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Background: In populations with mild iodine deficiency, the serum level of thyrotropin (TSH) is negatively and
the serum free thyroxine (FT4) is positively associated with age. An ongoing decrease of TSH and increase of
FT4 can be found after iodine supplementation. The aim of this study was to investigate whether there are
current differences in the relation between thyroid function and age in relation to differences in iodine intake in
the past.
Methods: Eight medical laboratories in several regions of The Netherlands, which are all iodine sufficient at
present but with a difference in iodine status in the past, provided the results of all TSH and FT4 measurements
performed from 2006 until 2011, resulting in 330,802 TSH and 103,940 FT4 measurements.
Results: The negative association between TSH and age in the elderly is only present in areas with a historical
iodine deficiency (regression coefficients [RC] - 0.008, 95% confidence interval [CI] - 0.009; - 0.007). In the
historically iodine-sufficient population, TSH shows no obvious increase or decrease with age. In both the
historically iodine-sufficient and iodine-deficient populations, FT4 levels were positively associated with age in
the elderly (RC 0.009, 95% CI 0.008; 0.010 and RC 0.008, 95% CI 0.007; 0.010, respectively).
Conclusions: There are differences in relation between thyroid function and age between populations with
differences in iodine intake in the past, despite an adequate iodine status at present. This raises the question
whether the present but also historical iodine status of a population should be taken into account when
establishing the reference limits of TSH and FT4.

Iodine is an important component of thyroid hormones.
Severe iodine deficiency can cause primary hypothyroid-

ism and cretinism. In case of mild iodine deficiency, several
autoregulatory mechanisms within the thyroid are triggered
to prevent hypothyroidism (1). When these mechanisms fail,
there is an increase of thyrotropin (TSH) secretion through
hypothalamic/pituitary feedback in order to maintain eu-
thyroidism. The compensatory mechanisms within the thy-
roid and the continuous TSH stimulation eventually may
lead to growth and autonomous function of the thyroid
gland and, especially when iodine is supplemented later, to
hyperthyroidism.

Some large population-based studies, such as the NHANES
III study, reported that the serum TSH level is positively as-
sociated with age in populations with adequate or high iodine
intake (2–6). The fact that the elderly have on average higher
TSH values in these iodine-sufficient populations is one of
the reasons why it has been suggested to increase the upper
reference limit of normal serum TSH in the elderly (7,8).
However, other cross-sectional population studies have shown
that in populations with mild or moderate iodine deficiency,
the average serum level of TSH is negatively and that of free
thyroxine (FT4) positively associated with age, probably due
to autonomous function of the thyroid gland (9–12). The
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suggestion of increasing the upper limit of the reference range
of serum TSH in the elderly seems therefore not appropriate
for these populations.

Knudsen et al. (10) showed a different association between
serum TSH level and age in two areas in Denmark with slightly
different iodine status. In Aalborg, an area with moderate iodine
insufficiency, there was a decline in serum TSH levels with age,
whereas in Copenhagen, an area with only a very mild iodine
insufficiency, this decline was not present. So, even within a
relatively small geographic area, differences of iodine intake
seem to influence the relation between thyroid function and age.

In the past, mild iodine deficiency was present in the
eastern and southern part of The Netherlands (13–15). After
the introduction of the water supply system (around 1900),
the prevalence of goiter increased in the eastern and southern
part of the country. The groundwater that was used for the
water supply system contained less iodine than the previously
used more superficial ground water and contained less iodine
in the eastern and southern part of The Netherlands than in
other parts of the country (15). Iodine supplementation was
instituted as of 1935. Since then, several additional measures
such as the compulsory use of iodized salt in bakeries, in-
stituted in 1963, were implemented to achieve a daily intake
of iodine within the optimal range as recommended by the
World Health Organization (WHO) (16). Despite these ef-
forts at increasing iodine intake, in 1981 the iodine status was
still insufficient in the eastern part of The Netherlands and
goiter was more prevalent in comparison to the western part
of The Netherlands (15,17). Therefore, in 1982, the amount
of iodized salt in bakeries was increased. Currently, the io-
dine status of The Netherlands is considered to be adequate,
based on studies regarding iodine intake and urinary excre-
tion in several regions in The Netherlands (18–24).

In subjects of the Nijmegen Biomedical Study (NBS), a large
population-based survey in the eastern part of The Netherlands,
serum TSH level is negatively associated with age and FT4 level
is positively associated with age (12). Despite the adequate
iodine status of this population at this moment, a currently on-
going decrease of TSH levels and increase of FT4 levels in
subjects 50–72 years old was found in a longitudinal study (25).
The decrease of TSH and increase of FT4 with age in this
population is probably caused by the mild iodine deficiency in
the past. Iodine deficiency in the past may have led to autono-
mous thyroid function, which at present causes an ongoing in-
crease of FT4 levels and decrease of TSH levels over time.

These studies suggest therefore that both the current and
the past iodine intake can influence the relation between
thyroid function and age. Because iodine insufficiency in the
past seems to cause an ongoing increase of FT4 and decrease
of TSH even after attaining an adequate iodine status, we
hypothesized that there might also be differences in the re-
lationship between thyroid function and age in populations
that had a different iodine intake in the past. Therefore, the
aim of this study was to investigate the relation between
thyroid function and age in populations from several geo-
graphic regions in The Netherlands that are iodine sufficient
at present but had a different iodine intake in the past.

Materials and Methods

To sample several regions with different iodine intake in
the past we used routinely achieved TSH and FT4 levels from

laboratories that perform these measurements ordered by
general practitioners for screening purposes. Because thyroid
hormone assays are ordered with high frequency we hy-
pothesized that the results are representative for the regional
population. Eight large medical laboratories were invited to
participate. The laboratories were chosen for their geographic
localization in The Netherlands, namely either in the histori-
cally iodine deficient southern/eastern part of The Nether-
lands or in the historically iodine sufficient western part
of The Netherlands (15). The participating laboratories were
situated in the cities Nijmegen, ‘s-Hertogenbosch, Doetinchem,
Helmond, Breda, Haarlem, Amsterdam, and Leiden. They
each provided the results of all TSH and FT4 measure-
ments performed at the respective laboratories from 2006
until 2011 (the measurements from Leiden were performed in
2013 only, the measurements from Amsterdam were per-
formed from 2006 until 2013). For each person in whom TSH
or FT4 level was measured, data on age and sex were pro-
vided. All measurements of TSH and FT4 were performed on
request of a general practitioner in outpatients. Serum TSH
(third-generation assay) and FT4 levels were measured by
random access analyzers (electrochemiluminescence assay
[ECLIA] Modular E170, Roche Diagnostics, Mannheim,
Germany; luminescent enzyme immunoassay [LEIMA] Co-
bas 6000, Roche; ECLIA Dimension Vista, Siemens Heal-
thare, Erlangen, Germany; LEIMA Immulite 2000, Siemens;
chemiluminescence immunoassay [CLIA] Dxl 800, Beckman
Coulter, Woerden, The Netherlands). Details of the partici-
pating laboratories and the laboratory methods are shown in
Supplementary Table S1 (Supplementary Data are available
online at www.liebertpub.com/thy).

To ensure that we included only the treatment-naı̈ve pa-
tients we applied the following strategy. We assumed that
when the thyroid hormone levels of a patient without previ-
ously known thyroid disease are measured, it is probably
because of symptoms such as fatigue or weight gain, etc.
Most of the time, the general practitioner will also order other
blood analyses in order to screen for common diseases in
such symptomatic patients. Some of the participating labo-
ratories offer a package of several blood analyses to general
practitioners to screen for some common causes of fatigue in
patients. These packages for example include glucose level,
erythrocyte sedimentation rate, hemoglobin level, and TSH
level. When such a package was available at a laboratory,
only these TSH measurements were included. If such a
package was not available, only TSH measurements were
included if glucose and hemoglobin level were measured at
the same time. In one laboratory (Helmond), glucose levels
were not available, but hemoglobin levels were required for
inclusion. We assumed that most patients using thyroid
medication get their thyroid hormones level monitored pe-
riodically by measuring TSH and/or FT4 levels only.
Therefore, we excluded all subjects in whom only a serum
TSH and/or a FT4 level was measured.

Historical data of iodine status in the regions of the par-
ticipating laboratories are shown in Table 1. In Haarlem,
Leiden, and Amsterdam, three cities situated in the western
part of The Netherlands, low goiter prevalence has been re-
ported in the past (1951) whereas a high goiter prevalence has
been reported in the cities in the eastern/southern part of The
Netherlands (26). Iodine intake was higher in Leiden in the
late 1970s in comparison to some cities (including Helmond
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and Nijmegen) in the eastern/southern part of The Nether-
lands (15). In the early 1980s, iodine intake was still insuf-
ficient in women (in Doetinchem and Helmond but also in
Leiden) (13). For the past 20 years, a sufficient iodine intake
has been reported in all regions of The Netherlands (18–24).

Statistical analysis

We standardized the TSH and FT4 values in order to show
the results of different laboratories combined, using z scores
(the number of standard deviations that a value differs from
the mean). Because of a skewed distribution of TSH, TSH
measurements were (natural) log transformed and we dis-
played geometric means of TSH with its 95% confidence
intervals when presenting the results per laboratory separately
(Supplementary Fig. S1). Linear regression analysis was used
in order to describe the association between thyroid hormones
(z scores, TSH after log transformation) and age. Because of a
nonlinear relationship between thyroid hormones and age, as
shown in Figure 1, the population was divided in different age
categories (0–35; 35–60; 60 years or older) and linear re-
gression analyses was performed per age category. In order to
compare the regression coefficients (RC), we included an
interaction term in the regression model.

Results

In total, 894,435 TSH measurements and 448,655 FT4

measurements were obtained. A total of 330,802 TSH and

103,940 FT4 measurements were performed in combination
with (glucose and) hemoglobin measurements and these re-
sults were used for analyses. The numbers of included TSH
and FT4 measurements per laboratory are shown in Supple-
mentary Table S1.

Figure 1 shows the standardized values of TSH and FT4 for
the eastern/southern part (‘s-Hertogenbosch, Nijmegen,
Doetinchem, Helmond, and Breda) and the western part of
The Netherlands (Amsterdam, Leiden, and Haarlem). In both
the eastern/southern part and the western part, average TSH
levels are negatively associated with age during young
adulthood. In the eastern/southern part, average TSH levels
then increase gradually from approximately 35 years until the
age of 60 years. In the elderly (60 years or older), average
TSH levels decrease with age (RC - 0.008, 95% CI - 0.009;
- 0.007, this corresponds with a decrease of 0.7% of the
average TSH level per year). In the western part, TSH shows
no obvious increase or decrease with age in the population of
approximately 35 years and older (age 60 years or older: RC
- 0.002, 95% CI - 0.003; - 0.001, this corresponds with a
decrease of 0.1% of the average TSH level per year). The
effect size is only very small and when considering Figure 1,
we conclude that there is no obvious trend of decrease or
increase of TSH in elderly in the western part. The difference
in RC between the eastern/southern part and western part in
the elderly is 0.006, 95% CI 0.004–0.007, p < 0.001.

The average FT4 levels in the eastern/southern part show
the opposite pattern of the TSH levels in this area: the FT4

Table 1. Overview of Historical Data on Iodine Status of Participating Regions

Geographic region
in The Netherlands Historical data on iodine status

Nijmegen Eastern part 1951 goiter prevalence 40–60% (26)
1977 urinary iodine excretion 80 lg/d, goiter prevalence 47% (15)
2006 median urinary iodine concentration 130 lg/L (25)

‘s-Hertogenbosch Southern part 1951 goiter prevalence 20–30% (26)

Helmond Eastern–southern part 1951 goiter prevalence 40–60% (26)
1987 urinary iodine excretion \111-_135 lg/d, goiter prevalence

31–39% (13)

Doetinchem Eastern part 1951 goiter prevalence > 60% 26
1977 urinary iodine excretion \69–_118 lg/d, goiter prevalence

20–50% (15)
1987 urinary iodine excretion \122–_157 lg/d, goiter prevalence

20–35% (13)
1995 median urinary iodine concentration 151–166 lg/L, goiter

prevalence 0.8% (20)
2006 urinary iodine excretion 236 lg/d (24)
2010 urinary iodine excretion 165 lg/d (24)

Breda Southern part 1951 goiter prevalence 40–60% (26)

Haarlem Western part 1951 goiter prevalence 0–20% (26)
1995 median urinary iodine concentration 142–168 lg/L, goiter

prevalence 2.6% (20)

Amsterdam Western part 1951 goiter prevalence 20–30% (26)
1995 median urinary iodine concentration 142–168 lg/L, goiter

prevalence 2.6% (20)

Leiden Western part 1951 goiter prevalence 20–30% (26)
1977 urinary iodine excretion \123–_126 lg/d, goiter prevalence

8–10% (15)
1987 urinary iodine excretion \114–_153 lg/d, goiter prevalence

7–32% (13)

HISTORICAL IODINE STATUS AND THYROID FUNCTION 631

D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

T
w

en
te

 f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
9/

11
/1

8.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 



levels are positively associated with age during young
adulthood and then decrease until the age of 60 years. In
subjects aged 60 years or older, FT4 levels further increase
with age (RC 0.008, 95% CI 0.007–0.010, this corresponds
with an increase of 0.04 pmol/L of the average FT4 level per
year). In the western part, FT4 levels show no obvious in-
crease or decrease with age until the age of 60 years. In
subjects, 60 years or older, FT4 levels are positively associ-
ated with age (RC 0.009, 95% CI 0.008; 0.010, this corre-
sponds with an increase of 0.04 pmol/L of the average FT4

level per year).
Supplementary Figure S1 shows the geometric means of

TSH levels by age per laboratory. Supplementary Figure S2
shows the means of FT4 levels by age per laboratory.

Discussion

The aim of this study was to investigate whether there are
differences in the relation between thyroid function and age
between populations with differences in iodine intake in the
past, despite an adequate iodine status at present, indicating
that the TSH/FT4 versus age relation could be used as an
indicator of historical iodine status. Our results show that the
negative association between TSH and age in the elderly (60
years or older) is only present in areas with a history of (mild)

iodine deficiency. In the areas with historically more ade-
quate iodine status, TSH levels were neither positively nor
negatively associated with age. An explanation for these
findings could be the fact that due to mild iodine deficiency in
the past, several compensatory mechanisms within the thy-
roid and continuous TSH stimulation have led to growth and
autonomous function of the thyroid. Thereafter when iodine
intake is supplemented, a tendency to hyperthyroidism may
develop. Another explanation could be that iodine deficiency
has an epigenetic effect early in life, perhaps even prenatally,
which is persistent despite of iodine repletion.

Our results agree with those of Knudsen et al. (10), which
showed a different association between TSH and age in two
areas in Denmark with slightly different iodine status at
present. In our study, in the previously iodine-deficient area,
we could detect the negative association between TSH and
age in the elderly (60 years or older) only. By contrast, in
younger subjects (aged 35–60 years old), TSH was positively
associated with age, causing a remarkable curve in the TSH–
age relation figure. The reason for this might be the fact that
the younger subjects are not exposed to iodine deficiency in
the past, due to the mandatory use of iodized salt in bakeries
in the Netherlands since 1963 and the successive efforts of
the Dutch government to achieve an adequate iodine status
since then. Therefore, the younger subjects are less likely to

FIG. 1. Standardized values of serum TSH (a) and FT4 (c) for the eastern/southern part (historical iodine deficient areas:
‘s-Hertogenbosch, Nijmegen, Doetinchem, Helmond, and Breda) and the western part of The Netherlands (b and d)
(historical iodine sufficient areas: Amsterdam, Leiden, and Haarlem). Total number of measurements: serum TSH eastern/
southern part, 178,074; western part, 152,728; serum FT4 eastern/southern part, 26,297; western part, 77,643. TSH, thyrotropin;
FT4, free thyroxine.
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have developed growth and autonomous function of the
thyroid. We hypothesize that if one would examine the re-
lationship between TSH and age in several decades in this
area, one might find a positive association between TSH and
age in all age groups 35 years or older. Probably the results
would then be more in line with the results of the NHANES
III study, a large population study in an iodine sufficient area,
which reported a positive association between TSH and age
in all age groups (2).

In the historically iodine-deficient area, FT4 levels are
negatively associated with age in subjects aged 35–60 years
and positively associated with age in the young subjects aged
35 years or younger and in the elderly, aged 60 years or older
(i.e., the exact opposite of the associations between TSH
levels and age in this area) as one would expect. However,
despite the lack of a positive or negative association between
TSH levels and age in the historical iodine sufficient area,
FT4 levels were positively associated with age in the elderly
in this population. It has been previously hypothesized that
there is a change of the pituitary TSH set point in the elderly
and higher FT4 levels do not cause the same TSH suppression
as in younger individuals (4,5). Possible mechanisms for this
are an altered pituitary sensitivity for thyroid hormones, a
decrease in TSH bioactivity and/or a decreased responsive-
ness of the thyroid gland to TSH in the elderly. The studies of
Bremner et al. (4) and Waring et al. (5) showed in iodine-
sufficient populations an increase of TSH with age without
decrease or even a small increase of FT4 levels with age in
elderly.

The fact that elderly have on average higher TSH values
in these two study populations and in several other iodine-
sufficient populations is one of the reasons why it has been
suggested to increase the upper reference limit of TSH level
in the elderly (4–8). However, the present study and other
studies reporting a lower average TSH in the elderly in cur-
rent or historical iodine-insufficient populations raise the
question whether, besides age and race/ethnicity, the present
and historical iodine status of a population should be taken
into account when establishing the reference limits of TSH
and FT4 (9–12). Guan et al. (27) compared three areas with
different levels of iodine intake and showed that the average
TSH level and the 2.5th and 97.5th percentiles were lowest in
the iodine-deficient area and highest in the population with
iodine excess, even in a rigorously selected reference popu-
lation after exclusion of subjects with thyroid disease, thyroid
antibodies, thyroid nodules/goiter, or a family history of
thyroid disease.

In our study, there was a striking negative association
between TSH and age and the concordant positive association
between FT4 and age in the young subjects (aged 35 years and
younger). In particular the negative association between TSH
and age was a consistent finding in all the laboratories. Most
population-based studies include adults only, so little is
known about the relationship between thyroid function and
age in children and teenagers. The population study of Guan
et al. (27) shows similar results: the mean TSH level in the
youngest age group (14–19 years old) was approximately 20–
30% higher than those in other age groups, even after ex-
clusion of subjects with thyroid disease, thyroid antibodies,
thyroid nodules/goiter, or a family history of thyroid disease.
Further studies, preferably performed in an iodine-sufficient
population and after exclusion of subjects with thyroid dis-

ease and risk factors for thyroid disease, are needed to con-
firm these interesting findings.

A limitation of our study is the fact that we had no data on
medical history of thyroid disease or thyroid autoimmunity of
the participating subjects. In order to address this problem,
we included only the subjects in whom a screening package
of several laboratory measurements was performed and as-
sumed that these subjects were less likely to have a known
thyroid disease. Subjects taking thyroid medication more
likely would have their thyroid hormones level monitored
periodically by measuring TSH (and/or FT4) levels only. The
results of the laboratory of Nijmegen, that offered a standard
package, including a glucose level, erythrocyte sedimenta-
tion rate, hemoglobin level and TSH, to general practitioners
to screen for some common causes of fatigue in patients, were
similar to the results of the other laboratories in the historical
iodine deficient area. Moreover, they were also similar to the
results of these laboratories when subjects in whom only TSH
and/or FT4 levels were measured were not excluded (data not
shown). Because of the large number of measurements, the
effect of the few subjects with thyroid disease who might
have been undesirably included despite our selection of
combined measurements of glucose, hemoglobin, and TSH is
probably negligible.

In conclusion, this study shows that there are differences in
the relation between thyroid function and age between pop-
ulations with differences in iodine intake in the past, despite
an adequate iodine status at present. The negative association
between TSH and age in the elderly is only present in areas
with a history of (mild) iodine deficiency. This raises the
question whether, in addition to age and race/ethnicity, the
present but also historical iodine status of a population should
be taken into account when establishing the reference limits
of TSH and FT4.
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