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Ultrasonography (US) may demonstrate a diffuse reduction in thyroid echogenicity (low-amplitude echoes) in
autoimmune thyroid disease (AITD), which includes chronic lymphocytic thyroiditis and Graves' disease, as
well as in subacute thyroiditis. The reported occurrence of this finding in AITD varies from 19% to 95%. To as-
sess the validity of diffuse reduction in thyroid echogenicity as a predictor of AITD, 3,077 patients referred for
US of the thyroid were examined prospectively with regard to reduced versus normal thyroid echogenicity.
The most frequent reasons for referral were goiter, thyroid dysfunction, neck discomfort, and /or difficulty in
swallowing. Ultrasonography demonstrated diffuse reduction in thyroid echogenicity in 485 patients. Of these,
452 patients had available records of fine-needle aspiration biopsy (FNAB), and were included in the study.
From the remaining patients, with normal thyroid echogenicity, 100 consecutive patients were selected as con-

trols. In 411 of the 452 study patients (90.9%) there was at least one laboratory finding consistent with possi-
ble AITD: cytology indicating lymphocytic thyroiditis, 287 of 363 patients (79.1%) with diagnostic specimens;
elevated levels of peroxidase antibodies (TPOAb), 225 of 337 (66.8%); elevated thyrotropin (TSH) levels, 290 of
450 (64.4%); or low TSH levels, 79 of 450 (17.6%). The final diagnosis was: chronic autoimmune (Hashimoto's)
thyroiditis in 352 patients; Graves' disease in 47 patients; subacute (granulomatous) thyroiditis in 7 patients;
toxic nodular goiter in 3 patients; and toxic adenoma in 2 patients. In the remaining 41 patients, those without
laboratory results consistent with AITD, the final diagnosis was colloid goiter in 37 and thyroid cancer in 4 pa-
tients. In the 100 controls, laboratory results were consistent with possible AITD in 14 patients: elevated TPOAb
levels in 5 of 49 patients with retrieved antibody results; lymphocytic thyroiditis in 2 patients; elevated TSH
levels in 2 patients; and low TSH levels in 2 patients. In these controls, the final diagnosis was: chronic au-

toimmune thyroiditis in 7; toxic nodular goiter in 6 patients, and toxic adenoma in 1 patient. The correspond-
ing positive and negative predictive values of reduced thyroid echogenicity as an indicator of AITD were 399
of 452 (88.3% [95% CI, 85% to 91%]), and 93 of 100 (93.0% [95% CI, 88% to 98%]), respectively. Thus, diffuse
reduction in thyroid echogenicity was a valid predictor of AITD.

Introduction both believed to be manifestations of chronic autoimmune
thyroiditis (2).

There are two major forms of autoimmune thyroid dis- When ATTD is associated with symptoms of thyroid dys-
ease (AITD), chronic autoimmune thyroiditis, and function, the diagnosis is easily made by the measurement of

Graves' disease (1,2). Differentiation between the two is thyrotropin (TSH), thyroid hormone levels, and thyroid anti-
sometimes difficult and transition from one to the other may bodies, and when necessary, an isotope examination. How-
also occur (1). Chronic autoimmune thyroiditis has two clin- ever, symptoms may be lacking or nonspecific, especially in
ical forms: a goitrous form often referred to as Hashimoto's the elderly,where theymay be attributed to other chronic med-
disease and an atrophie form called atrophie thyroiditis. Both ical illnesses, medication, or other factors common to this age
forms are characterized by the presence of lymphocytic thy- group (3). The diagnosis of ATTDmay also be overlooked when
roiditis, thyroid autoantibodies in serum, and varying de- thyroid autoantibodies are negative (4), or have been omitted
grees of thyroid dysfunction (2). Silent (or painless) thy- from the diagnostic work-up because the results of thyroid
roiditis and postpartum thyroiditis are transient disorders, function tests and palpation has made AITD seem less likely.
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Ultrasonography (US), which has proven valuable in clar-
ifying number and size of thyroid nodules (5-8), may also
be of value in the diagnosis of AITD due to a diffuse reduc-
tion in thyroid echogenicity (echo-intensity) often associated
with this disorder (9-17). The reduction in reflectivity, how-
ever, is not specific of AITD but may also be observed in sub-
acute (granulomatous or de Quervain's) thyroiditis, believed
to be nonautoimmune in origin (18,19). Most of the earlier
studies concerning the diagnostic value of US in patients
with AITD, have been conducted in selected patients with a

confirmed diagnosis of chronic autoimmune thyroiditis or

Graves' disease. The results however, vary considerably, the
diagnostic sensitivities ranging from 19% to 95% (4,12,14,16).
Because the diagnosis may be unsuspected at the time of US,
a method of establishing the diagnosis sonographically
would be of great benefit (20). However, this would require
more knowledge of the validity of reduced thyroid
echogenicity as a predictor of AITD (11), especially in pa-
tients referred with few, if any, clinical findings specifically
indicating thyroid disease.
The aim of the present study was: (1) to examine all pa-

tients referred for US examination of the thyroid with regard
to presence of reduced thyroid echogenicity, to determine
whether this US finding might be useful as a predictor of au-
toimmune thyroid disease, using clinical, cytological, im-
munological, and biochemical test results for diagnostic ver-
ification and (2) to compare these results with those of a
selected control group, ie, patients with an abnormal echo
texture but with normal thyroid echogenicity.

Methods

Study population
From January 1990 to June 1994, a total of 3,077 patients

were referred for thyroid US due to goiter, thyroid dysfunc-
tion, neck discomfort, and/or dysphagia. All patients were ex-
amined prospectively with regard to US findings reported as
consistent with ATTD. These findings consisted of: (1) bilat-
eral diffuse reduction in thyroid echogenicity (low-amplitude
echoes) with or without loss of normal grainy or cobblestone
echo pattern (Fig. 1); (2) thin echogenic septa traversing the
thyroid tissue, sometimes giving a thyroid a lobulated ap-
pearance. Of these, only criterion (1) was obligatory.
Using these criteria, US findings were indicative of possi-

ble ATTD in 485 patients. Thirty-three patients were excluded
because fine-needle aspiration biopsy (FNAB) had not been
performed (patients with "unsatisfactory" cytology speci-
men were not excluded), or because the results of both thy-
roid antibodies (microsomal/peroxidase) and TSH were not
available. Of the remaining 452 patients who were eligible
for the study, 408 were women, mean age 49 years (range
13-85 years) and 44 were men, mean age 47 years (range
14-84 years). The most frequent causes for referral to US in
these patients were: (1) diffuse goiter (37.0%); (2) pain in the
cervical region or difficulties in swallowing (no goiter)
(29.0%); and (3) asymmetric goiter, possible nodule (26.0%).
The majority, 338 of the 452 patients, were referred by prac-
titioners (320 general practitioners and 18 specialists), while
the rest, 114 patients, were referred from the outpatient clin-
ics of various hospital departments (51 medical department,
40 surgical department, 23 other departments).

Control patients
In the remaining 2,592 patients, with no ultrasonographic

indication of AITD, that is, all those having thyroids with
normal echogenicity (normal amplitude echoes), the echo
pattern or texture was irregular (nodular and/or degener-
ate) in 2,312 patients and normal (regular, grainy) (Fig. 1A)
in 280 patients. In the latter group, the thyroid was diffusely
enlarged in 70 patients, and of normal size in 210 patients.
Ultrasound-guided FNAB was performed on the 1,167 of the
2,312 patients who showed a nodular echo pattern, of which
1,040 (89.1%) had satisfactory cytology specimens. From
these patients, all having normal thyroid echogenicity but a
nodular echo pattern, 100 were selected consecutively as con-
trols. The selection was performed by one observer (O.M.P.),
who studied hard copies of US images without knowledge
of clinical or laboratory data. Patients with solitary or dom-
inating nodules/cysts typical of nodular goiter were not in-
cluded. This was done because 50 blindly selected controls
were to be used in a subsequent assessment of interobserver
agreement on US findings consistent with AITD versus find-
ings indicating thyroid disease of nonautoimmune origin.
Patients without available TSH results were also not in-
cluded. Missing peroxidase antibodies (TPOAb) results,
however, did not lead to exclusion due to the concern of in-
troducing a selection bias, which might result in an over-

weight of control patients in whom autoimmune thyroid dis-
ease had been suspected on clinical grounds. The control
group (n = 100) thus consisted of 94 women, mean age 58
years (range 18 to 86 years) and 6 men, mean age 56 years
(range 42 to 67 years), all having normal thyroid echogenic-
ity and focal irregularities of the echo pattern.

Ultrasonography
All US examinations and the subsequent US-guided fine-

needle aspiration biopsy (FNAB) were performed by the
same examiner (O.M.P.), using linear-array sonographic
scanners (SAL-50A with 5-MHZ transducer and SSA-270HG
with 7.5-MHz transducer), (Toshiba, Nasu, Japan). The gain
settings of the US scanner were adjusted so that the lumina
of the carotid artery and internal jugular vein were free of
echoes, and the surrounding strap muscles would appear
echo-weak in comparison to the echo-strong, bright gray of
normal thyroid tissue (Fig. 1A) (4,12,13,16).
Thyroid echogenicity, whether normal or reduced, was es-

tablished by comparing the brightness of the echoes from the
thyroid with those from the surrounding neck muscles and
connective tissue. While echoes coming from normal thyroid
tissue have a brightness similar to that of connective tissue,
thyroid tissue in patients with AITD produce echoes of less
brightness, more similar to that of the neck muscles (Fig. 1A
and IB). The echogenicity was considered reduced only
when the reduction was diffuse, affecting the thyroid as a

whole, as opposed to focal reductions, which can frequently
be present in patients with areas of cystic degeneration.
Evaluation of the thyroid echogenicity (normal or reduced

echo intensity), and the spatial distribution of echoes (echo
pattern or texture) was performed at the beginning of each
thyroid examination, before the operator had read detailed
patient information. Reduced thyroid echogenicity, indicat-
ing possible AITD, was graded from I to III. Mild reduction
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FIG. 1. Transverse scan of the throid gland made by ultrasonography. A: normal thyroid echogenicity in patientwith min-
imally enlarged diffuse colloid goiter. B: Enlarged thyroid with marked reduction in thyroid echogenicity (echo-intensity)
consistent with autoimmune thyroid disease. The thyroid echo pattern has become similar to that of surrounding strap mus-
cles. Arrows indicate thyroid surface: M, muscles; T, thyroid parenchyma; C, common carotid artery; TR, trachea/ultra-
sonic shadow; VC, vertebral column.

(grade I) was characterized by slightly reduced echogenicity
associated with a normal grainy echo texture. Marked re-
duction (grade III) was characterized by extensive diffuse re-

duction in thyroid echogenicity that sometimes reached lev-
els below that of echoes coming from muscle. Due to an

additional replacement of the normal grainy echo pattern by
a more homogenous pattern, the thyroid appeared similar
to surrounding strap muscles (Fig. IB). Changes in echo pat-
tern intermediate to grades I and III were classified as mod-
erate (grade II) reduction in thyroid echogenicity. Thyroid
size, as compared to that of a normal thyroid gland, was di-
vided into four classes: (1) normal or small; (2) slightly en-

larged; (3) moderately enlarged; and (4) large. Both thyroid
echogenicity and thyroid size were determined from hard
copies of US images by one observer (O.M.P.), again with-
out knowledge of clinical or laboratory data.

An evaluation of interobserver agreement on the US find-
ings indicative of autoimmune thyroid disease was carried
out to assess possible bias in interpreting the US images.
Hard copies of US images from 50 patients, selected at ran-
dom from all of the 452 study patients, and 50 patients se-

lected at random from all of the 100 controls, were examined
independently by two observers (O.M.P. and T.B.L.), who
had no knowledge of clinical or laboratory data.

FNAB

US-guided FNAB, performed as part of the daily routine
in patientswith nodular thyroid disease and/or reduced thy-
roid echogenicity, was done by free-hand approach without
a fixed guidance system. Mostly, three to six passes were
made from each target area. No complications were ob-
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served. The aspirated material was flushed onto a slide,
smeared as for peripheral blood film, and fixed immediately
with cytospray (Asset Fix, Asset Trading Co, Espergerde,
Denmark). One part of the material was stained with a mod-
ified Papanicolaou stain, while the other part was air-dried
and stained with May-Grünewald-Giemsa. A cytologie di-
agnosis of chronic lymphocytic thyroiditis was based on the
presence of a combination of lymphocytes, plasma cells and
lymphoid follicle center cells in association with thyroid fol-
licular cells, some or all of which showed oxyphil change
(Askanazy cells, oncocytes) (21).
To avoid interobserver bias in the interpretation by the au-

thors of those cytology reports that described equivocal find-
ings, all cytology reports were categorized by a cytopathol-
ogist (N.P.A.) as: (1) chronic lymphocytic thyroiditis; (2)
lesion other than lymphocytic thyroiditis; or (3) nonsatisfac-
tory specimen. In the current study the term "lymphocytic
thyroiditis" refers to the cytologie diagnosis.

Immunological and biochemical tests
The results from measurements of serum levels of thyroid

antibodies, TSH, and thyroid hormones were collected from
medical records after all the US examinations had been per-
formed. To detect AITD patients with transient changes in
the immunological or biochemical function of the thyroid,
we also included laboratory data obtained during the 5 years
preceding the 4.5-year US study period.

Before September 1992, TPOAb and antithyroglobulin an-
tibodies (TgAb) were detected by passive hemagglutination
in 215 study patients and all controls, using a commercial kit
(Murex Diagnostics Ltd, Dartford, UK). TPOAb titers were

reported as normal below 1:100 and TgAb at titers below
1:10. Since September 1992, TPOAb and TgAb were mea-

sured by solid phase enzyme immunoassay (enzyme-linked
immunosorbent assay [ELISA]) in the remaining 122 study
patients, using commercial kits (DPC-Bierman GmbH, Bad
Nauheim, Germany). Values below 100 IU/mL were con-
sidered normal. Although the serum was tested with regard
to both TPOAb and TgAb, elevated levels of TgAb alone
were not used independently for the diagnosis of AITD. Low
titers of TgAb, in the presence of normal titers of TPOAb,
were detected in five study patients.
TSH was measured by time-resolved fluoroimmunoassay

using a commercial test kit (Wallac Oy, Turku, Finland). The
reference range was 0.3 to 5.0mU/L. TSH below 0.05 mU/L,
was regarded as suppressed. Total thyroxine (TT4), free thy-
roxine (FT4), and triiodothyronine (T3) were measured by
solid phase time-resolved fluoroimmunoassay using com-

mercial kits (Wallac Oy). The reference range for TT4 was 60
to 150 nM, for FT4 11.0 to 22.0 pM, and for T3 0.9 to 2.6 nM.

Diagnostic criteria of AITD

The patients were considered to have AITD when the clin-
ical and laboratory findings were consistent with Graves'
disease or autoimmune (Hashimoto's) thyroiditis (goitrous
and atrophie forms). Silent (painless) thyroiditis and post-
partum thyroiditis were regarded as clinical variants of
chronic autoimmune thyroiditis. Subacute (de Quervain's)

thyroiditis, however, was considered to be a nonautoim-
mune disease.
The diagnosis of chronic autoimmune thyroiditis was

based on cytologie results suggesting lymphocytic thyroidi-
tis in multiple aspirates, and/or the presence of circulating
thyroid autoantibodies (peroxidase). Graves' disease was de-
fined by the presence of persistent thyrotoxicosis, painless
diffuse goiter, ophthalmopathy, diffuse high radioiodine up-
take (RAIU), presence of TPOAb and/or stimulating anti-
bodies to the TSH receptor (results available in only a few
patients). Transient thyrotoxicosis due to silent (painless)
thyroiditis was differentiated from subacute (de Quervain's)
thyroiditis by the absence of anterior neck pain or tender-
ness of the thyroid, fever, or inflammatory reactions, pres-
ence of antithyroid antibodies, and persistence of the goiter.
In the absence of both elevated levels of TPOAb and cy-

tology suggesting lymphocytic thyroiditis, abnormal levels
ofTSHwas regarded to confirm the diagnosisofAITD,when
this sérologie finding could not be explained by other causes
of thyroid dysfunction. These causes were mainly the re-
moval of the gland by surgery, radiation therapy, thyrosta-
tic medication or pituitary disease in patients with hy-
pothyroidism, and in patients with hyperthyroidism,
subacute thyroiditis, toxic nodular goiter, toxic adenoma, or
T4 medication.

The terms hypothyroidism or hyperthyroidism used in the
current study refer to conditions in which TSH levels were
above or below reference range, respectively. Overt thyroid
dysfunction is defined as abnormal levels of both TSH and
T4, while subclinical dysfunction refers to a condition with
abnormal TSH levels only (22).

Calculations and statistical analysis
Samples consisting of continuous data are presented as

mean value and range. Ninety-five percent confidence in-
tervals (CIs) were calculated with the use of binomial dis-
tribution (23). Comparison ofmultiple proportions was per-
formed by the x2 test and Fisher exact test in cases of small
numbers (23). Unless otherwise specified, all test results
given as percentages relate to the number of patients with
available biochemical tests or satisfactory cytology speci-
mens.

Trend in proportions across groups was calculated by use
of x2 test for trend (23). A two-tailed p value of <0.05 was

considered statistically significant. Diagnostic sensitivity of
a test was defined as TP/(TP + FN) X 100, and diagnostic
specificity as TN)/(TN + FP) X 100. The positive predictive
value of a test was defined as TP/(TP + FP) X 100, and the
negative predictive value as TN/(TN + FN) X 100, (TP =

true-positive, FP = false-positive, TN = true-negative, and
FN = false-negative) (23).
Agreement between different observers was assessed us-

ing the K statistic, or chance-corrected proportional agree-
ment. The value of k versus strength of agreement was in-
terpreted as follows: k < 0.20 (poor), 0.21-0.40 (fair); 0.41-60
(moderate); 0.61-0.80 (good); and 0.81-1.00 (very good) (23).
Computations were performed with MSUSTAT Statistical

Analysis Package 1986 (Microcomputer version 3.2, Richard
E. Lund, PhD, Research and Development Institute Inc.,
Montana State University, Bozeman, MN).
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Results

Ultrasonography
Reduced thyroid echogenicity, the main US finding indi-

cating AITD, was graded among the 452 study patients as
follows: mild (grade I) in 24.3%;moderate (grade II) in 33.0%;
and marked (grade III) in 42.7%. The thyroid appeared sym-
metrical in 90.0% of the study patients, normal or small in
27.0%, slightly enlarged in 50.0%, and moderately enlarged
to large in 23.0%.
There was full agreement between observer I (O.M.P.) and

observer II (T.B.L.) on the ultrasonographic diagnosis of
AITD in 92.0% of 100 patients (50 study patients and 50 con-
trols). When correction was made for "by chance agree-
ment," the k was 0.84 (CI, 0.73 to 0.95).

Cytology
A characteristic of patients with reduced thyroid

echogenicity was that a satisfactory cytology specimen could
be somewhat difficult to obtain. Among the 1,167 patients
who had normal thyroid echogenicity and an irregular, de-
generate/or nodular, echo pattern, satisfactory specimens
were obtained in 1,040 (89.1%). In the study group, where
all had reduced echogenicity, a satisfactory specimen was
obtained in 363 of these 452 patients (80.3%) (p < 0.0001).
Lymphocytic thyroiditis, which was detected in 308 of the

1,040 patients with diagnostic cytologie specimens, was asso-
ciated with reduced thyroid echogenicity in 293 patients
(95.1%). Table 1 shows that in the study group, reduced thy-
roid echogenicity was associated with lymphocytic thyroidi-
tis in 79.1% (CI, 70.9% to 87.3%) of the patients, while normal
echogenicity was associated with lymphocytic thyroiditis in
2% of the controls. This table further demonstrates that the
main cytologie finding in the controls was colloid goiter (96%),
while thyroid cancer (all verified by histology) was indicated
by cytology in 2.5% of the study patients and 2% of the con-
trols. Five of the nine cancers found in the study group (all
verified by histology), were detected among the 287 patients
with diffuse lymphocytic thyroiditis according to cytology.

Thyroid antibodies

Elevated levels of TPOAb were detected in 66.8% (CI, 62%
to 72%) of the study patients with available antibody results
versus 10.2% (CI, 2% to 19%), (p < 0.0001), of the controls
(Table 1). The median TPOAb antibody titer in the five con-
trols was 1:1600 (range 1:400 to 1:6400). Table 2 shows that
there was no significant difference (NS) in the frequency of el-
evated levels of TPOAb between the study patients with cy-
tology suggesting lymphocytic thyroiditis (73.6%) and study
patients where cytology indicated colloid goiter (60.9%). The
latter frequency (60.9%), however, was clearly higher than that
found (10.2%), in the controls (p < 0.0001). Somewhat unex-
pectedly, TPOAb levels were normal in 58 of 219 patients
(26.5%) with cytology suggesting lymphocytic thyroiditis, 36
of whom (61.2%) had elevated levels of TSH (Table 3). Graves
disease was present in only 9 (15.5%) of the 58 patients.

Thyroid dysfunction
Reduced thyroid echogenicity was associated with hy-

pothyroidism (Table 1) in 64.4% (CI, 60% to 68%) of the study
patients as compared with normal echogenicity, which was

associated with this dysfunction in only 2% of the controls.
In the study group, hypothyroidism was overt in 99 (34.1%)
patients and subclinical in 191 (65.9%) patients. Subclinical
hypothyroidism was associated with elevated levels of
TPOAb in 77 of 96 patients (80.2%) with available antibody
results. The elevation of TSH levels was slight in most study
patients. Of a total of 184 patients with TSH levels below 50
mU/L, 48% had levels that did not exceed 10.0 mU/L.
The two control patientswith elevated TSH levels had sub-

clinical hypothyroidism with TSH levels between 5.0 and
10.0 mU/L.
Table 1 shows that hyperthyroidism was present in 17.6%

(CI. 14% to 21%) of the study patients in contrast to 7.0% (CI.
2% to 12%), of the controls. This dysfunction was associated
with elevated levels of TPOAb in 63 of 105 study patients
(61.2%). Hyperthyroidism was associated with lymphocytic
thyroiditis in 34 of 56 study patients (60.7%) as compared

Table 1. Laboratory Results in Study Patients with Reduced Thyroid
Echogenicity Versus Control Parents with Normal Echogenicity

Ultrasonography

Laboratory tests

Reduced thyroid echogenicity
(n = 452)
No (%)

Normal echogenicity
(n = 100)
No (%) p value

Cytology3
Lymphocytic thyroiditis
Colloid goiter
Thyroid cancerb

TPOAbc
Elevated TSH levels'1
Low TSH levels

287/363 (79.1)
72/363 (19.8)
9/363 (2.5)

225/337 (66.8)
290/450 (64.4)
79/450 (17.6)

2/100 (2.0)
96/100 (96.0)
2/100 (2.0)
5/49 (10.2)
2/100 (2.0)
7/100 (7.0)

<0.0001
<0.0001
0.93

<0.0001
<0.0001
0.013

aAll denominators refer to number of patientswith available as well as diagnostic cytologie test results.
bFive of these were found among the 287 patients with lymphocytic thyroiditis.
Thyroid peroxidase antibodies (TPOAb).
dHypothyroidism was subclinical in both controls (5.0 < TSH < 10.0 MU/L), in whom elevated levels of TPOAb was detected in one

patient and lymphocytic thyroiditis in the other.
TSH, thyrotropin.
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Table 2. Serologic Test Results Versus Cytology Findings in Study Patients with Reduced Thyroid
Echogenicity, the Main Ultrasonographic Finding Indicating Autoimmune Thyroid Disease

Cytology

Test results
Lymphocytic infiltration

No (%)
Colloid goiter

No (%) p value

TPOAb
Elevated TSH levels
Low TSH levels

162/220 (73.6%)a
215/286 (75.2%)
34/286 (11.9%)

28/46 (60.9%)
27/72 (37.5%)
21/72 (29.2%)

0.18
<0.0001
<0.001

aAll denominators refer to number of patients with available as well as diagnostic cytologie test results.
TPOAb, thyroid peroxidase antibodies; TSH, thyrotropin.

with none of the 7 controls (data not shown). Hyperthy-
roidism was found to be due to nonautoimmune mecha-
nisms in all of these 7 control patients (Table 4).

Laboratory results as compared to final diagnosis
The US diagnosis of AITD was supported by the results

of at least one of the laboratory tests in 411 of the 452 study
patients (90.9%). Of these test results (Table 1) lymphocytic
thyroiditis was the most frequent (79.1%), followed by ele-
vated levels of TPoAb and TSH, which both occurred in ap-
proximately 65% of the study patients. The final diagnosis
(Table 4) in these 411 patients was: chronic autoimmune
(Hashimoto's) thyroiditis in 352 patients; Graves' disease in
47; subacute (granulomatous) thyroiditis in 7; toxic nodular
goiter in 3; toxic adenoma in 2 patients. Associated thyroid
cancer was detected in 5 of the 352 patients with chronic au-
toimmune thyroiditis. In the other 41 patients, those with-
out laboratory results consistent with AITD, the final diag-
nosis was colloid goiter in 37 patients and thyroid cancer in
4 patients.
Hyperthyroidism, which was present in 79 of the study

patients, was due to AITD in 67 patients (85%). Of these, 47
patients (70.1%) had Graves' disease and 20 patients (29.9%)
had silent thyroiditis. Hyperthyroidism was due to nonau-

toimmune causes in 12 of the 79 patients (15.2%), whereas

among the controls hyperthyroidism was due to nonau-

toimmune mechanisms in all the 7 patients.
In the 100 controls, the laboratory results were consistent

with possible AITD in 14 patients (Table 1). The most frequent
of these findings were elevated levels of TPOAb (10.2%) and
low levels of TSH (7.0%). Elevated levels of TSH (2.0%) and
cytologie evidence of lymphocytic thyroiditis (2.0%), indica-
tive of serious thyroid dysfunction, were rarely observed.
Table 4 shows that in the controls, a final diagnosis of colloid
goiter (84.0%), chronic autoimmune thyroiditis (7.0%), and
toxic nodular goiter (6.0%) occurred most frequently.

Based on the above clinical diagnoses, the positive pre-
dictive value of reduced thyroid echogenicity as an indica-
tor of AITD was 399/452 (88.3% [95% CI, 85% to 91%]). The
negative predictive value of this US finding was 93.0% (95%
CI, 88% to 98%).
The frequency with which specific combinations of labo-

ratory results occurred was assessed in 269 study patients,
all of whom had available results of TSH and TPOAb and
diagnostic cytology specimens. At least one of the laboratory
tests was consistent with possible AITD in 256 of the patients
(95.2%). By combining individual test results in these pa-
tients (Table 3), it can be seen that lymphocytic thyroiditis
was detected by cytology in 219 patients (85.5%), elevated
levels of TPOAb in 189 patients (73.8%), elevated levels of
TSH in 176 patients (68.8%), and low levels of TSH in 47

Table 3. Various Combinations of Test Results Occurring in 256a Study Patients with
Ultrasonographic (US) Findings Consistent with Autoimmune Thyroid Disease (AITD)

Cytology Thyroid peroxidase antibodies TSH* Cases (percent)c
LT (lymphocytic thyroiditis)
LT
LT
LT
LT
LT
CG (colloid goiter)
CG
CG
CG
CG

Td
Î
Î
->
->
->
î
î
î
->

i
î
i
î
—>

I
î
i

121 (47.3)
22 (8.6)
18 (7.0)
36 (14.0)
8 (3.1)

14 (5.5)
16 (6.3)
3 (1.2)
9 (3.5)
3 (1.2)
6 (2.3)

"Subgroup of study patientswith serologic tests and diagnostic cytology retrieved in all, and inwhom at least one laboratory test resultwas
consistent with possible AITD.
bLow TSH levels was due to nonautoimmune mechanisms in 6 patients.
cProportion of the 256 patientswith the specific combination of test results.dResults of serologic tests: T above, —» within, 1 below reference range.
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Table 4. Final Diagnosis in Study Patients with Reduced Thyroid Echogenicity
Versus Control Patients with Normal Echogenicity

Thyroid ultrasonography

Final diagnosis

Reduced echogenicity
(n = 452)
No (%)

Normal echogenicity
(n = 100)
No (%)

Chronic autoimmune (Hashimoto's)
thyroiditis

Graves' disease
Subacute (de Quervain's) thyroiditis
Toxic nodular goiter
Toxic adenoma
Colloid goiter
Thyroid cancer1

352 (77.9)
47 (10.5)
7 (1.5)
3 (0.7)
2 (0.4)

37 (8.2)
9 (1.8)

0
0
6
1

84
2

aFive of these patients, were found among the 287 patients with cytologie evidence of diffuse
lymphocytic thyroiditis (verified by histology).

(18.4%). All three tests were consistent with possible AITD
in 54.3%, two tests in 37.9%, and one test in 7.8%.
Table 3 shows that TSH levels were low in 47 patients. In

these the hyperthyroidism was due to AITD in 41 patients
while being caused by nonautoimmune mechanisms in 6 pa-
tients. AITD consisted of Graves' disease in 31 patients (76.5%),
silent thyroiditis in 9 (2.9%), and postpartum thyroiditis in 1
patient (2.4%). In the 31 patients with Graves' disease, cytol-
ogy suggested lymphocytic thyroiditis in 23 (56.1%), and col-
loid goiter in 8 patients (25.8%). In the 10 patients with silent
or postpartum thyroiditis, lymphocytic thyroiditis was sug-
gested in 9 (90.0%) and colloid goiter in 1 patient (10.0%).
The final diagnosis was consistent with AITD in 250 of the

256 patients with laboratory test results consistent with pos-
sible AITD, because hyperthyroidism was caused by nonau-
toimmune mechanisms in 6 of these patients. Thus, in the
selected group of 269 study patients without missing results,
the positive predictive value of reduced thyroid echogenic-
ity as an indicator of AITD was 92.9%.

Factors associated with lower rate
of diagnostic verification
The positive predictive value—or validity—of reduced

thyroid echogenicity as an indicator of AITD was lower in
certain subgroups of the study patients, especially in patients
with only a mild (grade I) reduction in thyroid echogenicity
and in patients with a short history of thyroid disease. Table
5 demonstrates that in the study patients with grade I re-
duction in thyroid echogenicity, the laboratory tests were

consistent with possible AITD in 91 of 110 patients (82.7%)
as compared to 320 of 342 patients (93.6%), (p = 0.0019), with
grades II and III reduction. The increase in number of pa-
tients with laboratory tests consistent with AITD across the
three echogenicity classes (I to III) demonstrated a linear
trend for each of the three tests. Mild reduction in thyroid
echogenicity was associated with a final diagnosis of AITD
in 87 of 110 patients as compared with 312 of the other 342
study patients with moderate or marked reduction. The cor-
responding positive predictive values of reduced thyroid
echogenicity as an indicator of AITD in patients with grade
I as compared to grades II and III combined were 79.1% (CI,
71% to 87%) and 91.2% (CI, 88% to 94%), respectively.

The positive predictive value of US findings with regard
to AITD was also dependent on the duration of the disease
history. This was demonstrated in 168 study patients with
only a few weeks history of thyroid disease. The requisition
for the US examination was sent before the referring physi-
cian had results on the patient's thyroid function tests, which
left both the referring physician and the US examiner unin-
formed of these results. In the 168 study patients with a short
history of thyroid disease, the results of the laboratory tests
were consistent with possible AITD in 135 patients (80.5%)
versus 276 in the remaining 284 patients (97.2%). The final
diagnosis in the study patients with a brief history of thy-
roid disease was consistent with AITD in 132 of the 168 pa-
tients versus 267 of the 284 remaining study patients. The
corresponding positive predictive values of US findings in-
dicating AITD were 78.6% (CI, 73% to 84%) and 94.0% (CI,
91% to 97%), respectively. The cause of a lower rate of di-
agnostic verification in the patients with a short history of
thyroid disease was primarily due to a lower number of pa-
tients with thyroid dysfunction and/or elevated levels of
TPOAb. The respective frequencies of thyroid dysfunction
in the two groups of patients were 80.5% of 168 patients ver-
sus 97.2% of 282 patients (p < 0.0001), and the frequencies of
thyroid antibodies, 59.7% of 124 patients versus 70.9% of 213
patients (p = 0.035). Other important parameters including
gender, age, echogenicity (number of patients within each
echogenicity class), and frequency of lymphocytic thyroidi-
tis did not differ significantly (NS). The lowest positive pre-
dictive value of reduced thyroid echogenicity with regard to
AITD was found in patients with both a short history of thy-
roid disease and a mild reduction in thyroid echogenicity,
33 of 48 patients (68.8%) (CI, 63% to 75%).

Discussion

The predictive value of ultrasonographic findings
The present study, which includes a large number of rel-

atively unselected patients, many of whom were referred to
US of the thyroid with only a few or vague symptoms of thy-
roid disease, shows that reduced thyroid echogenicity is a

strong predictor of AITD. This US finding was associated



258 PEDERSEN ET AL.

Table 5. Frequency of Test Results in Patients with Ultrasonographic Findings Indicating Autoimmune
Thyroid Disease, Classified According to the Degree of Reduction in Thyroid Echogenicity

Echogenicity reduction

Laboratory tests No

Mild (grade I)
(n = 110)
No (%)*

Moderate (II)
(n = 149)
No (%)

Marked (III)
(n = 193)
No (%)

p value
for linear trend

Lymphocytic thyroiditis (cytology) 287 60 (67.4) 95 (79.8) 132 (85.2)
Thyroid peroxidase antibodies 225 46 (55.4) 69 (65.7) 110 (73.8)
Thyroid dysfunction 369 76 (69.1) 119 (80.4) 174 (90.6)
Elevated levels of TSH 290 61 (55.5) 97 (65.5) 132 (68.8)
Low levels of TSH 79 15(13.6) 22(14.9) 42(21.9)

At least one positive test 411 91 (82.7) 133 (89.3) 187 (96.9)

<0.001
<0.001
<0.001
<0.05
<0.05
<0.01

aThe percentages refer to the number of patients within each echogenicity class with retrieved results of the specific test.

with chronic autoimmune thyroiditis or Graves' disease in
88% of the 452 study patients as compared with only 7%
AITD in the 100 controls with normal level echoes. The pre-
sent results are consistent with that found in an earlier study
where AITD was confirmed in 314 (191 Graves' disease and
123 chronic autoimmune thyroiditis) of 360 patients (87%)
with reduced thyroid echogenicity (11).

The validity of using reduced thyroid echogenicity as a

predictor of possible AITD in general was very good. How-
ever, the rate of diagnostic verification seems to be lower
when the history of thyroid disease is brief or when the re-
duction in thyroid echogenicity is mild. The patients with a

brief history of thyroid disease differed from the remaining
study patients by having a lower frequency of TPOAb and
of thyroid dysfunction. The other parameters, including the
presence of lymphocytic thyroiditis, the degree of reduction
in thyroid echogenicity, gender, and age were similar.
The lower positive predictive value of reduced thyroid

echogenicity as an indicator of AITD when the reduction was

mild as opposed to moderate or marked, may be due to less
involvement by the autoimmune process in these patients.
This explanation is supported by the linear relationship be-
tween the positivity rate of the laboratory tests and the ob-
served degree of reduction in thyroid echogenicity. Others
have demonstrated a similar relationship between the de-
gree of reduction in thyroid echogenicity and the level of
lymphocytic infiltration of the thyroid and level of TPOAb
elevation (9,12,13). In an earlier study of 53 untreated pa-
tients with Hashimoto's thyroiditis, it was demonstrated that
a marked reduction in thyroid echogenicity was associated
with severe follicular degeneration and the disappearance of
thyroid follicles, whereas a lesser degree of reduction in
echogenicity was usually associated with follicles of normal
size and less marked changes in the levels of TSH and T4 (10).

Ultrasonographic findings in relation to results of
individual laboratory tests

In the present study, ATTD was confirmed by clinical find-
ings, as well as by laboratory tests, including radioactive io-
dine uptake whenever necessary. However, none of the lab-
oratory tests seem to be ideal. Although TPoAb were detected
in the peripheral circulation in 10% of our control patients,
nearly all having cytology findings consistent with colloid goi-
ter, they were lacking in 25% of the study patients with cyto-
logie evidence of lymphocytic thyroiditis. It is important to

note that in 60% of these study patients there were also signs
of thyroid failure as evidenced by elevated levels of TSH.
The clinical impact of autoimmune thyroid disease is hy-

perfunction or hypofunction of the thyroid gland, best de-
termined by the measurement of TSH and of thyroid hor-
mone levels. Although hyperthyroidism is quite often caused
by nonautoimmune mechanisms, our findings showed that
when hyperthyroidism was associated with reduced thyroid
echogenicity, the presence of AITD was more than 80%. Con-
versely, normal thyroid echogenicity, especially in associa-
tion with a nodular echo pattern, appeared to indicate that
hyperthyroidism, most probably, was not due to AITD.
Failure of US to detect reduced thyroid echogenicity in the

five controls with elevated levels of TPoAb may be due to a

less inflammatory response. This is partly indicated by the
lack of lymphocytic infiltration in four of the five controls
and normal thyroid function in all five controls. These find-
ings are consistent with the results of earlier studies, where
the diagnostic sensitivity of US was rather low when the con-
firmation of AITD was based merely on the presence of
TPOAb without concurrent elevation of TSH levels (12,14).

Limitations of ultrasonography
Although some procedures of standardization regarding

the use of ultrasound equipment in the assessment of thy-
roid echogenicity have been proposed (12,13,16), the US di-
agnosis of AITD is still operator-dependent. The attenuation
of ultrasound energy as the pulses traverse the different lay-
ers of the neck needs to be compensated for by a corre-

sponding amplification of US signals, selected by the oper-
ator. Too much amplification may mask a true reduction in
thyroid echogenicity, whereas too little amplification may
lead to a false diagnosis of reduced thyroid echogenicity.

Clinical implications
The study indicates that the reduction in thyroid

echogenicity occurs at a relatively early stage in the disease
process, often before overt thyroid failure. A high proportion
(65%) of the study patients with subclinical hypothyroidism
also had elevated TPOAb levels, which increases the risk of
developing overt hypothyroidism (24). Recently, subclinical
thyroid dysfunction, hyperfunction as well as hypofunction,
has gained importance, due to greater knowledge of its neg-
ative effect on cholesterol, mineral density, heart rhythm, and
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depression (25). The high prevalence of AITD (26,27), and the
wide use of US in patients with goiters of various types may
therefore lead to early detection and possible treatment of au-
toimmune thyroid disease in some patients.

Conclusion
This study showed that reduced thyroid echogenicity

demonstrated by ultrasonography is a strong predictor of
chronic autoimmune thyroiditis or Graves' disease, even

when these disorders have not been suspected clinically. In
some subgroups, however, the rate of diagnostic verification
may be somewhat less. This would apply to patients with
brief history of AITD and/or with borderline reduction in
thyroid echogenicity.
On the other hand, when AITD was associated with bio-

chemical dysfunction and/or cytologie evidence of lympho-
cytic thyroiditis, normal thyroid echogenicity was rare.
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