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Thyroid Dysfunction in Primary Biliary Cholangitis: A
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OBJECTIVES:

Primary biliary cholangitis (PBC) is often associated with other autoimmune diseases, but little
is known about the inﬂuence of thyroid disease (TD) on the natural history of PBC. Our aim is to
analyze the association between PBC and TD, and the latter’s impact on the natural history of
PBC at two European centers.

METHODS:

The study involved 921 PBC patients enrolled between 1975 and 2015 in Padova (376 patients)
and Barcelona (545 patients), with a mean follow-up of 126.9±91.7 months. Data were recorded
on patients’ histological stage at diagnosis, biochemical data, associated extrahepatic autoimmune
conditions, and clinical events, including hepatic decompensation.

RESULTS:

A total of 150 patients (16.3%) had TD, including 94 patients (10.2%) with Hashimoto’s thyroiditis;
15 (1.6%) with Graves’ disease; 22 (2.4%) with multinodular goiter; 7 (0.8%) with thyroid cancer;
and 12 (1.3%) with other thyroid conditions. The prevalence of different types of TD was similar
in Padova and Barcelona, except for Graves’ disease and thyroid cancer, which were more frequent
in the Padova cohort (15.7 vs. 5.0%, and 8.6 vs. 1.3%, respectively, P<0.05). Overall, there were
no differences between PBC patients with and without TD in terms of their histological stage at
diagnosis, hepatic decompensation events, occurrence of HCC, or liver transplantation rate. The
presence of associated TD was not associated with lower survival for PBC patients in either cohort.

CONCLUSIONS: TDs, and autoimmune TD like Hashimoto’s thyroiditis in particular, are often associated with PBC,

but the presence of TD does not inﬂuence the rate of hepatic complications or the natural history
of PBC.
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INTRODUCTION
Primary biliary cholangitis (formerly named primary biliary cirrhosis, PBC) is a chronic liver disease characterized by progressive
immune-mediated destruction of the small-to-medium-sized
bile ducts, resulting in chronic cholestasis, portal inflammation and, eventually, cirrhosis (1). It mainly affects middle-aged
women, and frequently coexists with various autoimmune diseases. The probability of PBC being associated with at least one
autoimmune disorder is reportedly as high as 61.1% (2), and thyroid diseases (TD) are one of the most common associations with
PBC. Crowe et al. (3) reported positivity for thyroid antibodies
in 25 of 95 patients with PBC (26%); and 13 of these patients

had biochemical evidence of thyroid dysfunction, usually hypothyroidism (32%). A positive correlation emerged with thyroid
antibodies and sicca syndrome, but not with histological stage
of PBC. Elta et al. (4) studied thyroid metabolism in 58 patients
with PBC and found a 22% prevalence of hypothyroidism.
The prevalence of TD in PBC reportedly ranges between 7.24
and 14.4% (2–5), the most often encountered thyroid dysfunction
being Hashimoto’s thyroiditis. TDs are also commonly associated
with primary sclerosing cholangitis (6), and autoimmune hepatitis (7,8). The frequency of TD in autoimmune liver diseases is
substantially higher than in the general population. Since fatigue,
lethargy, anorexia, and hypercholesterolemia are common features
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of both hypothyroidism and PBC, patients with PBC should be
screened for evidence of TD (5). In addition, little attention has
been paid in the literature to the influence of TD on the natural
history of PBC.
The aim of the present study conducted at two European centers was to analyze the association between PBC and TD, and the
impact of the latter on the natural history of PBC.

METHODS
All PBC patients were seen prospectively and included in a
database (1975–2015). A detailed description of our recruitment methods and diagnostic and follow-up criteria is available
elsewhere (9). The present study concerns all consecutive PBC
patients collected between 1975 and February 2015 who had a
follow-up of at least 1 year. PBC was diagnosed on the basis of
an antimitochondrial antibody (AMA) positivity higher than
1:40, abnormal alkaline phosphatase levels (at least 1.5 times the
norm), and/or a compatible liver histology. The AMA-negative
variant was diagnosed in patients with abnormal alkaline phosphatase levels (at least 1.5 times the norm), an antinuclear antibody positivity of at least 1:40, and a liver histology compatible
with PBC. In AMA-negative patients, biliary tree patency was
assessed by ultrasound and nuclear magnetic resonance imaging
with cholangiography. Histological staging was done according
to Scheuer’s classification (10).
The diagnosis of Hashimoto’s thyroiditis was established from a
combination of clinical features, the presence of serum antibodies
against thyroid antigens (mainly thyroperoxidase and thyroglobulin), and thyroid sonography (11). Graves’ disease was diagnosed
in the presence of one or more of the following features in a thyrotoxic patient: detectable thyroid antibodies in the serum; evidence
of ophthalmopathy and/or dermopathy; and diffuse and increased
thyroid radio-iodine uptake (12). Multinodular goiter was diagnosed on the basis of a clinical assessment, including physical
examination; ultrasound; fine-needle aspiration biopsy to exclude
malignancy; and serum TSH assay to assess thyroid function (13).
Patient follow-up and event assessment

All patients were assessed at 4- to 6-monthly intervals at the
outpatients clinic by the same dedicated staff, who recorded
clinical signs and symptoms of liver disease and extrahepatic
autoimmunity, and laboratory parameters including aspartate
aminotransferase, alanine aminotransferase, gamma-glutamyl
transferase, bilirubin, prothrombin time, alkaline phosphatase,
serum albumin, IgG, IgA, IgM, total cholesterol, platelet and leukocyte counts, and hemoglobin. Alpha-fetoprotein was assessed
every 6 months in patients with features of advanced disease.
Liver ultrasound was performed annually in patients in the precirrhotic stage, and every 6 months in those in histological stage
IV. From 1987 onwards, all patients were treated with ursodeoxycholic acid (UDCA) at a dose of 15 mg/kg/day. Only eight patients
with systemic lupus erythematosus (SLE) or rheumatoid arthritis
(RA) were treated with prednisolone or prednisone, tapered to a
maintenance dose of 7.5 mg/day. Patients with hepatitis B or C
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infections were excluded for the purposes of this study. Fatigue
was assessed in 339 subjects using the PBC-40 questionnaire, a
fully validated, PBC-specific multidomain tool assessing quality
of life (14); fatigue was scored on a 5-point scale (≤11=absent;
12–23=mild; 24–34=moderate; 35–45=severe; >45=extreme).
The mean follow-up was 126.9±91.7 months. The onset of major
complications during the follow-up was classified as follows: HCC
was diagnosed by ultrasound (US), computed tomography (CT),
or nuclear magnetic resonance imaging (NMRI), as appropriate;
ascites was identified clinically or by abdominal US; gastrointestinal bleeding due to portal hypertension was confirmed by endoscopy in cases of esophageal or gastric varices, or hypertensive
gastropathy; portal-systemic encephalopathy was established from
clinical parameters according to the West Haven criteria (15). The
study was approved by the local ethical committee and all participants gave their informed consent to the study.
Statistical analyses

Standard descriptive statistics were used to describe the sample’s
characteristics. The chi-squared test was used to test for differences in categorical variables between two independent groups,
as appropriate, and Student’s t-test was used for differences in
continuous variables between two independent groups. A logistic
regression analysis was run (with 95% confidence intervals). Survival was analyzed with Kaplan–Meier curves (Breslow Generalized Wilcoxon test), and Cox’s proportional model was applied in
order to determine the presence of independent risk factors that
may influence survival besides the presence of thyroid dysfunctions. A P value ≤0.05 was considered statistically significant. The
statistical analysis was conducted using SPSS software (Chicago,
IL, USA).

RESULTS
Table 1 shows the clinical characteristics of the study group.
The two series of patients had similar demographic and clinical
characteristics, except for smoking habit, with significantly more
smokers in Padova than in Barcelona (19.9 vs. 12.9%, P<0.05).
There were more patients in histological stage III in Padova than
in Barcelona (25.8 vs. 10.6%, P<0.05). There was no difference
between the two cohorts regarding the prevalence of decompensation events during the follow-up (ascites, variceal bleeding,
spontaneous bacterial peritonitis, hepatic encephalopathy, and
hepatocellular carcinoma).
Among the 921 PBC patients, 150 (16.3%) had an associated
TD, 117/921 (12.7%) with and 33/921 (3.6%) without an autoimmune etiology. No significant differences emerged between the
two cohorts regarding the presence of TD. Overall, 94 patients
(10.2%) had Hashimoto’s thyroiditis, 15 (1.6%) had Graves’ disease, 22 (2.4%) had multinodular goiters, 7 (0.8%) had thyroid
cancer, and 12 (1.3%) had other forms of TD. Autoimmune TD
was identified in 117 PBC patients (78% of the 150 patients with
associated TD), with a similar prevalence in the two cohorts (78.6
and 77.5% in Padova and Barcelona, respectively). Table 2 shows
the different types of TD in the study population and for the two
www.nature.com/ajg
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Characteristic

Padova

Barcelona

Total

P

M/F

25/351

42/503

67/854

n.s.

Mean age (years)

68±14

70±16

69±15

n.s

53.2±12.3

51.2±13.1

52.2±12.8

n.s

Mean age at diagnosis (years)
Mean FU (months)

115.2±85.6

135.0±94.9

126.9±91.7

n.s.

AMA+

307 (81.7%)

387 (87.6%)

694 (84.9%)

n.s

UDCA

352 (93.6%)

409 (92.5%)

761 (93%)

n.s.

Smoking

75 (19.9%)

57 (12.9%)

132 (16.1%)

<0.05

Alcohol >40 g/die

12 (3.08%)

19 (3.3%)

31 (3.3%)

n.s.

I

113 (30.1%)

251 (46.1%)

364 (39.5%)

n.s.

II

70 (18.6%)

110 (20.2%)

180 (19,5%)

n.s.

III

97 (25.8%)

58 (10.6%)

155 (16.8%)

<0.05

IV

29 (7.7%)

40 (7.3%)

69 (7.5%)

n.s.

Biopsy not performed

67 (17.8%)

86 (15.8%)

153 (16.6%)

n.s.

1.67±1.21

1.75±1.3

1.71±1.26

n.s.

Histological stage at diagnosis

Biochemical data at diagnosis
AST (×ULN)
ALT (×ULN)

1.87±1.45

2.18±1.79

2.05±1.67

n.s.

GGT (×ULN)

5.85±5.56

6.47±6.32

6.22±6.02

n.s.

ALP (×ULN)

2.47±2.3

2.51±2.17

2.49±2.22

n.s.

Bilirubin (mg/dl)

0.74±0.73

1.39±2.68

1.13±2.14

n.s.

PTL (×109/l)

241.94±85

238.88±92.02

240.1±89.23

n.s

Albumin (mg/dl)

41.42±5.91

41.6±4.85

41.52±5.31

n.s

IgG (mg/dl)

1524±577

1602±610

1597±608.23

n.s.

IgA (mg/dl)

306.63±130.3

315.6±237.73

315.13±233.3

n.s.

IgM (mg/dl)

353±179.89

498.52±591.66

489.16±575.1

n.s.

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AMA, antimitochondrial antibodies; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; Ig,
immunoglobulins; n.s., not signiﬁcant; PT, prothrombin time; PTL, platelets; UDCA, ursodeoxycholic acid; ULN, upper normal limit. Values are expressed as
mean±standard deviation of the total.

Table 2. Types of thyroid disease (TD) in 150 patients from
Padova and Barcelona
Thyroid disease type

Padova

Barcelona

Total

P

Hashimoto’s
thyroiditis

42 (60.0%)

52 (65.0%)

94 (62.7%)

n.s.

Graves’ disease

11 (15.7%)

4 (5.0%)

15 (10.0%)

P=0.03

Multinodular goiter

10 (14.3%)

12 (15.0%)

22 (14.7%)

n.s.

Thyroid cancer

6 8.6%)

1 (1.3%)

7 (4.7%)

P=0.03

Others

3 (4.3%)

9 (11.5%)

12 (8.0%)

n.s.

n.s., not signiﬁcant.

cohorts. The prevalence of the different types of TD was similar
in Padova and Barcelona, except for Graves’ disease and thyroid
cancer, which were both more common in the Padova cohort
© 2016 by the American College of Gastroenterology

(15.7 vs. 5.0%, and 8.6 vs. 1.3%, respectively; P<0.05). The
difference in the thyroid cancer rate between the two cohorts is
further discussed below. Among the 150 PBC patients with TD,
34 (22.6%) had been diagnosed with TD before their PBC was
diagnosed, whereas 116 (77.4%) developed TD during their
follow-up for PBC.
No differences emerged in the biochemical data between patients
with and without TD at the time of their PBC being diagnosed
(Table 3). Fatigue was recorded in 86 patients with associated TD
(57.3%), and in 410 patients without TD (53.2%); the difference
was not statistically significant. A sub-analysis on fatigue was performed in 339 patients in the Barcelona cohort, using the PBC-40,
a self-administered questionnaire validated for PBC. No differences emerged between patients with and without TD in terms of
the association with fatigue (either as a symptom per se, or classified by severity (data not shown). No differences were found
between PBC patients with or without TD regarding liver decomThe American Journal of GASTROENTEROLOGY
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pensation events or the onset of HCC during the follow-up. Liver
transplantation was performed in more patients in Barcelona than
in Padova (9.7 vs. 1.9%, P<0.001), but the presence of TD did not
significantly influence the indication for liver transplantation. TDs
were associated with AMA-negative significantly more than with
AMA-positive PBC patients (22.8 vs. 15.3%, P=0.04). As expected,
females had a higher frequency of TD than males (17.1 vs. 5.1%,
P=0.001). No significant differences in the rate of association with
TD were found for different histological stages of PBC on presentation. Elderly age (>65 years) was also unassociated with a greater
frequency of TD in our sample.
In both cohorts, in Padova and Barcelona, response to UDCA
was assessed after 1 year of therapy according to the following
criteria: Barcelona (16), Paris I (17), Paris II (18), and Rotterdam
(19). The rate of responders ranged between 67 and 83% (Table 4).
No significant difference in the response rate was found between
patients with and without associated TD (Table 4).
In our study population, 147 patients died during the follow-up,
66 (21.3%) in Padova and 81 (18.2%) in Barcelona (P=n.s.). The
mean global transplant-free survival rate was 314.4±9.2 months.
The mean transplant-free survival rate of PBC patients with and

Table 3. Biochemical data at diagnosis according to the presence
of thyroid disease (TD)
Variable

Patients with
TD (N. 150)

Patients without
TD (N. 771)

AST (×ULN)

1.71±1.2

1.67±1.24

n.s.

ALT (×ULN)

2.1±1.69

1.99±1.6

n.s.

without associated TD was 345.4±21.6 months, and 305.8±10.1
months, respectively; the difference was not significant (Figure 1).
Using Cox’s regression analysis, adjusted for sex and age,
survival was not influenced by any associated TD or another
extrahepatic autoimmune condition, SLE or scleroderma/CREST
or RA, smoking habit or alcohol consumption (>40 g/day), or
histological stage at diagnosis (Table 5). Survival was also similar
in patients with and without TD, irrespective of their response to
UDCA (P=n.s.)
The overall survival rate was similar in the two cohorts in Padova
and Barcelona, but when patients without TD were considered
separately, those in the Padova cohort had a significantly lower
survival rate than those in Barcelona (248.2±14.3 vs. 320.3±9.3
months, P=0.001).

DISCUSSION
The results of our study confirm that TD are often associated with
PBC, especially Hashimoto’s thyroiditis, which shares an autoimmune etiology with PBC. There were no substantial differences in
the prevalence–incidence of TD among PBC patients at the two
European centers investigated. More importantly, the presence
of TD in a PBC patient did not influence the rate of hepatic complications or response to UDCA treatment. Indeed, the clinical

P

GGT (×ULN)

6.04±6.07

5.98±5.8

n.s.

ALP (×ULN)

2.32±2.15

2.43±2.22

n.s.

Bilirubin (mg/dl)

1.08±2.51

1±1.89

n.s.

Albumin (mg/dl)

41.7±4.92

41.6±5.22

n.s.

PTL (×109/l)

246±86.11

237±90.11

n.s.

IgG (mg/dl)

1629±606.13

1539±581.23

n.s.

IgA (mg/dl)

284±155.56

304±255.37

n.s.

IgM (mg/dl)

465±306.48

447±635.67

n.s.

1.0

Cumulative survival
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ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; GGT, gamma-glutamyl transferase; Ig, immunoglobulins; n.s.,
not signiﬁcant; PTL, platelets; ULN, upper normal limit. Values are expressed as
mean±standard deviation of the total.
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0
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Figure 1. Kaplan–Meier curves for transplant-free survival in patients with
and without TD (Breslow generalized Wilcoxon test).

Table 4. Response to UDCA treatment according to the International criteria in patients with and without TD
Criteria

UDCA responders with TD

UDCA responders without TD

P value

OR (95% CI)

Barcelona

100 (67%)

497 (64%)

n.s.

1.1162 (0.7198–1.7308)

Paris I

105 (69%)

568 (74%)

n.s.

0.8258 (0.5423–1.2576)

Paris II

124 (83%)

525 (69%)

n.s.

0.8471 (0.5667–1.2664)

Rotterdam

121 (81%)

578 (75%)

n.s.

0.6088 (0.3425–1.0823)

n.s., not signiﬁcant.
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Table 5. Multivariate analysis for survival adjusted for sex and
age
P value

Exp (B)

95% CI for
exp (B)

Smoking

0.498

1.229

0.677–2.230

Alcohol consumption >40 g/day

0.615

0.849

0.449–1.607

Histological stage at diagnosis

0.606

1.046

0.883–1.238

Extrahepatic autoimmunity

0.840

1.043

0.694–1.568

Systemic lupus erithematosus

0.858

1.140

0.271–4.798

Scleroderma/CREST

0.975

1.011

0.494–2.072

Rheumatoid arthritis

0.379

0.684

0.294–1.594

Exp=hazard ratio.

characteristics and natural history of PBC were much the same
in the two cohorts, as demonstrated by the absence of significant
differences regarding histological stage at diagnosis (the only
exception being more patients in stage III in the Italian cohort);
biochemical data; response to UDCA; the association with other
extrahepatic autoimmune disorders; the occurrence of clinical
events; and survival. The cohort from Padova included fewer
patients who received a liver transplant, and there are several reasons for this difference, including the age cutoff for transplantation (which was strictly 60 years up until 2000), and the number
of patients dying on the waiting list.
The prevalence of TD is estimated to be higher in the PBC population than in the general population both in Italy and in Spain,
though no specific epidemiological data on autoimmune and nonautoimmune TDs have been published for these two European
countries to date. As expected, Hashimoto’s thyroiditis (HT) was
the most common TD in both cohorts (11.2% in Padova and 9.5%
in Barcelona). Two small studies reported a 3.5% prevalence of HT
in Spain (20), and 5% in Italy (21). It has been estimated that up
to 5% of the general population have autoimmune TD (22,23). In
the Whickham study, conducted in Northern England, the prevalence of spontaneous hypothyroidism from Hashimoto’s thyroiditis was 15/1,000 in women (who were diagnosed at a mean 57 years
of age), and less than 1/1,000 in men (22). In a 3-year survey of
1,457,036 inhabitants of a city in Sweden, the incidence of Graves’
disease (GD) was 24.5/100,000 a year, and the condition peaked
among those aged 30–39 years (24). To date, no published studies have reported on the prevalence of non-autoimmune thyroid
conditions in PBC.
The HT rate in our sample was similar to the prevalence previously reported in other PBC series from different geographical
areas (7,25,26), and in other autoimmune disorders as well. The
high prevalence of HT in autoimmune diseases, including PBC,
may reflect a common pathogenic mechanism targeting different
organs. In fact, the probability of a patient with PBC having another
autoimmune disorders is as high as 61.1% (2). On the other hand,
multinodular goiter showed an overall prevalence of 2.4% in the
PBC population, with no significant difference between Padova
© 2016 by the American College of Gastroenterology

and Barcelona. The rate of multinodular goiter in the general
population varies considerably by geographical area, depending
mainly on the population’s iodine intake. Both Padova and Barcelona are mildly iodine-deficient areas. The Whickham study found
a 5.9% prevalence of multinodular goiter in the UK (22).
We found a significant difference in the prevalence of GD
between the two centers considered (0.7% in Barcelona, 2.9% in
Padova; P<0.05). These figures are much the same as the prevalence
of GD in the general population in Spain, and slightly higher than
the 1.85% for the population at large in Italy (21). The prevalence
of thyroid cancer was also higher in the PBC cohort than in the
general population in Padova, confirming a previously reported
observation (27), whereas the prevalence of thyroid cancer in
the Barcelona cohort was negligible (0.2%). It may be that the
higher prevalence of thyroid cancer in the Italian cohort reflects
the geographical distribution of this neoplasm: Italy has one of
the highest incidences of thyroid cancer (19.6 per 100,000 person
years in females), whereas the incidence of this cancer in Spain
is more than halved (7.8 per 100,000 person years in females)
(28). These figures, drawn from the two countries’ national cancer
registries, suggest that thyroid cancer might have no correlation
with PBC.
Our study showed that an associated TD had no influence on
the natural history of PBC or on patient survival. When our two
cohorts were considered separately, the presence of TD correlated with a better survival for PBC patients in Padova, but not
in Barcelona, but the limited information available on the causes
of death prevented us from investigating this issue adequately.
It should be noticed that treatment with levothyroxine (used to
correct clinical hypothyroidism) significantly affects a patient’s
inflammatory profile, reducing the pro-inflammatory cytokines,
increasing IL-10 levels, and lowering serum IgG concentrations
(29,30). Levothyroxine therapy might therefore improve coronary microvascular function and thereby prevent cardiovascular
events (31–33).
The present study has some obvious limitations. In particular,
the study design suffers from some methodological bias: the database was collected on the grounds of the same criteria, and all
medical histories were checked by consulting patients’ medical
records concerning thyroid dysfunction, but this procedure was
not standardized. In addition, the lack of data on causes of death
should be considered a bias in our survival analysis.
In conclusion, TDs—and particularly HT—are often associated
with PBC, but do not influence the rate of hepatic complications or
the natural history of the latter disease.
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Study Highlights
WHAT IS CURRENT KNOWLEDGE

✓ Primary biliary cholangitis (PBC) is an autoimmune liver
disease with a 60% probability of being associated with
other extrahepatic autoimmune conditions.

✓ Thyroid diseases are often associated with autoimmune
conditions in women.

WHAT IS NEW HERE

✓ Associated thyroid dysfunctions are found in 16.3% of pa-

tients with PBC. Besides Hashimoto’s thyroiditis, clinicians
should check for Graves’ disease, non-autoimmune thyroid
diseases and thyroid cancer.

✓ Any associated thyroid diseases do not inﬂuence the rates

of hepatic complications or transplant-free survival in PBC
patients.

REFERENCES
1. Carey EJ, Ali AH, Lindor KD. Primary biliary cirrhosis. Lancet 2015;386:
1565–75.
2. Floreani A, Franceschet I, Cazzagon N et al. Extrahepatic autoimmune conditions associated with primary biliary cirrhosis. Clin Rev Allerg Immunol
2015;48:192–7.
3. Crowe JP, Christensen E, Butler J. Primary biliary cirrhosis: the prevalence
of hypothyroidism and its relationship to thyroid autoantibodies and sicca
syndrome. Gastroenterology 1980;78:1437–41.
4. Elta GH, Seperrsky RA, Goldberg MJ et al. Increased incidence of hypothyroidism in primary biliary cirrhosis. Dig Dis Sci 1982;28:971–5.
5. Silveira MG, Mendes FD, Diehl NN et al. Thyroid dysfunction in primary
biliary cirrhosis, primary sclerosing cholangitis and non-alcoholic fatty
liver disease. Liver Int 2009;29:1094–100.
6. Saarinen S, Olerup O, Broome U. Increased frequency of autoimmune
diseases in patients with primary sclerosing cholangitis. Am J Gastroenterol
2000;95:3195–9.
7. Teufel A, Weinmann A, Kahaly GJ et al. Concurrent autoimmune diseases in
patients with autoimmune hepatitis. J Clin Gastroenterol 2010;44:208–13.
8. Muratori P, Fabbri C, Lalanne C et al. Autoimmune liver disease and
concomitant extrahepatic autoimmune disease. Eur J Gastroenterol Hepatol
2015;27:1175–9.
9. Floreani A, Caroli D, Variola A et al. A 35-year follow-up of a large cohort
of patients with primary biliary cirrhosis seen at a single centre. Liver Int
2011;31:361–8.
10. Scheuer P. Primary biliary cirrhosis. Proc R Soc Med 1967;60:1257–60.
11. Caturegli P, De Remigis A, Rose NR. Hashimoto’s thyroiditis: clinical and
diagnostic criteria. Autoimmun Rev 2014;13:391–7.
12. Menconi F, Marcocci C, Marinò M. Diagnosis and classification of Graves’
disease. Autoimmun Rev 2014;13:398–402.
13. Bahn RS, Castro R. Approach to the patient with nontoxic multinodular
goitre. J Clin Endocrinol Metab 2011;96:1202–12.
14. Jacoby A, Rannard A, Buck D et al. Development, validation, and evaluation of the PBC-40, a disease-specific health-related quality of life measure
for primary biliary cirrhosis. Gut 2005;54:1622–9.

The American Journal of GASTROENTEROLOGY

15. Conn HO, Leevy CM, Vlahcevic ZR. Comparison of lactulose and neomycin in the treatment of chronic portal-systemic encephalopathy. A doubleblind controlled trial. Gastroenterology 1977;72:573–83.
16. Pares A, Caballeria L, Rodes J. Excellent long-term survival in patients with
primary biliary cirrhosis and biochemical response to ursodeoxycholic
acid. Gastroenterology 2006;130:715–20.
17. Corpechot C, Abenavoli , Rabahi N et al. Biochemical response to ursodeoxycholic acid and long-term prognosis in primary biliary cirrhosis.
Hepatology 2008;48:871–7.
18. Corpechot C, Chazouillères O, Poupon R. Early primary biliary cirrhosis:
biochemical response to treatment and prediction of long-term outcome.
J Hepatol 2011;55:1361–7.
19. Kuiper EM, Hansen BE, de Vries RA et al. Improved prognosis of patients
with primary biliary cirrhosis that have a biochemical response to ursodeoxycholic acid. Gastroenterology 2009;136:1281–7.
20. Ginestar Morant C, Criado-Álvarez JJ, García-Pina R et al. Estimación
de la prevalencia de hipotiroidismo en España a partir del consumo de
hormonas tiroideas (1996-1999). Revista Española de Salud Pública
2001;75:337–44.
21. Campo S, Cricelli C, Lapi F et al. La patologia tiroidea nella Medicina
Generale Italiana. Studio epidemiologico e considerazioni sul management clinico del paziente. Rivista Società italiana di Medicina Generale
2013;5:7–11.
22. Tunbridge WM, Evered DC, Hall R et al. The spectrum of thyroid
disease in a community: the Whickham survey. Clin Endocrinol (Oxf)
1977;7:481–9.
23. Hollowell JG, Staehling NW, Flanders WD et al. Serum TSH, T(4), and
thyroid antibodies in the United States population (1988 to 1994). National
Health and Nutrition Examination Survey (NHANES III). J Endocrinol
Metab 2002;87:489–99.
24. Abraham-Nordling M, Torring O, Lantz M et al. Incidence of hyperthyroidism in Stockholm, Sweden, 2003-2005. Eur J Endocrinol 2008;158:
823–7.
25. Boberg KM, Chapman RW, Hirschfield GM et al. Overlap syndromes: the
International Autoimmune Hepatitis Group (IAIHG) position statement on
a controversial issue. J Hepatol 2011;54:374–85.
26. Trivedi PJ, Hirschfield GM. Review article: overlap syndromes and autoimmune liver disease. Aliment Pharmacol Ther 2012;36:517–33.
27. Floreani A, Spinazzè A, Caballeria L et al. Extrahepatic malignancies in
primary biliary cirrhosis: a comparative study at two European centers.
Clin Rev Allergy Immunol 2015;48:254–62.
28. Malandrino P, Scollo C, Marturano I et al. Descriptive epidemiology of human thyroid cancer: experience from a regional registry and the “volcanic
factor”. Front Endocrinol 2013;4:65.
29. Marchiori RC, Pereira LAF, Naujorks AA et al. Improvement of blood
inflammatory marker levels in patients with hypothyroidism under levothyroxine treatment. BMC Endocr Disord 2015;15:32.
30. Yamauki K, Yamada T, Sato A et al. Elevation of serum immunoglobulin G
in Hashimoto’s thyroiditis and decrease after treatment with L-thyroxine in
hypothyroid patients. Intern Med 2010;49:267–71.
31. Dal Cin C, Tona F, Osto E. Coronary microvascular function and beyond:
the crosstalk between hormones, cytokines, and neurotransmitters. Int J
Endocrinol 2015;2015:312848.
32. Traub-Weidinger T, Graf S, Beheshti M et al. Coronary vasoreactivity in
subjects with thyroid autoimmunity and subclinical hypothyroidism before
and after supplementation with thyroxine. Thyroid 2012;22:245–51.
33. Oflaz H, Kurt R, Sen F et al. Coronary flow reserve after L-thyroxine
therapy in Hashimoto’s thyroiditis patients with subclinical and overt hypothyroidism. Endocrine 2007;32:264–70.

www.nature.com/ajg

