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Abstract
Purpose Evidence of an increased diagnostic pressure on thyroid has emerged over the past decades. This study aimed to 
provide estimates of a wide spectrum of surveillance indicators for thyroid dysfunctions and diseases in Italy.
Methods A population-based study was conducted in North-eastern Italy, including 11.7 million residents (20% of the 
total Italian population). Prescriptions for TSH testing, neck ultrasound or thyroid fine needle aspiration (FNA), surgical 
procedures, and drugs for hypo- or hyperthyroidism were extracted from regional health databases. Proportions and rates of 
selected examinations were calculated from 2010 to 2017, overall and by sex, calendar years, age, and region.
Results Between 2010 and 2017 in North-eastern Italy, 24.5% of women and 9.8% of men received at least one TSH 
test yearly. In 2017, 7.1% of women and 1.5% of men were prescribed drugs for thyroid dysfunction, 94.6% of whom for 
hypothyroidism. Neck ultrasound examinations were performed yearly in 6.9% of women and 4.6% of men, with a nearly 
two-fold variation between areas. Thyroid FNA and thyroidectomies were three-fold more frequent in women (394 and 
85 per 100,000) than in men (128 and 29 per 100,000) with a marked variation between areas. Both procedures decreased 
consistently after 2013.
Conclusions The results of this population-based study describe recent variations over time and between surrounding areas of 
indicators of ‘diagnostic pressure’ on thyroid in North-eastern Italy. These results emphasize the need to harmonize practices 
and to reduce some procedures (e.g., neck ultrasound and total thyroidectomies) in certain areas.
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Introduction

Thyroid diseases can be broadly summarized into thyroid 
dysfunctions (hypothyroidism, hyperthyroidism) and struc-
tural diseases (goiter, benign nodules, and cancer). An 
increased frequency of thyroid diseases has been observed 
over the past three decades [1–4].

National and international guidelines and recommenda-
tions about the management of thyroid diseases are available 
[5–7], but an abuse of testing and diagnostic procedures may 
lead to wasting of resources, overdiagnosis, and inappro-
priate treatment [8]. In addition, still open issues concern 
whether healthy adults can benefit from screening for thy-
roid diseases, including targeted screening for thyroid dys-
function in any circumstance, including pregnancy [4] and 
low-radiation exposures [9]. Indeed, the assessment of the 
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thyroid function has become common practice, in particular 
thyroid function testing through TSH (i.e., the most sensi-
tive marker of thyroid status) that is increasingly included 
among routine tests for metabolic status or in the presence 
of a broad range of medical conditions [10, 11]. Concur-
rently, a massive increase in the neck ultrasound to explore 
the thyroid gland or other abnormalities of the neck has 
been reported in many regions of the world [12, 13], and 
intensity of medical surveillance has been shown to be a 
major determinant of the large, although heterogeneous, rise 
in thyroid cancer incidence over the past three decades [8, 
13–22]. In particular, a very frequent detection of asympto-
matic tumors, which may have never caused symptoms or 
harm, emerged. In addition, an increased search for cancers 
(incidental microcarcinomas) in patients undergoing surgery 
for benign thyroid diseases has been observed [12, 23–25].

Given the high and increasing thyroid cancer incidence 
reported in Italy [26], with progressively increasing geo-
graphic variation [27], and paucity of population-based stud-
ies describing the changes over time of ‘diagnostic pressure’ 
on thyroid [12, 22, 24, 28–31], this study aimed to provide 
population-based estimates of the frequency and trends 
of a wide spectrum of medical surveillance indicators for 
thyroid dysfunction and disease in North-eastern Italy. We 
explored the variations of thyroid function testing, chronic 
treatments, neck ultrasound, thyroid fine needle aspiration 

(FNA), frequency and type of thyroid surgery by sex, over 
time, and between areas.

Materials and methods

This population-based study was conducted to identify the 
frequency of thyroid examinations in North-eastern Italy, 
three administrative regions—Veneto, Emilia-Romagna, and 
Friuli Venezia Giulia—and two autonomous provinces—
Trentino and Alto Adige (Table 1), for a total of 11.7 mil-
lion residents in 2017 (20% of the total Italian population, 
5.7 million men and 6.0 million women). Well comparable 
and comprehensive regional health system databases are 
active in this part of Italy, including exhaustive information 
on medical prescriptions and procedures since the 1990s, 
and regional population-based cancer registries [26]. The 
following databases collected by regional health authorities 
were examined: outpatient services databases; hospital dis-
charge databases; and drug prescriptions databases (Online 
Appendix 1). Prescriptions for TSH testing (ICD9-CM 
code 90.42.1) [32], neck ultrasound examinations (ICD9-
CM codes 88.71.4, 88.71.5, 88.73.5); and thyroid FNA 
(i.e., FNA biopsy or FNA cytology, ICD9-CM codes 06.01, 
06.01.1, 06.11.1, 06.11.2) were retrieved from outpatient 

Table 1  Regions included in the study, population, and proportion of people who underwent selected thyroid examinations at least once in any 
year. North-eastern Italy, 2010–2017

a At least two drug prescriptions in 2017
b Adapted from Dal Maso et al. [26], age 0–84 years
c http://dati.istat .it/Index .aspx?DataS etCod e=DCIS_INDDE MOG1#
d Average number of people undergoing each test or procedure at least once per year

Population Drugs for hypo-
hyperthyroidisma

TSH Neck ultrasound Thyroid fine 
needle aspira-
tion

Thyroidecto-
mies

Thyroid  cancerb

Million Mean Per 100 Per 100,000

Agec

2017 2017 2010–2017d 2010–2017d 2010–2017d 2010–2017d 2010–2012

Men Women Men Women Men Women Men Women Men Women Men Women

Region
 Total 11.65 45.5 1.5 7.1 9.8 24.5 4.6 6.9 128 394 29 85 10 21
 Veneto 4.91 45.1 1.1 5.5 8.7 22.6 4.3 6.1 106 327 28 86 8 21
 Emilia-Romagna (ER) 4.46 45.9 1.8 8.5 11.2 27.0 5.2 8.2 172 536 35 95 15 24
 Friuli Venezia Giulia 

(FVG)
1.22 47.1 1.5 7.9 8.1 21.5 3.7 5.4 107 354 21 65 7 18

 Trentino 0.54 44.2 1.6 8.2 10.8 31.0 5.6 8.2 71 205 16 49 6 18
 Alto Adige/South Tyrol 

(AA)
0.53 42.5 1.5 6.7 10.6 22.3 2.9 4.3 70 78 27 77 5 11

http://dati.istat.it/Index.aspx?DataSetCode=DCIS_INDDEMOG1#
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services databases in each year from 2010 to 2017 by area, 
sex, and age.

Surgical procedures, including partial (ICD9-CM codes 
06.2, 06.3x, 06.51) [33] and total (ICD9-CM codes 06.4, 
06.50, 06.52) thyroidectomies for any indication were 
extracted from hospital discharge databases for each year 
between 2010 and 2017 by area, sex, and age. The number of 
FNA was also extracted from Hospital Discharge databases. 
For each individual only one procedure of TSH testing, neck 
ultrasound, thyroid FNA, and thyroidectomy per year was 
counted.

In order to characterize the prevalence of people living 
with “chronic” thyroid dysfunction, including hyperthy-
roidism or hypothyroidism (for all reasons, including thy-
roidectomies), individuals with at least two prescriptions 
for thyroid (ATC code H03AA) [34] and anti-thyroid (code 
H03BB) preparations were identified in 2017 from the drug 
prescriptions databases.

On account of the descriptive purpose of the present 
research and the demographic similarities of the examined 
regions, we computed only crude proportions and rates of 
selected examinations from 2010 to 2017, overall and by sex, 
calendar years, age, and region.

Results

In 2017, 7.1% of women and 1.5% of men living in North-
eastern Italy were prescribed, at least twice, drugs for 
hypothyroidism or hyperthyroidism (Table 1). Drugs use 
increased linearly with age until 65–74 years in women 
(13.1%) and 75 years or older in men (4.0%) (Fig. 1). The 
vast majority (94.6%) of these prescriptions were thyroid 
hormones (mainly levotiroxine) for hypothyroidism, the 
remaining 5.4% were thyroid inhibitors (mainly thiamazole, 
also known as methimazole) used to treat hyperthyroidism. 
The highest proportions of drugs for hypo/hyperthyroidism 
emerged in Emilia Romagna (8.5% in women and 1.8% in 
men) (Table 1).

Between 2010 and 2017, 24.5% of women and 9.8% of 
men received at least one prescription for TSH testing each 
year (Table 1). No substantial variations over time were 
found in either men or women (Fig. 2). The frequency of 
TSH testing reached > 20% of women aged 25 years or older, 
with values exceeding 35% at 65–74 years. A more gradual 
increase with age was found for men, among whom TSH 
testing was performed > 10% yearly after 65 years and > 20% 
in those aged 75–84 years. The only remarkable geographi-
cal variation was found in Trentino where, among women 
aged 25–34, nearly 40% were tested for TSH yearly, i.e., 
approximately two-fold more than in other areas (Online 
Appendix 2).

Neck ultrasound examinations were performed at least 
once per year in 6.9% of women and 4.6% of men (Table 1). 
The peak of neck ultrasounds occurred at ages 65–74 years 
in women (16%) and 75–84 years in men (15%) (Fig. 2). 
The proportion of individuals undergoing neck ultrasound 
slightly increased between 2010 and 2017 (i.e., from 6.6 to 
7.0% in women and from 4.3 to 4.8% in men) with a nearly 
two-fold higher frequency in Emilia-Romagna and Trentino 
than in Alto Adige (Table 1 and Online Appendix 2).

Thyroid FNA were threefold more frequent in women 
than men (394 and 128 per 100,000, respectively) with 
a seven-fold variation between the highest (i.e., Emilia-
Romagna) and lowest (Alto Adige) frequency areas in 
women. Corresponding variation in men was 2.5-fold 
(Table 1). Women-to-men ratio was consistent in different 
age groups with a peak at 65–74 years in both sexes (767 in 
women and 327 per 100,000 in men) (Fig. 2). In women, a 
consistent decrease of FNA emerged throughout the study 
period, from 429 in 2010 to 334 per 100,000 in 2017, with a 
decrease > 6% per year after 2014. In men, 134 per 100,000 
FNA were reported yearly in 2013–2014, but they declined 
to 121 FNA per 100,000 in 2017.

The annual number of thyroidectomies was approxi-
mately three-fold higher in women (85 per 100,000) than in 
men (29 per 100,000) (Table 1), with a tendency to decline 
after 2014. Thyroidectomies increased with age, reaching a 
plateau at 45–74 years in women and at 55–74 years in men 
(Fig. 2). Total thyroidectomies were 71 per 100,000 women 
in 2010, 73 per 100,000 in 2013 and 2014, decreasing to 61 
per 100,000 women in 2017 (Fig. 3). Partial thyroidectomies 
were 16 per 100,000 women in 2010 and 19 per 100,000 
women in 2017. Men also showed a decrease in the fre-
quency of total thyroidectomies from 2013 to 2017 (23 and 
20 per 100,000 men, respectively) and an increase of partial 

Fig. 1  People to whom drugs for hypothyroidism or hyperthyroidism 
were prescribed at least twice in 2017, by sex and age group. North-
eastern Italy
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Fig. 2  Rates of TSH, neck ultrasound, thyroid fine needle aspiration, and thyroidectomy (any type) by calendar year, sex, and age group. North-
eastern Italy, 2010–2017
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thyroidectomies from 2012 to 2017 (6.4 and 7.8 per 100,000 
men). Notably, the frequency of thyroidectomies was also 
two-fold higher in Emilia Romagna than in Trentino in both 
sexes (Online Appendix 2). In women, total thyroidectomies 
represented more than 75% of all thyroidectomies through-
out the examined period, with one partial thyroidectomy 
every 4.3 total thyroidectomies in 2010, increasing to 4.8 
in 2013 (83%), but declining to one partial thyroidectomy 
every 3.3 total thyroidectomies in 2017 (77%). In men, 3.3 
total thyroidectomies were performed for every partial thy-
roidectomy in 2011 (77%) and 2.5 in 2017 (71%).

The relative frequency of selected procedures was also 
shown as the ratio of neck ultrasound to FNA and FNA to 
thyroidectomy (Fig. 4). In women, one FNA was performed 
every 15.4 neck ultrasound examinations in 2010, increasing 
to 21.0 in 2017. In men this ratio was two-fold higher, one 
FNA was performed every 34 neck ultrasound examinations 
in 2010 and every 40 in 2017. The FNA to thyroidectomy 
ratios were similar in men and women (i.e., approximately 

one thyroidectomy every 4.5 FNA), showing negligible vari-
ations over time.

Discussion

This study provides the first population-based evaluation of 
annual rates of thyroid function testing, neck ultrasound, 
FNA, and thyroidectomies in 2010–2017 in North-eastern 
Italy, an area with nearly 12 million inhabitants, 20% of the 
Italian population.

We found that a large proportion of individuals living in 
North-eastern Italy underwent thyroid function testing. The 
percentages of individuals who were tested for TSH at least 
once per year (25% in women and 10% in men) were consist-
ent with those reported in other countries, such as France 
[14], Canada [35], UK [36], and Australia [10]. Particu-
larly high frequency of TSH testing was reported in women 

Fig. 3  Rates of total and partial thyroidectomies by calendar year, sex, and age group. North-eastern Italy, 2010–2017
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in Trentino (31% overall and 33% since age 25–34 years, 
Online Appendix 2), providing confirmation of local vari-
ability of thyroid function testing shown elsewhere [36].

Our indirect estimates of the proportion of individuals 
who received treatments for hypo- (4.1%) or hyperthyroid-
ism (0.23%) in 2017 (4.3% overall) were similar to those 
obtained elsewhere using a population-based design. In the 
United Kingdom, the prevalence of treated hypothyroidism 
increased from 2.3% in 2005 to 3.5% in 2014 [37]. A survey 
in Spain showed that 4.2% of the population was treated for 
hypothyroidism and 0.8% for hyperthyroidism [38], while 
in the USA thyroid hormones (i.e., levotyroxine) were pre-
scribed to 6.4% of adults in 2011–2012 [39]. The associa-
tion between thyroid dysfunctions and thyroid cancers has 
received increasing attention [40], but a causal link with 
thyroid cancer has been firmly established only for nodules 

[41], while it is still controversial for goiter, hypo- or hyper-
thyroidism [42].

The frequency of annual neck ultrasound examinations 
we found (7% in women and 5% in men) was even higher 
than that reported in other studies, i.e., 2–3% in France [14], 
1.5% in USA [13], and 1% in Canada [43]. Of note, thyroid 
nodules are often incidental findings as neck ultrasound is 
performed for the examination of carotid arteries (i.e., dis-
eases unrelated to thyroid) and there was a two-fold higher 
frequency of thyroid FNA per neck ultrasound in women 
than men.

Our estimates of annual FNA (128 per 100,000 men 
and 394 per 100,000 women) are also higher than those 
reported in the only comparable population-based study in 
France (i.e., approximately 200 FNA per 100,000 popula-
tion, men and women combined) [14]. Interestingly, FNA is 
the examination that shows the largest variation (i.e., > two-
fold) across study areas. The decrease of FNA in the study 
period was more marked in the study area with the high-
est yearly rates (i.e., Emilia Romagna, Online Appendix 2). 
Information on overall reduction of FNA with substantially 
unchanged rates of neck ultrasound may suggest of a more 
stringent selection of nodules that needed further examina-
tion during the last study years.

The number of thyroidectomies in North-eastern Italy 
for any indication between 2010 and 2017 (29 per 100,000 
men and 85 per 100,000 women per year, 58 per 100,000 
overall) was similar to the results reported in France [14] 
and the United States [25], until 2012 and 2014. Notably, in 
our study the frequency of total thyroidectomies has shown 
a downward trend since 2015, probably as a consequence of 
the reduction of FNA since 2015 and according to the most 
recent guidelines recommending that only > 1 cm nodules 
should be evaluated, since they have a greater potential to be 
clinically significant cancers [5]. In addition, after 2015 we 
observed a more conservative surgery approach with low but 
increasing rates of partial thyroidectomies. These findings 
could mirror, to some extent, the cultural trend induced by 
the worldwide steep increase of papillary microcarcinoma, 
in favor of a less aggressive diagnostic attitude towards small 
thyroid tumors. This trend culminated in the contents of 
2015 ATA guidelines [5], which include a recommendation 
against FNA for < 10 mm diameter thyroid nodules, even 
when suspicious on ultrasound basis. The ATA guidelines 
were preceded by meeting sessions, editorials as well as 
review articles which anticipated this less aggressive vision 
[5].

Italy is one of the countries where the burden of thyroid 
cancer incidence and overdiagnosis is among the largest 
worldwide [19, 26] and the areas in the present study include 
the highest and lowest thyroid cancer incidence rates in Italy 
[26]. In North-eastern Italy, persons living after a thyroid 
cancer diagnosis were 0.2% of the overall population in 2010 

Fig. 4  Number of neck ultrasound for every thyroid fine needle aspi-
ration (FNA) and number of thyroid FNA for every thyroidectomy 
(any type) by calendar year and sex. North-eastern Italy, 2010–2017
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[44], most of them cured [45] but still needing lifelong treat-
ments. Age-adjusted incidence rates in 2010–2012 in South 
Tyrol were 11 per 100,000 women and 5 per 100,000 men, 
while nearly threefold higher rates were found in Emilia 
Romagna (i.e., 24 per 100,000 women and 15 per 100,000 
men) [26]. Among the indicators of diagnostic pressure 
evaluated in the study, the strongest correlation with thyroid 
cancer incidence was found for FNA rates (Spearman cor-
relation > 0.7 in men and women). In women, a strong cor-
relation also emerged for neck ultrasound (Spearman 0.76), 
consistently with results in South Korea, where screening is 
the most important driver of the epidemic of thyroid cancer, 
particularly among females [16]. The frequency of ultra-
sonography for thyroid screening reached coverage > 15% in 
some South Korean regions and is 3- to 4-fold higher than 
the frequency of neck ultrasound recorded in our study. No 
favourable effect of screening on thyroid cancer mortality 
emerged [16, 20].

Strengths of the presents study include the population-
based design, the inclusion of a substantial part of Italian 
population, and the availability of data until 2017. Study 
limitations are the lack of linkage individuals for different 
tests performed, and of information on the determinants of 
examinations and their appropriateness according to current 
guidelines. In addition, we could not assess the outcomes of 
examinations performed.

Our results are not meant to recommend ideal testing fre-
quency for TSH, neck ultrasound, or thyroid FNA in our, 
as well as in other populations [8]. Several comorbidities 
other than known or suspected thyroid diseases may have 
prompted TSH testing (e.g., type 2 diabetes or hyperten-
sion) [11] and neck ultrasound examination (e.g., carotid 
stenosis). Recently, patterns of TSH testing, the most com-
monly prescribed thyroid examination by clinicians, have 
been explored in Canada [46], showing a relatively high 
proportion (22%) of TSH testing not conforming to current 
test-ordering guidelines. Moreover, benign thyroid nodules 
can be safely followed with less intense protocols than those 
proposed in the past years [47].

In the paucity of population-based data on the appropri-
ateness of current practice of thyroid clinical impact of test 
overuse or underuse [11, 48], future studies linking indi-
vidual number of different thyroid examinations would be of 
great interest, particularly in specific population subgroups 
(women < 25 years, the elderly population). These studies 
would further increase the knowledge on the pathways to 
the diagnosis of thyroid cancer and other thyroid disorders, 
to differentiate clinically relevant diseases from those with 
no impact on mortality [19, 49]. In addition, they would 
contribute to evaluate adherence to evolving guidelines [5, 
7, 50] and they should be used to reduce unnecessary med-
icalization of patients [51] and unnecessary costs for the 
healthcare system [23, 52, 53].

Conclusion

Variations in the frequency of thyroid examination across 
otherwise rather similar Italian regions suggest the need for 
a reappraisal of the indications for the detection and man-
agement of thyroid disorders. There is certainly room for a 
reduction of FNA examinations in some areas. According 
to growing evidence suggesting the feasibility of more con-
servative surgical approaches [54], indications to total thy-
roidectomy may be reconsidered. Most of all, the evidence 
of a first impact of recent recommendations [7, 55, 56] on 
thyroid diagnosis and treatments in real-life clinical practice 
stresses the need of further dissemination efforts, sharing, 
and implementation of emerging evidence-based guidelines.
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