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Abstract

Objective: Thyroid autoantibodies (TA) and thyroid ultrasonography are widely used in the diagnosis
of autoimmune thyroid disease (AITD). However, we know little of the significance of having ultraso-
nographic abnormalities (USabn) without having any other signs of AITD. In a previous population-
based study of 105 young patients with type 1 diabetes (T1DM) we found a high prevalence (42%) of
USabn. In the present study we evaluate the development of both USabn and TA in a 3-year follow-up
of this cohort.
Design: Of the 105 previously investigated children and adolescents with T1DM (aged 5–21 years),
101 were re-examined. Serum concentrations of tri-iodothyronine (T3), thyroxine (T4), TSH, thyroid
peroxidase antibodies (TPOab) and thyroglobulin antibodies (Tgab), as well as thyroid size and mor-
phology were determined in all patients.
Results: During the 3 years follow-up period, the prevalence of thyroid dysfunction increased from
5 to 8%, the prevalence of TPOab was unchanged at 13%, while the prevalence of Tgab decreased
from 14 to 7%. The prevalence of USabn increased from 42 to 49%. Most patients presented
USabn at both examinations. Patients with USabn had a higher prevalence of TA than those without
USabn ðP ¼ 0:038Þ and higher serum levels of TSH ðP ¼ 0:027Þ: All patients with thyroid dysfunc-
tion presented with USabn. However, many patients with USabn had no other signs of AITD.
Conclusions: A high prevalence of thyroid dysfunction, TA and thyroid USabn were found in young
patients with T1DM. Thyroid USabn was a sensitive but non-specific marker of AITD and is therefore
unsuitable for screening purposes. Instead, we recommend regular screening using serum TSH in the
follow-up of young diabetic patients.
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Introduction

The association between type 1 diabetes (T1DM) and
autoimmune thyroid disease (AITD) is well established.
In many diabetic patients AITD is subclinical and only
detected by routine measurements of thyroid autoanti-
bodies (TA) or serum thyrotrophin (s-TSH). The preva-
lence of TA and thyroid dysfunction increases with age
and with duration of diabetes. In children with T1DM
cross-sectional studies have shown prevalences of TA
between 10 and 22% (1–6) with a concomitant preva-
lence of thyroid dysfunction of around 3 –7% (1, 2, 4,
7). In adults with longstanding T1DM 27–44% of
the patients have TA (8, 9), while 23–25% (9, 10)
have developed thyroid dysfunction (sub- or clinical
hypo- or hyperthyroidism).

In a previous population-based, cross-sectional study
we investigated children and adolescents with T1DM
describing both TA and thyroid ultrasonography (US)

as markers of AITD (11). The prevalence of TA was
16% and clinical or subclinical thyroid dysfunction
was found in 5% of these patients. Additionally, we
observed a remarkably high prevalence (42%) of US
abnormalities (USabn), these being predominantly thyr-
oid hypoechogenicity compatible with AITD (12 –14).
This finding suggests that in those patients subclinical
AITD might be even more common than indicated by
the prevalence of TA alone.

Longitudinal studies are needed to clarify the import-
ance of having TA and USabn. Studies in non-diabetics
indicate that the risk of developing thyroid dysfunction
over time is significantly increased in patients with TA
(15) and in patients presenting with thyroid hypoecho-
genicity (14). In patients with T1DM there are limited
data describing the occurrence of TA and the develop-
ment of thyroid dysfunction in a prospective design
(3, 6). To our knowledge there are no studies describing
the development of thyroid US findings over time.
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The aim of the present study was to investigate the
various markers of AITD in young patients with T1DM
in a prospective design. The development of thyroid
dysfunction, TA and thyroid USabn was evaluated
during a 3-year follow-up of the previously investi-
gated cohort.

Subjects and methods

Subjects

In 1997 we performed a cross-sectional study of thyroid
autoimmunity in 91% of all young patients with T1DM
living in the county of Funen, Denmark (11). A total of
105 diabetics and 105 matched controls, all under 18
years old, were investigated. Three years later, all of the
diabetics were offered a follow-up; the re-investigation
was performed in 101 (96%) of them (four patients
did not want to participate). Among the re-investigated
patients, 96 were still living in the county of Funen,
four had moved to other parts of Denmark, and one
patient was living in the USA but was investigated
when she visited Denmark. The patients, 47 girls and
54 boys, had a median age of 15.6 years (range 5.1 –
21.1) and a median duration of diabetes of 7.7 years
(range 3.2 –16.3). Two patients received anticonvulsive
treatment, three patients received angiotensin convert-
ing enzyme inhibitors because of microalbuminuria,
and 11 girls were taking oral contraceptives.

As in the initial investigation (11) all diabetics under-
went a physical examination (weight, height, pubertal
and goitre status) and a US of the thyroid gland by
which the thyroid volume (TV) and morphology were
determined. Both the clinical and the US examinations
were performed by the same investigators as in the
primary study. Venous blood samples were taken in
order to determine s-TSH, thyroid hormones, thyroid
peroxidase antibodies (TPOab), thyroglobulin anti-
bodies (Tgab) and glycosylated haemoglobin (HbA1c).

All patients and their parents gave informed consent,
and the study was approved by the local ethical com-
mittee (case number 20000047). The study was in
accordance with the Helsinki Declaration.

Thyroid US

TV was calculated on the basis of a US scanning pro-
cedure employing a 5.5 MHz compound scanner (type
1846, Brüel & Kjær, Naerum, Denmark) as described
previously (16). Two of the authors (F N B and L H)
performed all the US investigations without knowledge
of the previous US findings. The intra-observer varia-
tion using this accurate cross-sectional method, i.e.
the coefficient of variation on double determinations,
has been assessed previously (17) and was recorded
as 6.6% (F N B) and 5.1% (L H), the interobserver
variation was 5.0%. In the initial study the echo
pattern was investigated with a real-time 7 MHz linear

array transducer (type 8534, Brüel & Kjær, Naerum,
Denmark). At the follow-up the echo pattern was
investigated using a LOGIQ 500 US scanner (GE Medi-
cal Systems, Milwaukee, Wisconsin, USA) with a
12 MHz linear transducer (type 739L). In the present,
as well as in the previous setting, the gain was adjusted
to produce an echo-free appearance of the lumen of the
internal jugular veins, carotid arteries and neckstrap
muscles. In both settings a normal thyroid gland has
a medium grey scale homogeneous echo pattern and
the level of echogenicity is higher than that of the sur-
rounding muscles. The echo pattern was investigated
using both transducers for the first 30 patients to
calibrate the appearance on the two TV monitors
and thus to ensure concordant assessments of the
morphology. The different echo patterns observed by
US were divided into five groups: (I) normal thyroid
gland, (II) mild to moderate diffuse hypoechogenicity,
(III) marked diffuse hypoechogenicity, (IV) non-homo-
geneous hypoechogenicity, and (V) uni- or multinodu-
larity.

Biochemical measurements

Serum thyroxine (T4) (normal range 67–134 nmol/l)
and serum tri-iodothyronine (T3) (normal range
1.35–2.33 nmol/l) was analysed by the fluoroimmu-
noassay, Auto Delfia (Wallac Oy, Turku, Finland).
s-TSH (normal range 0.3 –4.0 arbitrary units/litre
(AU/l)) was determined by Auto Delfia. Serum TPOab
(normal range ,60 U/ml) and serum Tgab (normal
range ,60 U/ml) were determined by RIA (Brahms
Diagnostica GmbH, Berlin, Germany). HbA1c (normal
range 4.3 –6.3%) was determined by HPLC.

Subclinical hypothyroidism was defined as an elev-
ated s-TSH level (.4.0 AU/l) together with normal
serum thyroid hormone levels. Overt hypothyroidism
was defined as an elevated s-TSH together with a
decreased serum thyroid hormone level. Subclinical
hyperthyroidism was defined as a decreased s-TSH
(,0.3 AU/l) together with normal thyroid hormone
levels. Overt hyperthyroidism was defined as a decreased
s-TSH together with elevated thyroid hormone levels.

Statistics

The results are presented as medians with ranges and
as proportions with 95% confidence intervals (CI).
Since data were not normally distributed, non-
parametric tests were used in the statistical analyses.
For the comparison of paired data, Wilcoxon signed
rank sum test and McNemar’s tests were used and
for the comparison of unpaired data, Wilcoxon,
Mann–Whitney and Fisher’s exact tests were used.
The relationship between TV and other variables was
studied by multiple linear regression-analysis. P
values of less than 0.05 were considered significant.
The STATA statistical package (Intercooled STATA
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7.0, STATA CORP, College Station, TX, USA) was used
for the data analyses.

Results

Clinical and biochemical characteristics from the 101
diabetics who participated in both the initial and the
3-year follow-up study are presented in Table 1.

Thyroid dysfunction

In the initial study, five patients (5.0%) had thyroid dys-
function (two with overt hypothyroidism and three
with subclinical hypothyroidism). At follow-up an
additional three patients had developed thyroid dys-
function (one with overt hypothyroidism and two
with subclinical hypothyroidism), giving an overall
thyroid dysfunction prevalence of 7.9% (CI95%: 3.5 –
15.0%). Only one of them had presented symptoms of
hypothyroidism before diagnosis. As a group they did
not differ significantly to the remaining diabetics with
respect to their age, duration of diabetes, age at diabetes
onset or metabolic control (Table 2). TPOab were pre-
sent in four patients, Tgab in three and all had US
hypoechogenicity compatible with autoimmune thyroid
disease.

Thyroid antibodies

Among the 17 patients with TA at the initial investi-
gation, antibodies were still present in 13 patients at
follow-up. The 13 patients with TPOab at the initial
investigation remained positive during follow-up. In
most patients the TPO antibody concentration had
increased during this period, but in a few it had
decreased (Fig. 1). Among 14 patients with Tgab at
the initial investigation only seven had Tgab at
follow-up. These seven patients were all TPOab positive.
None of the initially thyroid antibody-negative patients
developed TA during the three-year follow-up. Thus,

the overall prevalence of TA was 12.9% (CI95%: 7.0 –
21.0%). There was no significant difference between
the prevalence of TA in males (9.3%) and females
(17.0%) ðP ¼ 0:372Þ: In patients with thyroid dysfunc-
tion four of the eight (50%) had TPOab and three of the
eight (38%) had Tgab.

Comparing the groups of patients with and without
TA, the patients with TA had significantly higher s-TSH
levels ðP ¼ 0:003Þ; while there was no significant
difference when comparing T4, T3, TV, HbA1c, age, dur-
ation of diabetes or age at diabetes onset (Table 3).

Thyroid ultrasonography

Thyroid US demonstrated a median TV of 10.7 ml
(range 3.3–34.5) at follow-up, compared with 8.7 ml
(range 1.5–23.2) at the primary investigation ðP ,
0:001Þ (Table 1). TV correlated significantly with sev-
eral variables (age, height, weight, BMI, duration of dia-
betes, age at diabetes onset and T3). However, following
multiple linear regression analysis, TV was significantly
correlated only with age and weight.

The prevalence of the different morphology patterns
found by thyroid US is presented in Table 4 together
with the results from the initial investigation. We
found that 48.5% of diabetics had some kind of US
abnormality at follow-up compared with 41.6% of
diabetics and 10.0% of healthy controls at the initial
investigation. Thirty-three patients had USabn at
both examinations. Sixteen patients with an initially
normal thyroid morphology pattern had developed
USabn at the follow-up, whereas nine patients with
USabn at the first examination had a normal US at
follow-up. Most patients with USabn at both exami-
nations showed some degree of hypoechogenicity, but
in many patients the degree (mild to marked hypo-
echogenicity) as well as the pattern (diffuse or non-
homogeneous hypoechogenicity) changed between
the two examinations. The frequency of USabn was
significantly higher in patients with TA (76.9%) than

Table 1 Clinical characteristics, biochemical measurements and thyroid ultrasonographic findings at the initial investigation and at
follow-up. Results presented as medians and ranges, or as frequencies.

Initial investigation Follow-up P value*
(n = 101) (n = 101)

Age (years) 12.7 (2.0–18.2) 15.6 (5.1–21.1) –
Height (cm) 155.0 (85.0–193.0) 165.5 (105.0–193.0) ,0.001
Weight (kg) 47.0 (11.0–86.0) 61.4 (17.1–97.0) ,0.001
BMI (kg/m2) 19.2 (14.5–29.8) 21.5 (14.9–31.5) ,0.001
HbA1c (%) 8.0 (5.6–15.1) 8.8 (5.4–16.3) ,0.001
TSH (AU/I) 1.51 (0.59–6.18) 1.53 (0.38–61.6) NS
Thyroid dysfunction (%) 5.0 (5/101) 7.9 (8/101) NS
TPOab (%) 12.9 (13/101) 12.9 (13/101) NS
Tgab (%) 13.9 (14/101) 7.0 (7/101) 0.016
Thyroid volume (ml) 8.7 (1.5–23.2) 10.7 (3.3–34.5) 0.002
US abnormalities (%) 41.6 (42 /101) 48.5 (49/101) NS

* Wilcoxon or McNemar’s test. NS, not significant.
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in patients without TA (44.3%) ðP ¼ 0:038Þ (Table 3).
All patients with subclinical or overt hypothyroidism
showed US hypoechogenicity. The group of patients
with USabn had a significantly higher TSH compared
with patients without USabn ðP ¼ 0:027Þ (Table 5),
while there was no significant difference in the levels
of T4 and T3. There was no difference between the
two groups regarding their age, duration of diabetes,
age at diabetes onset, HbA1c or TV (Table 5). The
frequency of USabn was significantly higher in females
(68%) than in males (31%) ðP , 0:001Þ:

Discussion

During a 3-year follow-up of young patients with T1DM
we found an increase in the prevalence of subclinical
and overt hypothyroidism from 5 to 8%. Cross-sectional
studies in childhood diabetes have demonstrated preva-
lences of thyroid dysfunction between 3 and 7% (1, 2,
4, 7). Those studies also included children with hyper-
thyroidism, which was not found in our patients. We
expect that the prevalence of thyroid dysfunction in
our patients will increase further during the following
years and possibly reach the level reported for adult
T1DM of 23–25% (9, 10). The question arises of
whether it is possible to predict which patients are at
an increased risk of developing thyroid dysfunction.
TA are known markers of subsequent thyroid dysfunc-
tion (15, 18). In the present study the prevalence of
TPOab was 13%, which remained unaltered during
the 3 years of follow-up. It could be speculated that
those patients presenting TPOab at both examinations
have a higher risk of developing thyroid dysfunction
than those who did not. Consistent with this, four of
them had developed subclinical or clinical hypothyroid-
ism. The presence of Tgab seems a less reliable marker
of subsequent thyroid dysfunction since these anti-
bodies were only found in 7% of patients, and in
seven out of 14 they disappeared by the time of
follow-up. This is in agreement with previous studies
indicating that Tgab measurements do not contribute
to the diagnostic information in AITD (19–21).

The prevalence of TA in our study was 13% com-
pared with prevalences of 10–22% in previous studies
of children and adolescents with T1DM (1, 4–6). How-
ever, in our young patients with a relatively short
duration of diabetes, we expect an increasing preva-
lence of TPOab with time as demonstrated by others
(5, 8).

Table 2 Clinical characteristics and biochemical measurements in patients with clinical or subclinical hypothyroidism. Data from both
the initial investigation in 1997 and the follow-up investigation in 2000 are presented.

Patient Sex

Age at
diagnosis

(years) TSH (AU/I) TPOab (U/ml) Tgab (U/ml)

US
(morphology

group)

TIDM AITD 1997 2000 1997 2000 1997 2000 1997 2000

1 F 0.7 5.0 3.0 4.3 385 1521 neg neg II II
2 F 1.0 4.7 3.3 61.6 89 181 77 77 I III
3 F 1.9 7.9 4.5 * 194 .3000 .2000 62 II III
4 F 3.4 18.4 1.7 4.8 neg neg neg neg II II
5 F 6.4 12.3 * * neg neg neg neg IV II
6 M 10.5 13.0 6.2 4.1 neg neg 290 neg II II
7 M 10.6 12.0 * * .3000 .3000 .2000 .2000 II IV
8 F 11.0 16.4 4.7 * neg neg neg neg I IV

* Patients treated with levothyroxine, two of them diagnosed with AITD prior to this study. Morphology groups: I, normal thyroid gland; II, mild to moderate
diffuse hypoechogenicity; III, marked hypoechogenicity; IV, non-homogenous hypoechogenicity. neg, negative.

Figure 1 The change in thyroid antibody concentrations during
the 3 years between the initial investigation and follow-up. Broken
line, patients with a decrease in antibody concentration; unbroken
line, patients with an increase in antibody concentration.
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Thyroid US is often used in the diagnosis of AITD. In
patients with T1DM, the data on US findings are sparse
(2, 3, 6) and no prospective investigation of such
patients has to our knowledge been previously
reported. Repeating the US examination after 3 years,
we found a significant increase in TV, related to and
most likely explained by the higher age and weight of
our patients at the follow-up examination. Comparing
our data with volume data from an extensive investi-
gation of healthy European children and adolescents
(22), the TV in the different age groups seems to be
higher in diabetic children. However, this may well be
explained by differences in urinary iodine excretion,
being borderline in our area (23). As demonstrated in
Table 3, there was no difference in TV in patients
with or without TA, nor was there any difference in
TV in patients with or without USabn (Table 5).
Thus, TV measurements are of little use in the predic-
tion of AITD.

Employing thyroid US, several studies in non-
diabetics have demonstrated a high prevalence of
both diffuse and non-homogenous hypoechogenicity
in patients with AITD (12 –14). In our initial study
we demonstrated a significantly higher prevalence of
USabn in patients with T1DM compared with healthy
controls (11). Three years later we found the same
high prevalence of USabn in the diabetics, with 44 of
101 demonstrating varying degrees of thyroid hypo-
echogenicity, and five of 101 patients presenting uni-
or multinodularity. In many patients the morphology

pattern had changed in between the two investigations.
In 28 of 44 patients with thyroid hypoechogenicity this
was also found at the initial investigation. In some
patients the degree and pattern of hypoechogenicity
varied between the two investigations. Thyroid hypo-
echogenicity correlates well with lymphocytic infiltra-
tion of the thyroid gland (24), and fluctuations over
time in lymphocytic infiltration might explain the
variations in hypoechogenicity seen in our patients.
In 16 patients with an initially normal thyroid gland,
thyroid hypoechogenicity had developed by the time
of follow-up. Most of these patients had only a short
duration of diabetes at the initial examination (less
than 2–3 years) and, since AITD most often develops
some years after the onset of T1DM, this might explain
why the thyroid hypoechogenicity first appeared at
follow-up. The disappearance of the USabn, as demon-
strated in nine patients, is harder to explain. Most of
those patients showed non-homogeneous hypoecho-
genicity at the first investigation; a few had discrete,
diffuse hypoechogenicity. Only one of them had
TPOab (in low concentrations) and all were euthyroid
at both investigations. In those patients, the hypoecho-
genicity found at the first US examination seems to be
unspecific and was most likely explained by a high
degree of observer variation and not related to thyroid
autoimmunity.

To some extent thyroid hypoechogenicity and other
AITD markers are related: (i) patients with USabn had
a higher prevalence of TPOab than patients without

Table 3 Clinical characteristics and biochemical measurements in patients with and without TPOab at the 3-year follow-up
investigation. Results presented as medians and ranges, or as a frequency with 95% confidence intervals.

2TPOab +TPOab
P value*(n = 88) (n = 13)

Age (years) 15.2 (5.1–21.2) 17.1 (5.1–21.1) NS
Sex (M/F) 49/39 5/8 NS
Duration of diabetes (years) 7.4 (3.2–16.3) 8.7 (3.3–13.4) NS
Age at diabetes onset (years) 6.5 (1.3–16.6) 7.3 (0.7–16.5) NS
HbA1c (%) 8.8 (5.4–16.3) 8.7 (7.3–15.5) NS
TSH (AU/l) 1.4 (0.4–4.8) 2.3 (1.1–61.6) 0.003
T4 (nmol/l) 110 (75–213) 95 (9–135) NS
T3 (nmol/l) 2.2 (1.5–3.3) 2.1 (1.6–3.1) NS
US abnormalities (%) 44.3 (33.7–55.3) 76.9 (46.2–95.0) 0.038
Thyroid volume (ml) 10.8 (3.3–34.5) 10.6 (3.9–23.7) NS

* Mann–Whitney test or Fisher’s exact test. NS, not significant.

Table 4 The prevalence of the different morphological patterns found at thyroid ultrasonography both at the initial investigation
(diabetics and controls) and at follow-up 3 years later.

Initial investigation
Follow-up

Controls Diabetics Diabetics
(n = 101) (n = 101) (n = 101)

Normal thyroid gland (%) 90.1 58.4 51.5
Mild–moderate, diffuse hypoechogenicity (%) 3.0 22.8 32.7
Marked, diffuse hypoechogenicity (%) 1.0 4.0 3.0
Non-homogenous hypoechogenicity (%) 3.0 12.9 7.9
Uni- or multinodularity (%) 3.0 2.0 5.0
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USabn, (ii) in patients with USabn the serum TSH levels
were higher than in patients without Usabn, and (iii) all
patients with thyroid dysfunction presented some kind
of hypoechogenicity. However, the prevalence of thyroid
hypoechogenicity was much higher than the reported
prevalence of thyroid dysfunction in adulthood,
suggesting that the method is not sufficiently specific
as a risk marker of subsequent thyroid dysfunction.
Alternatively, it could indicate that there are patients
with asymptomatic thyroid autoimmunity existing for
years without progressing to thyroid dysfunction. This
could possibly have been substantiated by fine-needle
aspiration biopsy, which was not performed for ethical
reasons.

In conclusion, a high risk of developing AITD with
thyroid dysfunction in young patients with T1DM may
legitimate annual screening of s-TSH. Thyroid US
seems to be a sensitive but non-specific method of AITD
detection that is not suitable for screening purposes.
The use of TA as a screening parameter is also unsuitable
since the autoantibodies may persist for many years
in the euthyroid patient before causing thyroid
dysfunction.
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