatienten behandeld en deze patienten
ondergingen in toenemende mate uitgebreidere vormen van chirurgie. De behandeling van
patienten met gedifferentieerd sehildkliercarcinoom bleek zoals aanbevolen door de
Nederlandse cOllsensus-bijeenkomst in 1987 en gecollcludeerd kan worden dat patienten Illet
gedifferentieerd schildklicrcarcinoom in Zuidoost Nederland bchandeld werden volgens de
meest reeente opvattingen.
In Hoofdstuk 3.2 werd tevens een lllultivariate analyse van prognostische factoren vaal'
gedifferentieerd schildklierkanker bcschreven. Onze resultaten waren vergelijkbaar met die
van andere studies: vl'Ouwen,jongere patientcn, patienten met TNNI stadium I-II en patienten
met een papillairc tumor hadden een betcre prognose. Tevens vonden wij echter dat de effecten
van de verschillende prognostische nlctoren in de eerste 5 jaar en in de peri ode vanaf 5 jaar
verschillend waren, en dat de uitgebreidheid van de chirurgisehe bchandeling geen effect had
op de prognose en dat UtI nabehandeling aIleen een gunstig effect had in de eerste 5 jaar.
De prevalentie van eo-morbiditeit bij nieuwe patiCnten met schildklierkanker in de peri ode
1993-96 werd beschreven in Hoofdstuk 3.3. De keuze om chirurgisch te behandclen werd bij
oudere patienten beinvloed door het aantal van bijkomende aandoeningen. Tevens werden er
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aanWIJZlllgen gevonden voor cen rclatie van schildklierkanker met cen voorafgaande
hcmatologische maligniteit en tubcrculose. Het effect van co-morbiditeit op de prognosc kon
Iliet bestudecrd worden vanwege de korte follow-up peri ode.
Het voorkomen van tweede hlfiloren na schildklierkanker werd beschreven in Hoofdstuk 3.4.
Schildklierkankcrpatienten vertoonden een statistisch Iliet-significant verhoogd risico van 40%
op het ontwikkelen van een tweede tumor, hetgecn in Qvcreenstemming was met de resu1tatcn
van andere studies. Voar papi11air schildklierkanker afzonderlijk was er een verhoogd risico
op de ontwikkeling vall leukemic en prostaatkanker; dit verhoogde risico was niel gerelatecrd
met IJII nabehandeling. Mogelijk is er eell etiologische associatie tussen schildklierkanker en
een spectrum van andere maligniteiten.

In het Iaatste Hoofdstuk (4.4) worden de conclusies en enkele kanttekeningen bij de studies
bcsproken. De validiteit en de generaliseerbaarheid van de resultaten van de studies worden
besprokcn (Hoofdstuk 4.1): geconcludeerd kan worden dat zowel de studies over PPS en
gerelateerde onderwerpen als de studies over schildklierkanker als val ide en representatief
beschouwd kunnen worden. De implicaties van de studies voor de praktijk. en dan met name
Vaal' screening, worden besproken in Hoofdstuk 4.2. Argumenten voor het aanbicdell van ccn
TPOAb test aan aIle zwangcren zijn de relatief hoge incidentie van PPS, de associatie met
obstetrische complicaties, de negatieve gevolgen voor de psychomotore ontwikkeling van het
kind, het grate risico op het ontwikkelen van een penllanente hypothyreoidie en de associatie
met depressie. Vanwege de lage incidentie en de complexiteit van de diagnostiek en therapie
vcrdient het aanbeveling om de incidentie en de resultaten van de verschil1ende
behandclingsopties van schildklierkanker op supraregionaal of nationaal niveau te evalueren.
Tenslotte: schildklierziekten, zoals autoimmuun schildklierziekten (inclusief PPS) en
schildklierkanker, dienen beschouwd te \vorden als relevante onderwerpen vaal' het toekomstige
gezondheidsbeleid in Nederland.
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Appendix.
Southeastern Netherlands and the Kempen.
The studies reported in this thesis were all, performed in the southeastern part _of The
Netherlands. Therefore, a brief description of the characteristics of this region is given.
For the snldies on postpartulll thyroid dysfunction (PPTD). a representative cohort of 310
Caucasian women residing in the region KempenlandIVeldhovenJValkcnswaard (the "Kempcllregion") was followed prospectively during pregnancy and in the first year after delivery. The
region consists of seven municipalities south of the town of Eindhoven and had 155,000
inhabitants in 1996 (I).
The high fertility rate of 3 in the 60's has dropped to 1.5 per wOlllen in the 90's. illustrating
the secularization of the largely Roman-Catholic population; in the Kempen-region, 1,9002.000 children are being born annually (I). About twothird of all pregnant women attend to
the local midwives and onethird to a gynaecologist in one of the regional hospitals, in the
majority of cases the St Joseph Hospital Veldhoven. As a consequence of the dropped fertility
rate and increasing life-expectancy, there is a pronounced ageing of the regional population:
the number of people over 55 years increases annually with 2% (1,2).
The region served by the Eindhoven Cancer Regishy (part of the Comprehensive Cancer
Centre South, Eindhoven) comprises an area of about 2,500 km 2 in the southeastern part of
the province Noord-Brabant and the n0l1hem part of the province Limburg (2). The number
of newly diagnosed cancers is about 11,000 per year (2). Both the incidence of lung cancer in
males and breast cancer in females belong to the highest when compared to other western
count lies (3,4). The region has about I million inhabitants (7% of the total Dutch popUlation)
and is representative for the caucasian population in The Netherlands.
The number of community hospitals in the region covered by the Eindhoven Cancer RegistIy
has been declining from II to 8, due to hospital mergers in the late 80's. The Department of
Radiotherapy in Eindhoven serves since the late 50's as the regional centre for patients referred
for treatment with external radiotherapy or treatment with radioactive iodine ( 131 1) for benign
or malignant thyroid diseases. The completeness and accuracy of the data registered by the
Eindhoven Cancer Registry was evaluated in 1980-83 and it was concluded that the
completeness of the data for most tumours could be assumed from the early 70's onwards (5).
The average population density is about 400 persons/km2, conform to the national average.
About 45% of the popUlation lives in urban, 45% in suburban and 10% in mral municipalities.
The southeastern part of The Netherlands is one of the most industrialized regions of the
country. The rapidly growing industries generate electronic and high tech products, cars and
trucks, textiles and food products. The tobacco processing industry was traditionally important
in the Eindhoven area; nowadays the Dutch tobacco industry is concentrated in the Kempenregion and is one of the worlds greatest producers of cigars. Zinc factories, situated along the
border with Belgium since 1900, caused a marked pollution of the soil with cadmium. An
intensive pig and poultry breeding industry has developed during the last 30 years, which now
conttibutes considerably to acid rain and the rising nitrate content in the groundwater, which
also contains increasing amounts of agrochemicals (the latter probably related to the
development of thyroid tumours (6». Since the 60's there wcre rising and relatively high
concentrations of ozone, lead, nitrogen monoxide and sulphur dioxide, orginating from
surrounding industrialized regions and an marked increase of transport by trucks and cars.
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The daily iodine intake is sufficient in southeastel1l Netherlands (7,8). In the 40's and 50's,
however, the prevalence of goiter due to deficient iodine intake ,vas extremely high. especially
in the Kempen-region (prevalence >60%) (9).
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Ziekenhllis te Veldhoven.
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De schrijver van dit proefschrift werd gcboren op 28 oktober 1956 te Breda. In 1975 behaalde
hij het eindexamcn Atheneum B aan het Onze Lieve Vrouw Lyceum te Breda, waarIla hij

geneeskunde studeerde aan de Katholieke Univcrsiteit Nijmegen. Gedurende de studie was
hij 2 jaar bestuurslid van de studentenroeivcreniging Phocas. Het misexamcn werd behaald in
1983. Aansll1itend werd de militaire dienstplicht vcrvllld op de afdcling Inteme Geneeskllnde
van het Militair Hospitaal "A. Mathysen" te Utrecht. In de periode 1984-1987 werkte hij
achtereenvolgens ais arts-assistcnt op de afdelillgen Cardiologic van het Elisabeth's Gasthuis
te Haarlem, het Franciscus Ziekcnhuis te Roosendaal en het De Wcverziekcnhuis te Heerlcll.
Tegelijkertijd werd een korte peri ode gcwerkt als toegevoegd onderzoeker bij de vakgroep
Economic van de gezondheidszorg van de Rijksuniversiteit Maastricht. Vanaf augustus 1987
is de schrijver werkzaam bij de GOD regia Gcldrop-Valkenswaard, thans de GOD ZuidoostBrabant. In 1992 werd hij gcregistreerd als sociaal-gelleesklilldige, tak AGZ; ill 1991 werd
tevens de rcgistratie als forensisch gcneeskundige vcrkregen.
De schrijver is gehuwd met Janncke Romeijndcrs; samen hebben ze drie kinderen: Pieter,
Juliette en Maartcn.
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