
Abstract. Background/Aim: Clinical and subclinical
hypothyroidism is more common in patients with end-stage
renal disease (ESRD) than in the general population. Patients
with ESRD with hypothyroidism are more susceptible to
cardiovascular disease, with an increased risk of mortality
than those with normal thyroid function. Moreover, these
patients have higher incidence of benign and malignant
nodules. Patients and Methods: This was a retrospective
study on 2,147 patients with ESRD on the renal transplant
waiting list between 2000 and 2015 aimed at identifying the
presence of hypothyroidism and associated variables. Results:
Hypothyroidism was detected in 437/2,147 (20.3%) patients,
289 of them having the subclinical form. Cardiovascular
disease and older age were significantly associated with
hypothyroidism, and autosomal polycystic kidney disease was
correlated to goiter (p<0.001). Conclusion: Thyroid
abnormalities, particularly hypothyroidism with nodules,
should be investigated in patients with ESRD on a waiting list
for renal transplant to control cardiovascular complications
and cancer risk.

Hypothyroidism is the most common disorder arising from
thyroid hormone deficiency (1). Subclinical hypothyroidism
is defined by a high serum concentration of thyroid-

stimulating hormone (TSH) with normal levels of free
triiodothyronine (FT3) and tetraiodothyronine (FT4). Clinical
and subclinical hypothyroidism is more common in patients
with end-stage renal disease (ESRD) than in healthy
individuals (2, 3), with a prevalence of 3-5% and 15-25%,
respectively versus 5-10% of all forms of hypothyroidism in
the general population (5, 6). In addition, the prevalence of
hypothyroidism, especially the subclinical form, is increased
in patients with lower estimated glomerular filtration rate
(eGFR) (6). To date, no studies have demonstrated any
nephropathy predisposing to the development of thyroid
abnormalities, and the specific mechanism linking ESRD and
thyroid dysfunction remains unknown (7). However, in renal
patients, thyroid abnormalities are associated with an
increased risk of cardiovascular complications with higher
associated mortality as well as all-cause mortality. In
particular, changes in myocardial systo/diastolic contractility,
blood pressure (8, 9) and peripheral vascular resistance were
detected together with an inhibition of vasodilator factors (10).

There is a substantial body of evidence to indicate the
relationship between hypothyroidism and high incidence of
vascular, valvular and coronary artery calcification (11-13). Low
thyroid hormone levels (i.e. T3) have been associated with
adverse cardiovascular sequelae in patients with chronic kidney
disease and ESRD (8), but the underlying pathway involved
remains largely unknown. It has been hypothesized that kidney
disease may predispose to derangements of thyroid hormones
due to nonthyroidal illness, malnutrition, inflammation, iodine
retention, metabolic acidosis, medications, mineral deficiencies
(e.g. selenium) and exposure to dialytic procedures (i.e.
peritoneal effluent losses) (1, 8, 14, 15).

Vitamin D deficiency, a highly prevalent condition in
patients with chronic kidney disease, whatever the degree of
renal impairment, might play a role in thyroid disorders.
Most of the biological actions of vitamin D are mediated by
its binding to the nuclear vitamin D receptor and the
activation of vitamin D receptor-responsive genes (16).
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Moreover, polymorphisms of vitamin D receptor gene have
been found to affect susceptibly to autoimmune thyroid
diseases (17-19). 

Thyroid dysfunction can be correlated to the presence of
structural abnormalities of the thyroid gland (diffuse goiter,
multinodular goiter or single thyroid nodule). These changes
may result from functional abnormalities or neoplasm. In
patients with ESRD, benign and malign nodules are more
common than in the general population (20-22).

This work was undertaken to investigate the spectrum of
functional thyroid abnormalities and their possible
associations with structural abnormalities of the thyroid
gland and with clinical variables in a population of patients
with ESRD on the kidney transplant waiting list.

Materials and Methods

Patients. From January 2000 to December 2015, this study included
a cohort of 2,147 adult patients with ESRD (1,365 males, 782
females; age=54.7±12.3 years) on the waiting list for deceased
donor renal transplant at our Kidney Transplantation Center. 

Exclusion criteria were previous thyroid disorders, age <18 years,
experience of thyroid dysfunction in the course of a critical clinical
condition or sepsis, or non-thyroidal illness syndrome, therapy with
amiodarone, propanolol or lithium, and thyroid dysfunction during
pregnancy. The study also excluded those with colloid cysts,
considering the following nodular lesions: one or more hypoechoic
adenomatous nodules (not goiter); adenomatous goiter; primary
thyroid carcinoma (papillary, follicular, medullar, undifferentiated);
nodular lesions >5 mm or nodules with malignant features
diagnosed through fine-needle aspiration cytology.

The following general, anthropometric and clinical parameters
were recorded to detect any associations with functional and
structural thyroid abnormalities: gender, age, body mass index
(BMI), primary causes of ESRD, type of treatment (hemodialysis
vs. peritoneal dialysis or conservative therapy for pre-emptive
transplantation), dialysis duration, time on waiting list,
cardiovascular events (acute myocardical infarction or ischemic
stroke, prior or during waiting time for transplant), presence of
extra-thyroidal tumors, panel reactive antibody levels. 

The co-presence of one or more thyroid-associated abnormalities
was investigated to assess possible associations with one or more of
the following clinical conditions: hypothyroidism/hyperthyroidism,
autoimmune thyroiditis (AT), benign thyroid nodules, goiter or
thyroid carcinoma.

We then compared the demographic and clinical characteristics
between 437 ESRD patients with hypothyroidism, 24 with
hyperthyroidism, and a control group consisting of 1,686 patients
with ESRD with a normal thyroid function and without nodules. 

The study was carried out in conformity with the Declaration of
Helsinki. Due to its retrospective nature, registration or approval by
the Ethics Committee was waived. Data were extracted from the
patients’ electronic medical records and the personal patient-
identifying information was removed before analysis, in compliance
with Italian Privacy Legislation (n. 196/2003).

Laboratory assays and definition of thyroid disease. A venipuncture
blood sample was collected from each patient and serum TSH, FT4

and FT3 levels were assayed using an automated method
(IMMUNOLITE 2000 analyzer; SIEMENS-DPC, Erlangen,
Germany). 

The diagnosis of hypothyroidism was based on the detection of
serum TSH levels above 3 mU/l, associated with reduced FT3/FT4
ratio, while the subclinical form was defined by suppression of TSH
level with normal levels of FT3 and FT4.

To identify AT, the autoantibody profile was assessed by dosing
anti-thyroperoxidase and anti-thyroglobulin (23, 24).
In addition to routine tests, the patients underwent ultrasound study
of thyroid gland to rule out any nodules being associated with high-
risk features. 

Statistical analysis. Data are expressed as means±standard deviation
for continuous variables, and percentage and absolute numbers for
categorical variables. Statistical differences in the continuous
variables were computed using the Student’s t-test or the non-
parametric Mann–Whitney U-test or two-way analysis of variance
(ANOVA) followed by Bonferroni post-hoc test. Chi-square test was
used in evaluation of the categorical variables. A p-value below 0.05
was considered as significant and all the statistical analyses were
performed using SPSS (Statistical Package for Social Sciences,
Chicago, IL, USA) for Windows version 16.0.

Results 
Baseline data. This study evaluated 2,147 patients (1,365
males, 782 females) with ESRD on the waiting list for
kidney transplant: 1,832 (85.3%) were on the waiting list for
their first kidney transplant, 295 (13.8%) for their second,
and 20 (0.9%) for their third. Among them, 1376 patients
(80.9%) were under hemodialysis treatment, 405 (18.8%)
under peritoneal dialysis and six (0.3%) were candidates for
pre-emptive kidney transplant under conservative therapy.
The mean patient age was 54.7±12.3 years, ranging from 18
to 83 years. The mean waiting time on the list was
895.3±778.1 days (for those patients waiting for second and
third transplant, the time from restarting dialysis after
previous transplant failure was considered). The mean time
on dialysis was 480.2±780.4 days.

The main primary cause of ESRD leading to kidney
transplant were undiagnosed nephropathy in 30.5%,
autosomal-dominant polycystic kidney disease in ADPKD in
20.1%, histologically diagnosed glomerulonephritis in 17.3%,
hypertensive nephrosclerosis in 10.1%, tubulointerstitial
nephropathy in 9.6%, other hereditary kidney disease in
4.6%, diabetic nephropathy in 3.2%, vasculitis in 2.2%, lupus
nephropathy in 1.5% and other kidney diseases in 0.9%. 

The results of laboratory tests showed that 461 (21.5%)
patients had a thyroid abnormality: 437 (20.3%) of them
hypothyroidism (13.5% subclinical, 6.8% clinical), and 24
(1.1%) hyperthyroidism (0.8 % subclinical, 0.3% clinical).

Analysis of parameters after stratification for functional and
structural thyroid abnormalities. Table I shows the
demographic and clinical features of the total population of
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2,147 patients with ESRD, divided into patients with
euthyroidism (n=1,686), patients with hypothyroidism
(n=437), and patients with hyperthyroidism (n=24). The
comparisons across the three groups revealed that female
sex, age, time on waiting list, a previous history of
cardiovascular events and of cancer were significantly
associated with functional thyroid abnormalities (Table I).

We then focused the analysis on the group of 437 patients
with hypothyroidism. Among them, 66 patients (3.1%) had
AT, with a higher frequency of females (99.0% vs. 93.2%,
respectively; p<0.001). Patients with AT were significantly
younger (49.3±12.5 vs. 54.9±12.3; p=0.001) and had a lower
BMI (22.3±3.2 vs. 24.4±3.7 kg/m2; p<0.001). Moreover, the
occurrence of at least one cardiovascular event was found to
be less common in patients with thyroid autoantibodies than
in those without AT (no cardiovascular event 3.4% vs.
96.6%; one or more cardiovascular event 0.5% vs. 99.5%;
p=0.022). 

The analysis of structural thyroid abnormalities in patients
with hypothyroidism revealed that 200/437 (45.8%) had a
nodular disease, and in particular 120 out of 200 (60%) had
a single benign thyroid nodule, 53 (26.5%) had a goiter and
27 (13.5%) a neoplasm. 

Moreover, the 437 patients with hypothyroidism were
significantly older than the euthyroid controls, regardless of the
presence or not of a nodule (hypothyroidism with nodular
disease vs. hypothyroidism without nodular disease vs.
euthyroid controls: 58.1±12.5 vs. 57.1±11.5 vs. 54.0±12.4
years; p<0.001), had a longer time on waiting list (hypothyroid
vs. euthyroid controls: 1092.4±874.0 vs. 865.1±755.0 days;

p=0.002), higher panel reactive antibody percentage
(hypothyroid vs. euthyroid controls: 16.2±25.9% vs.
13.1±23.9%; p=0.018), higher incidence of previous extra-
thyroidal cancer (hypothyroidism with nodular disease vs.
hypothyroid without nodular disease vs. euthyroid controls:
5.1% vs. 8.5% vs. 2.1%; p<0.001). The occurrence of at least
one cardiovascular event was statistically associated with
hypothyroidism, particularly in the presence of nodules
(hypothyroidism with nodular disease vs. hypothyroidism
without nodular disease vs. euthyroid controls: 35.9% vs.
24.0% vs. 4.3%; p<0.001). Finally, we found a statistically
significant association with female gender (female
hypothyroidism with nodular disease vs. female
hypothyroidism without nodular disease vs. female euthyroid
controls: 30.4% vs. 49.0% vs. 35.5%; p<0.001), and autosomal
dominant polycystic kidney disease (ADPKD) as primary
cause of ESRD (ADPKD hypothyroid with nodular disease vs.
ADPKD hypothyroid without nodular disease vs. euthyroid
controls: 15.6% vs. 37.0% vs. 18.7%; p<0.001). In this last
subgroup of hypothyroidic patients with ADPKD as primary
nephropathy, the main structural abnormality of the thyroid
gland was goiter (41.5%).

Lastly, the whole patient population was divided
according to the co-presence of the following three clinical
risk conditions: Risk 1: defined by the presence of
hypothyroidism or hyperthyroidism; risk 2: defined by the
presence of an AT; risk 3: defined by the presence of a
nodule (benign or carcinoma). We compared patients with
risk 1 and 2 and risk 1-3 with a control group of patients
with ESRD without any risk.
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Table I. Demographic and clinical parameters in patients with euthyroidism (n=1686), hypothyroidism (n=437), and hyperthycroidism (n=24). Data
are given as means±standard deviation (SD) for continuous variables, and absolute numbers with percentage in brackets for categorical variables.
Statistical differences were computed using two-way analysis of variance followed by Bonferroni post-hoc test. 

                                                           Euthyroidism                  Hypothyroidism                   Hyperthyroidism                 p-Value                   Post-hoc
                                                           (n=1,686) (A)                      (n=437) (B)                            (n=24) (C)                                                          test

Gender (female)                                    598 (35.5)                         170 (38.9%)                           14 (58.3%)                        0.033                     A, B<C
Age, years                                             54.0±12.3                          57.65±12.0                              52.8±9.8                         <0.001                    A, C<B
BMI, kg/m2                                            24.3±3.8                             24.4±3.7                                24.5±4.6                          0.863                            
Time on dialysis, months                     15.8±26.4                           16.9±28.5                              14.2±22.1                         0.707                            
Type of treatment
   Hemodialysis                                 1,366 (81.0%)                      351 (80.3%)                           19 (79.2%)
   Peritoneal dialysis                           316 (18.7%)                        84 (19.2%)                             5 (20.8%)                         0.992                            
   Pre-emptive                                         4 (0.2%)                             2 (0.5%)                                  0 (0%)                                
Days on waiting list                           896.3±776.63                      881.8±787.4                         1,062.1±983.2                    <0.001                    A, B<C
Maximum PRA, %                              13.3±24.4                           14.6±25.3                              13.7±17.9                         0.614                            
Cardiovascular disease
   None                                               1,613 (95.7%)                      304 (69.6%)                           20 (83.3%)                       <0.001                    B<C<A
   One or more                                       73 (4.3%)                         133 (30.4%)                            4 (16.7%)                             
History of cancer                                 42 (2.52%)                          21 (4.5%)                              1 (4.16%)                        <0.001                    A<B, C

BMI, Body mass index; PRA, panel reactive antibody. 



Tables II and III show that female gender and the
occurrence of cardiovascular events were more frequent in
patients with hypothyroidism/hyperthyroidism and AT (risk
1 and 2) or with hypothyroidism/hyperthyroidism, AT and
benign nodules, goiter or thyroid cancer (risk 1-3) compared
to those without any risk.

Discussion

The link between kidney and thyroid function has been well
known for many years (25-26). Hypothyroidism may affect
renal function through direct (glomerular and tubular
changes) and indirect (hemodynamic changes) mechanisms
(27). In spite of the continuous improvement of dialysis
technology and pharmacological treatments for ESRD, the
impact of thyroid abnormalities on cardiovascular morbidity
and mortality in renal patients has progressively emerged
over the past decade (8, 28). The presence of hypothyroidism
results in increased cardiovascular risk in patients with
ESRD on a kidney transplant waiting list, a population with
several cardiovascular risk factors (8, 26). Moreover, after
transplant, cardiovascular immunosuppressive therapy exerts
a detrimental effect on many cardiovascular risk factors and
might further exacerbate cardiovascular risk (29, 30).

Our study evaluated functional thyroid abnormalities, in
particularly hypothyroidism in a large cohort of adult Italian
patients with ESRD waiting for kidney transplantation with
a special emphasis on association with cardiovascular events.
Here, subclinical hypothyroidism was identified by a TSH
value >3 mU/l with normal FT3/FT4 ratio. The target TSH
level in dialysis patients is not well defined. Some studies
suggest a range between 2.5 and 3.0 mU/l, while some others

support the hypothesis that this value should be correlated
with age/race/ethnic group parameters (31, 32). In our study,
21.4% of patients had abnormal values of laboratory tests
indicating thyroid disorders, more commonly hypothyroidism.
This finding is in line with previous evidence describing
lower levels of total and FT3 in hemodialysis patients
compared to the general population (3-7). On the other hand,
hyperthyroidism was found in a low percentage of our cohort
of patients with ESRD. However both hypothyroidism and
hyperthyroidism were associated with a major cardiovascular
event, and also with the presence of extra-thyroidal cancer.
Female gender was a further risk factor for hyperthyroidism,
while advanced age and ADPK were correlated with
hypothyroidism.

We also analyzed hypothyroid patients with structural
thyroidal abnormalities based on the presence or not of
nodular disease (single benign thyroid nodule, goiter or
neoplasia). Our results show that these patients have a higher
incidence of cardiovascular events and neoplasm compared
to those without structural thyroid abnormalities. The
likelihood for a patient with hypothyroidism to receive a
transplant appears to be reduced, as confirmed by our finding
of longer waiting times on the transplant list. In this
framework, we also found that the higher panel reactive
antibody percentage represents a further unfavorable factor
for their eligibility for transplant.

In our patients, hypothyroidism was found to be
associated with ADPKD, and the main structural abnormality
of thyroid gland was goiter. Although poor data are available
about the correlation of thyroid abnormalities and ADPKD,
a retrospective study by Ha et al. reported thyroid cysts in
6.7% of their series of 30 patients with ADPKD, attributing
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Table III. Comparisons for the main general and clinical features between
patients of all risk groups and patients with no risk according to gender,
type of treatment prior to kidney transplantation and occurrence of
cardiovascular events. Risk 1: defined by the presence of hypothyroidism
or hyperthyroidism; risk 2, defined by the presence of autoimmune
thyroiditis. risk 3, defined by the presence of a nodule, benign or
carcinoma. Data are given as absolute numbers with percentage in
brackets, and the statistical differences were computed the Chi-square test. 

                                              Risk 1+2+3             No risk           p-Value
                                                 (n=964)               (n=1,183)

Gender (female)                   400 (41.5%)         382 (32.3%)        <0.001
Type of treatment
   Hemodialysis                    784 (81.3%)         952 (80.5%)
   Peritoneal dialysis             177 (18.4%)         228 (19.3%)         0.841
   Pre-emptive                         3 (0.31%)             3 (0.25%)
Cardiovascular disease
   One or more                      166 (17.2%)           44 (3.7%)          <0.001

Table II. Comparisons for the main general and clinical features
between patients of risk groups 1 and 2 and patients with no risk
according to gender, type of treatment prior to kidney transplantation
and occurrence of cardiovascular events. Risk 1: defined by the
presence of hypothyroidism or hyperthyroidism; risk 2, defined by the
presence of autoimmune thyroiditis. Data are given as absolute numbers
with percentage in brackets, and the statistical differences were
computed the Chi-square test.

                                                Risk 1+2                No risk           p-Value
                                                 (n=481)               (n=1,666)

Gender (female)                   200 (41.6%)         582 (34.9%)         0.008
Type of treatment
   Hemodialysis                    381 (79.2%)        1355 (81.3%)
   Peritoneal dialysis              98 (20.4%)          307 (18.4%)         0.504
   Pre-emptive                          2 (0.4%)               4 (0.2%)                 
Cardiovascular diseases
   One or more                      137 (28.5%)            73 (4.3)            <0.001



this finding to extra-kidney manifestation (33). Our study did
not include cysts, but 41.5% of our patients with ADPKD
had goiter. In view of these findings, thyroid nodules should
be ruled out in patients with ADPKD. 

Laboratory and instrumental data to evaluate thyroid
function should be kept under consideration in patients with
ESRD on a kidney transplant waiting list, especially
hypothyroid patients with nodules who are at higher risk of
cardiovascular complications and cancer and who should
receive stricter monitoring. 
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