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Abstract

Background: Primary aldosteronism (PA) is the most common form of endocrine hypertension, in which a
higher rate of cardiovascular complications has been described. On the other hand the association with
thyroid disease has been rarely explored. Aim of the study. To investigate the relationship between PA and
thyroid pathology, focusing on nodular goiter, in patients with PA and controls with essential hypertension
(EH).

Methods: We investigated 93 patients with PA (40 with aldosterone producing adenoma (APA), 51 with
idiopathic hyperaldosteronism (IHA) and 2 undetermined cases). Plasma renin activity (ng/ml/h) and serum
aldosterone (pmol/l) were measured by radioimmunoassay. Thyroid ultrasonography was performed using
Toshiba ECCOCEE, SSA - 340A and 10 MHz linear transducer.

Results: Patients with PA and controls with EH had similar levels of TSH. Patients with EH had significantly
higher levels of total cholesterol compared to patients with PA (p=0.028). Over 50% of patients in both
groups presented with metabolic syndrome, (54.8% in PA vs 54.4 in EH, p=0.957). There was no statistical
significant difference between the prevalence of nodular goiter in PA and EH, although thyroid nodules were
found more often in patients with PA (58% vs 47%, p=0.142). There were no significant differences in age,
BMI, gender, HDL-cholesterol and fasting blood glucose between APA and IHA. Triglycerides were higher in
IHA compared to APA (p=0.017).

Conclusion: Our study reported a high prevalence of nodular goiter in patients with PA and controls with
EH. Thyroid nodules were diagnosed more often in patients with PA than in EH although the difference didn’t
reach statistical significance. Based on the possible relation with the presence of the metabolic syndrome in
these patients, screening for thyroid nodules and thyroid dysfunction will be reasonable.

Keywords: primary aldosteronism, nodular goiter, metabolic syndrome, thyroid dysfunction, endocrine
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1. INTRODUCTION of multiple endocrine neoplasia type 1 (MEN1)
in combination with parathyroid adenoma, a
prolactinoma, and a toxic multinodular goiter
[7]. Later on several other cases of MENL1
including PA as a component were described [8-
10]. Recently, we published a case of a female

Primary aldosteronism (PA) has been
considered a rare cause of hypertension,
however recent studies have shown a higher
prevalence, ranging between 5-20 % among
hypertensive patients [1, 2]. Moreover, a hlgh?r acromegalic patient harbouring Conn’s adenoma
frequency of cardiovascular and metabolic [11]

complications was demonstrated in PA '

compared to patients with essential hypertension On the other hand only a few studies have
[3, 4]. Although PA is the most common form explored the association between PA and
of endocrine  hypertension reports  of  thyroid disease, which is one of the most

associations between PA and other endocrine  frequent endocrine disorders. Therefore, the aim
pathologies are scarce. The association between of our study was to investigate the relationship

PA and diabetes is the only one extensively between PA and thyroid pathology, focusing on

studied and it is still an unresolved issue [5, 6]. ] ) ’ .
More than 20 years ago Beckers et al described ~ nodular goiter, in a group of patients with PA

aldosterone-secreting adrenal adenoma as part ~ @nd controls with essential hypertension (EH).

ARC Journal of Diabetes and Endocrinology Page |1



Thyroid Abnormalities in Primary Aldosteronism

2. PATIENTS AND METHODS
2.1. Study Population

The study population consisted of 93 patients
with PA (40 with aldosterone producing
adenoma  (APA), 51 with idiopathic
hyperaldosteronism (IHA) and 2 undetermined
cases). We made a retrospective analysis of our
database and we investigated cases, referred to
the Clinical Centre of Endocrinology in Sofia
between 2002-2016. Patients are referred to this
centre for investigation of endocrine causes of
hypertension. The diagnosis of PA was
established using the following algorithm:
medications that can interfere with aldosterone
and renin  measurements  (beta-blockers,
diuretics, angiotensin Il receptor blockers,
angiotensin-converting enzyme inhibitors) were
discontinued for at least 7-10 days, and
spironolactone was stopped for at least 45 days
prior to blood sampling. Centrally acting
medicaments  (Moxonodine,  Rilmenidine),
alpha-blockers, calcium channel blockers, were
used for treating hypertension. Blood samples
for plasma renin activity (PRA) and aldosterone
were taken in the morning between 8-10 h a.m.,
after the patient had been in sitting position for
30 minutes. The aldosterone-to-renin (ARR)
was then calculated and in patients with high
ARR (above 750 pmol/l per ng/ml/h) and
aldosterone above 416 pmol/l a confirmatory
Captopril test was performed. The diagnosis of
PA was considered if the aldosterone was> 330
pmol/l after the oral administration of 50 mg of
Captopril, while the patient has been sitting for
90 minutes [12]. In all hypertensive subjects
other secondary forms of hypertension except
PA were ruled out by means of complete
medical history, physical examination, and
appropriate biochemical and hormonal tests and
imaging studies. Among them 91 controls with
EH had been selected. The presence of
metabolic syndrome was estimated according to
the definition of the International Diabetes
Federation. All subjects were studied after
signing a written informed consent form
according to a protocol approved by the Ethics
Committee of the University Hospital of
Endocrinology, Sofia.

2.2.Laboratory Assays

Plasma renin activity (ng/ml/h) was determined
by quantitative determination of angiotensin |
using a commercially available
radioimmunoassay (DiaSorin S.p.A., Saluggia
(VC), Iltaly). Serum aldosterone (pmol/l) was
measured by radioimmunoassay (Immunotech,
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Beckman Coulter Company, Marseille, France).
The analytical sensitivity of the method was
0.20 ng/ml, inter-assay CV 7.5%, respectively
and intra-assay CV 5.4%.

The cross reactivity with heptapeptide,
angiotensin 1l, and hexapeptide was below
0.02%. We elaborated our own reference range
for PRA in sitting position (0.3-3.5 ng/ml/h)
[12]. In cases when PRA was <0.3 ng/ml/h or
undetectable it was set at 0.3 ng/ml/h. Serum
glucose was measured using enzymatic
reference method with hexokinase (Cobas
Integra, Roche diagnostics). Serum TSH was
measured by  immunoradiometric  assay
(THERMO scientific/BRAHMS, Germany),
with reference ranges of 0.3-4.0 mlU/l. The
sensitivity was 0.02 mIU/I, with intra- and inter-
assay coefficients of variation of 2.5% and 4.1%
respectively.

The inter-assay (QC Low and QC High) was
calculated, using mean analytic value of all
plates according to the formula: CV (%) =
standard deviation / mean value of analytic *
100, which corresponds to IFCC protocol.
According to generally accepted quality criteria
cited above, CV% for interand intra-assay was
acceptable, which ensured the reliability of the
results.

2.3. Thyroid Ultrasonography

In all participants thyroid ultrasonography was
performed by the same physician, with Toshiba
ECCOCEE, SSA - 340A and 10 MHz linear
transducer. Thyroid volume was calculated as a
sum of both lobes and the isthmus, using the
formula for ellipsoid (m/6. a.b.c), where a is the
longitudinal, b is the transversal and c is the
antero-posterior diameter. The presence of
nodule/s >5mm/diameter was determined as
nodular goiter.

3. STATISTICAL ANALYSIS

Statistical analysis was performed using SPSS
20.0 for Windows (Chicago, Illinois, USA). The
level of statistical significance was set at 0.05.
Data distribution normality was tested with
Kolmogorov-Smirnov test. Gaussian-distributed
data are shown as mean £ SD. Student’s t-test
for independent samples was used for
comparing the equality of means for two groups.
Mann-Whiney test was used to compare not
normally distributed data. Categorical data were
compared by y2 test.
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4. RESULTS

The baseline demographic and metabolic
characteristics of patients with PA and essential
hypertension (EH) are shown in Table 1. There
were no significant differences in age, gender,
fasting blood glucose, triglycerides and HDL
cholesterol levels between the two groups.
Patients with PA and controls with EH had
similar levels of TSH. Patients with EH had
significantly higher levels of total cholesterol

compared to patients with PA (p=0.028). A
tendency of higher BMI and fasting blood
glucose was observed in PA patients. Over 50%
of patients in both groups presented with
metabolic syndrome.

Morphological and functional alterations of
thyroid gland in patients with PA and EH are
shown in Table 2. There was no statistical
significant difference between the prevalence of
nodular goiter in PA and EH (Fig.1).

Tablel. Baseline Characteristics of patients with primary aldosteronism (PA) and essential hypertension (EH)

PA, n=93 EH, n=91 p
Men, (%) 39/93 (41.9) 27/91 (29.7) 0.083
Age,y 53.83 £10.34 52.35+11.16 0.347
BMI, kg/m? 29.33£5.51 28.63 +8.68 0.540
Fasting blood glucose, mmol/l 5.97+1.49 5.6 £1.54 0.106
Total cholesterol, mmol/l 5.2 £0.96 5.52+ 0.95 0.028
Triglycerides, mmol/| 1.56+ 0.93 1.66 £1.06 0.537
HDL cholesterol, mmol/l 1.26 £0.36 1.19 +0.33 0.244
TSH, mIU/I 1.67 £1.3 2.05 £1.96 0.138
Metabolic syndrome, (%) 51/93 (54.8) 49/90 (54.4) 0.957

PA- primary aldosteronism, n- number of patients, y-years, TSH- thyroid stimulating hormone
Table2. Morphological and functional alterations of thyroid gland in patients with primary aldosteronism (PA)

and essential hypertension (EH)

PA, n=93 EH, n=91
Morphological alterations
Nodular Goiter, (%) 54/93 (58.06) 43/91 (47.25)
e Multinodular goiter 36/54 (66.67) 37/43 (86.05)
e Solitary Nodule 18/54 (33.33) 6/43 (13.95)
Hashimoto’s thyroiditis, (%) 19/93 (20.43) 23/91 (25.27)
Thyroid cancer, (%) 1/93 (1.08) -
Functional alterations
Hyperthyroidism 5/93 (5.38) 2/91 (2.2)
e  Graves diseases, (%) 3/93 (3.23) 1/91 (1.1)
e  Toxic nodular goiter, (%) 2/93 (2.15) 1/91 (1.1)
Hypothyroidism 11/93 (11.83) 9/91 (9.89)
e  Without treatment (Hashimoto’s thyroiditis) 3/93 (3.23) -
e  Treatment with levothyroxine 8/93 (8.6) 11/91 (12.09)
o Hashimoto’s thyroiditis 6/93 (6.45) 9/91 (9.89)
o Postoperative hypothyroidism 2/93 (2.15) 2/91 (2.2)

PA- primary aldosteronism, EH- essential hypertension

B Nodular goiter

No nodules

PA

53%

p=0.142

EH

Figurel. Comparison between prevalence of nodular goiter in primary aldosteronism (PA) and essential

hypertension (EH)
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Baseline characteristics of patients with
aldosterone-producing adenoma (APA) and
idiopathic hyperplasia (IHA) are shown in Table
3. There were no significant differences in age,
BMI, gender, HDL-cholesterol and fasting
blood glucose between the two groups.
Triglycerides were higher in IHA compared to

APA (p=0.017). Patients with IHA and APA
had similar levels of TSH. Although thyroid
nodules were found more often in patients with
APA, there was no difference between the
prevalence of nodular goiter in IHA and APA

(Fig.2).

Table3. Baseline characteristics of patients with aldosterone-producing adenoma (APA) and idiopathic

hyperplasia (IHA)

APA, n=40 IHA, n=51 p
Men, (%) 10/40 (25) 27/51 (52.9) 0.045
Age, y 51.85+11.97 55.04 +8.96 0.150
BMI, kg/m? 28.53+4.91 29.60+5.39 0.374
Fasting blood glucose, mmol/l 5.91+1.44 5.95+1.33 0.900
Total cholesterol, mmol/| 5.14+0.90 5.19+0.93 0.833
Triglycerides, mmol/l 1.25+0.54 1.74+1.04 0.017
HDL cholesterol, mmol/l 1.32+0.29 1.21+0.43 0.277
TSH, mlU/I 1.50+1.02 1.75+1.24 0.308

APA- aldosterone-producing adenoma, IHA- idiopathic hyperplasia, n- number of patients, y-years, TSH-

thyroid stimulating hormone

M Nodular goiter

No Nodules

APA

p=0.360

a47% —

IHA

Figure2. Comparison of prevalence of nodular goiter in aldosterone-producing adenoma (APA) and idiopathic

hyperaldosteronism (IHA)
5. DISCUSSION

Our findings demonstrated high percentage of
patients with nodular goiter among the
investigated cases (58.06% in patients with PA
and 46.74% in patients with EH). This is in
accordance with recent findings in the literature
which estimate thyroid nodules to be very
common in different population settings [13,14].
High-resolution ultrasound series point out a
thyroid nodules prevalence of 19-68% among
randomly selected individuals and this
variability may be due to different factors such
as gender, age and iodine intake [15]. Although
the prevalence of thyroid nodules is higher in
patients with PA compared to EH in our study,
it was not statistically significant, which may be
due to the relatively small sample sizes. On the
other hand, a large population based study,
performed among 2415 individuals in Bulgaria
in 2006 demonstrated nodular goiter in 567
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(23.5%) of the investigated cases [16]. The latter
findings along with our results demonstrate a
clearly higher prevalence of thyroid nodules in
PA compared to the general population. This
raises the question of the association of
aldosterone and thyroid disorders. There are few
clinical and experimental studies that have
explored this issue with conflicting results,
mainly focusing on the effect of aldosterone on
thyroid nodules formation [17, 18]. In
accordance with our observation, a report by
Armanini et al has shown a statistically
significant difference in the prevalence of
thyroid abnormalities between PA and healthy
controls (60% vs 27%, p<0.0001). In this study
the occurrence of multinodular nontoxic goiter
was 23.8% in the patients and 6.3% in controls
[17]. Another study that investigated the
relationship between aldosterone and thyroid
disease was performed by Turchi F et al among
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188 patients: 92 with PA and 96 matched
essential hypertensives (18). The prevalence of
thyroid dysfunction was similar in PA and EH
(15% and 19%, respectively), although in PA
patients a higher prevalence of thyroid nodules
was found (66% vs. 46%, P < 0.05). Compared
to our results there was a lower prevalence of
multinodular goiter (58% vs 47%) which may
be related to the lower number of female
patients (58% vs 48%), as female gender is
known to be associated with thyroid nodules
[19]. Another possibility is the lower mean age
in Turchi’s cohort as older age is related to
higher thyroid nodules prevalence [15].

Except for the above-mentioned clinical reports,
experimental studies have explored the link
between aldosterone and thyroid tissue as well
[20-22]. Increased levels of aldosterone have
been found in benign colloid nodules as well as
aldosterone synthase expression in thyroid tissue
[20]. Greenman et al have investigated the
possibility for a local production of aldosterone
in thyroid tissue [20]. In this study thyroid cyst
fluid was investigated in 31 patients and
aldosterone levels were found to be elevated
above the normal plasma levels in all but five
patients. Furthermore, aldosterone synthase
MRNA expression was found in aspirates of
four of 10 patients. These findings suggest that
aldosterone may be locally produced and
secreted in thyroid tissue. Other hypotheses
discuss that possible imbalance between growth
factors (cytokines) and growth inhibitors may be
implicated in the pathogenesis of aldosterone
overproduction and multinodular nontoxic
goiter [21, 22]. Also, the role of carbohydrate
disorders and insulin resistance has been
discussed in the pathogenesis of thyroid nodules
formation. Several recent studies demonstrated a
higher prevalence of thyroid nodules in patients
with metabolic syndrome and reported a
correlation between thyroid nodule formation
and insulin resistance [23-26]. In view of these
findings we can speculate that the high
percentage of metabolic syndrome among
patients with PA and controls with EH in our
study could contribute to the increased
prevalence of multinodular goiter. Furthemore,
numerous reports have found a higher
prevalence of glucose metabolism disorders in
PA compared with essential hypertensives or
normotensive subjects [5, 6]. Thus, it could be
hypothesized that the presence of the metabolic
syndrome in patients with PA could specifically
contribute to the formation of thyroid nodules.
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About 20 % of our patients with PA have been
diagnosed with autoimmune thyroiditis, which
is one of the most common endocrine disorders,
especially in women [27, 28]. A limited number
of studies have investigated the relationship
between PA and Hashimoto’s thyroditis
focusing on the aldosterone proinflammatory
effect that could affect the development of
autoimmune process [29, 30]. Krysiak et al
investigated the release of proinflammatory
cytokines in a patient with PA, which was
increased in the time when thyroiditis coexisted
with an APA and was suppressed after surgery
of the adenoma. The authors concluded that PA
may exacerbate the course of autoimmune
thyroid disease and this could be eventually
translated to other autoimmune disorders [29].

6. STUDY LIMITATIONS

One of the limits of our study is the
retrospective character. However, data were
collected during patient care with few missing
values. Another limit of the study is the lack of
sex and age-matched normotensive control
group, although we were able to make reference
to data on thyroid pathology from a large
population based study, performed in Bulgaria
[16].

7. CONCLUSIONS

A high prevalence of thyroid nodules was
demonstrated in patients with PA and controls
with EH. The difference in the prevalence of
nodular goiter in patients with PA compared to
controls with EH was not statistically
significant, probably due to the relatively small
sample size. On the other hand, patients with PA
had more nodules relative to the Bulgarian
general population. We could speculate that
presence of the metabolic syndrome in both
patients and controls could play a role in the
formation of thyroid nodules. Based on these
findings, we suggest extensive screening
(thyroid function, ultrasound examination) for
multinodular goiter in patients with PA.
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