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The cardiovascular markers copeptin and high-
sensitive C-reactive protein decrease following specific
therapy for primary aldosteronism

Hanna Remde?, Anna Dietz®, Rebecca Emeny®, Anna Riester®, Annette Peters“*
Tonia de las Heras Gala®, Cornelia Then®, Jochen Seissler®, Felix Beuschlein®

Martin Reincke®, and Marcus Quinkler®©

Context: Copeptin and high-sensitive C-reactive protein
(hsCRP) are biomarkers associated with increased mortality
in patients with cardiovascular and cerebrovascular disease
as well as in the general population. No data exist
regarding these markers in patients with primary
aldosteronism.

Objective: To evaluate copeptin and hsCRP levels as
cardiovascular risk markers in primary aldosteronism
patients.

Methods: A total of 113 primary aldosteronism patients
(64% male) from two centers of the prospective
German Conn'’s Registry were identified, for whom a full
data set and blood samples at baseline and follow-up
(14 4+ 3.4 months) after initiation of specific primary
aldosteronism treatment were available. These cases
were matched 1:3 (n=339) for sex, renal function,
BMI, age and SBP with participants from the
Cooperative Health Research in the Region of Augsburg
F4 survey. Copeptin and hsCRP were determined by
sandwich fluoroimmunoassay.

Results: HsCRP was significantly higher in primary
aldosteronism patients at baseline compared with matched
controls. Following specific therapy, hsCRP and copeptin
decreased significantly in primary aldosteronism patients
[median (25th and 75th percentile): 1.6 (0.8, 3.4) to 1.2
(0.6, 2.1)mg/l, P<0.001; 7.8 (4.6, 13.5) to 5.0 (3.1,
8.9)pmol/l, P<0.001, respectively]. Men had higher hsCRP
and copeptin levels at baseline and follow-up compared
with women. The combination of sex, hypokalemia,
lateralization index and blood pressure were the best
predictors of outcome. However, copeptin and hsCRP had
no predictive value despite the association of lower
copeptin levels with better outcome regarding cure of
primary aldosteronism.

Conclusion: Copeptin and hsCRP levels decrease following
specific primary aldosteronism therapy reflecting successful
cardiovascular risk reduction. However, they are no
independent predictors regarding cure of primary
aldosteronism.
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hyperaldosteronism, mineralocorticoid receptor antagonist
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Abbreviations: ADX, adrenalectomy; ANP, atrial
natriuretic peptide; ARR, aldosterone-to-renin ratio; AVP,
arginine vasopressin; AVS, adrenal vein sampling; BP,
blood pressure; eGFR, estimated glomerular filtration rate;
EH, essential hypertension; hsCRP, high-sensitive C-reactive
protein; KORA, Cooperative Health Research in the Region
of Augsburg; MRA, mineralocorticoid receptor antagonists;
PA, primary aldosteronism

INTRODUCTION

o date, cardiovascular disease is the major cause of
I mortality in developed countries [1]. To identify
patients with increased cardiovascular risk who
would benetfit from initiation of a risk-reducing interven-
tion, extensive research on cardiovascular risk factors has
been performed over the last decades. In addition to the
classicrisk factors such as age, sex, hypertension, smoking,
dyslipidemia and diabetes mellitus [2], various biomarkers
have recently come into focus. As chronic inflammation
has been recognized to play an important role in the
pathophysiology of atherosclerosis [3], inflammatory
markers have been investigated to aid in cardiovascular
risk prediction. In this context, one of the most promising
biomarkers is high-sensitive C-reactive protein (hsCRP)
that correlates well with the incidence of cardiovascular
events and predicts cardiovascular as well as all-cause
mortality [4-0].
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Another interesting biomarker in cardiovascular research
is copeptin, the stable C-terminal peptide derived from the
precursor molecule of arginine vasopressin (AVP), which
plays an important role in fluid and electrolyte homeostasis
[7]. Due to its short half-life, platelet-binding property and
rapid plasma clearance, it is difficult to assess reliable AVP
levels from blood samples [7]. In contrast, copeptin levels
are more stable and much easier to measure [7]. Copeptin
and AVP are secreted from the posterior pituitary in equi-
molar amounts; therefore, copeptin levels reliably reflect
activation of the AVP system [8]. Several studies have
underlined the advantages of copeptin as a diagnostic
and prognostic marker in diseases like acute myocardial
infarction (MD), heart failure, pneumonia, sepsis, diabetes
mellitus and stroke [9,10]. In addition, copeptin has been
shown to correlate with all-cause mortality in patients with
cardiovascular and cerebrovascular diseases [11] as well as
in the general population [12].

Primary aldosteronism is the most common form of
secondary hypertension with a prevalence of 4.6—16.6%
in hypertensive patients [13]. Despite causative treatment
options like adrenalectomy (ADX) and mineralocorticoid
receptor antagonists (MRA), patients with primary aldos-
teronism have frequently been reported to be at increased
risk of cardiovascular and metabolic comorbidities as
well as increased mortality in comparison with patients
with essential hypertension [14,15]. So far, data regarding
copeptin and hsCRP levels in primary aldosteronism are
scarce [16,17]. In this study, we thus aimed at the evaluation
of hsCRP and copeptin as biomarkers of cardiovascular
risk with potential prognostic relevance in primary
aldosteronism patients.

METHODS
Study population

Patients were recruited from the prospective cohort of the
German Conn’s registry. The German Conn’s registry is a
multicenter database that documents the diagnosis,
therapy, comorbidities and long-term outcome of primary
aldosteronism patients in Germany in a prospective manner
since 2008 [18,19]. Inclusion in the registry requires the
diagnosis of primary aldosteronism made accordingly to the
Endocrine Society Clinical Practice Guideline [20]. Briefly,
all patients included in this study had an increased aldoster-
one-to-renin ratio (ARR) and an abnormal confirmatory test
namely a 0.9% saline infusion test in all the cases. Adjust-
ment of medication prior to screening and confirmatory
testing was performed whenever possible with (3-blockers,
central a2-blockers, angiotensin-converting enzyme inhibi-
tors, AT1 blockers and diuretics withdrawn for at least 1
week and MRA withdrawn for at least 4 weeks. Subtype
differentiation (unilateral vs. bilateral aldosterone excess)
was made by adrenal imaging (MRI or computed tomogra-
phy) and subsequent adrenal vein sampling (AVS), which
was performed in 94.7% of the enrolled patients and was
successful in 91.6% of those. AVS was considered successful
when cortisol levels in both adrenal veins were at least
twice as high as cortisol levels in inferior vena cava, and
unilateral aldosterone secretion was defined by a laterali-
zation index [hormone levels in the adrenal veins:
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(aldosterone/cortisoD)er/(aldosterone/cortisoD g, O vice
versa] of at least 4.

In two participating centers (Berlin and Munich),
251 newly diagnosed primary aldosteronism patients were
recruited between 2008 and 2013 in the German Conn’s
Registry and have been followed up since recruitment on a
prospective basis. Inclusion criteria for the current study
were availability of complete data sets as well as serum
samples at baseline and 1-year follow-up. These prereq-
uisites were fulfilled in 113 patients. A total of 55 patients
were treated with mineralocorticoid antagonists (MRA), and
58 patients underwent ADX.

Patients were matched with controls from the popu-
lation-based Cooperative Health Research in the Region
of Augsburg (KORA) F4 survey which is the 7-year follow-
up of the KORA $4 survey [21,22]. The KORA study sample
was recruited from the population of Augsburg and
16 adjacent counties. The KORA F4 survey was conducted
in 2006—2008 and included 3080 patients. All study partici-
pants underwent a standardized interview, physical exam-
ination and withdrawal of a nonfasting blood sample
by trained medical staff [21,22].

The ethics committees of the University of Munich
and the participating centers approved the protocol of
the Conn’s registry. The study design of the KORA survey
was approved by the Bavarian Medical Association. Written
informed consent was obtained from all participants, and
data protection policies were strictly adhered to.

Laboratory measurements and definitions

In primary aldosteronism patients as well as in controls
standard laboratory measurements were performed
immediately and decentralized. Blood samples for hsCRP,
copeptin  and osmolality measurement were stored
in —70°C freezers until analysis.

Serum copeptin levels were measured by a sandwich
fluoroimmunoassay  (B.RA.H.M.S., Henningsdorf/bei
Berlin, Germany) on the B.R.A.H.M.S. Kryptor system in
primary aldosteronism patients and controls as described
recently [23]. Serum hsCRP levels were assessed using
a high-sensitivity latex-enhanced nephelometric assay on
the Behring BN II nephelometer (Dade Behring, Marburg,
Germany) in controls and a high-sensitivity sandwich
fluoroimmunoassay (B.R.A.H.M.S.) on the B.RAH.M.S.
Kryptor system in primary aldosteronism patients.

According to recommendations of the American Heart
Association [24], patients with hsCRP levels more than
10 mg were excluded from the respective analyses because
of possible coexistence of infectious disease (7=106). In
addition, patients with copeptin levels more than 100 pmol/
1, which are found in critically ill patients [9], were excluded
from further analyses (2= 2).

We assigned a low risk of future cardiovascular disease
to patients with hsCRP levels less than 1mg/l and a high
(two-fold) risk to those with hsCRP levels more than 3 mg/1,
according to recommendations of the American Heart
Association [24].

Hypokalemic primary aldosteronism was defined as
potassium levels less than 3.5mmol/l. Accordingly, 92
patients (81%) were hypokalemic at diagnosis. BMI was
calculated as body weight (kg) per height* (m?).
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Glomerular filtration rate (GFR) was estimated using the
Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPD formula.

Blood pressure (BP) was measured after 5 min of resting
with standard sphygmomanometers three times on the right
(KORA) or three times on each arm (German Conn’s
Registry) by trained medical staff in the sitting position.
For statistical analysis, the average of the measurements
was calculated.

Outcome categories

According to a previous study of our group [25], we defined
therapy outcome categories as follows: cured (ADX-treated
patients)/controlled (MRA-treated patients): potassium
levels more than 3.4mmol/l, SBP less than 140 mmHg,
DBP less than 90mmHg and no antihypertensive drugs
(MRA was not counted as antihypertensive drug);
improved: potassium levels more than 3.4mmol/l and
SBP less than 140 mmHg and DBP less than 90 mmHg or
decrease of SBP by at least 10 mmHg or decrease of anti-
hypertensive drugs by at least 1; and no improvement:
persistent hypokalemia and/or no improvement in BP
according to the above criteria.

Outcome prediction

Binary logistic regression models were set up to predict
outcome in primary aldosteronism patients (cured/con-
trolled and significantly improved vs. slightly improved
and no improvement). Several confounding variables
were included in the models (age, BMI, sex, duration
of hypertension, baseline ARR, aldosterone levels, BP,
estimated GFR (eGFR), potassium levels and lateraliza-
tion index).

Primary

aldosteronism
patients at baseline

Controls

216/123 (36%)
91.3 (77.0, 104.6)

Sex male/female (%) 72/41 (36%)

GFR (CKD-EPI) (ml/min)

BMI (kg/m?) 27 7 (25.3, 30.6) 28 3 (25.5, 31.6)
Age (years) 6 (46, 67) 2 (44, 60)
SBP (mmHg) 139 (121.5, 149) 149 (137, 165)
DBP (mmHg) 4 (77.5, 90) 2 (85, 99)
Aldosterone (pg/ml) 8 (26, 56) 204 (132, 324)
Renin (pg/ml) 10 7 (5.3, 21.3) 8(2.0, 8.1)
ARR 6 (1.6, 7.5) 2 (23, 109)
Potassium (mmol/l) 1(4.0,4.3) 3 (3.9, 3.7)
Sodium (mmol/l) 139 (137, 140) 140 (139, 143)
Osmolality (mOsmol/kg) Not available 304 (299, 310)
Creatinine (mg/dl) 0.93 (0.81, 1.08) 0.81 (0.7, 1.1)
TC (mg/dl) 213 (187, 237) 195 (166, 223)
HDL cholesterol (mg/dl) 2 (43, 62) 3 (43, 68)
LDL cholesterol (mg/dl) 135 (111, 158) 120 (95, 149)
Triglycerides (mg/dl) 114 (80, 175) 103 (72, 141)
History of Ml 6 (4.7%) 2 (1.8%)
History of stroke 2 (3.5%) 1 (0.9%)

TABLE 1. Characteristics of primary aldosteronism patients at baseline and follow-up compared with matched controls®

93.8 (73.9, 105.7)

Cardiovascular markers and aldosteronism

Statistics, matching

To identify suitable controls within the KORA cohort
(n=1563), we used a multivariate 1:3 matching. Matching
was performed sex-stratified, and matching variables were
BMI, renal function (expressed as eGFR), age and BP. From
3080 patients in the KORA F4 survey, patients with potass-
ium less than 3.5 mmol/l (n = 28) were excluded to roughly
avoid severe primary aldosteronism in controls. In addition,
1489 patients with missing measurements of hsCRP, copep-
tin or missing data in the matching variables were excluded.
Finally, 1563 patients were available for 1:3 matching,
resulting in 339 matching controls. To assess differences
between patients and matched controls, conditional logistic
regression analysis was performed.

Data are displayed as median (25th and 75th percentile)
for continuous variables and percentages for categorical
variables if not stated otherwise. Variables were assessed
for normality using Kolmogorov—Smirnov test. Correlations
were assessed using Spearman’s rank correlation coeffi-
cient. Mann—Whitney U test was used to compare continu-
ous data and Fisher’'s exact test to compare categorical
variables between groups. For paired data, Wilcoxon’s test
was applied. Differences were considered significant when
P value was less than 0.05. Statistical analysis was carried
out in IBM SPSS Statistics 23 (IBM, Ehningen, Germany) and
matching was performed using R version 3.2.1 and R-
package Matching, version 4.8—3.4 (http://ftp13.frugalwar-
e.org/pub/CRAN/web/packages/matching/Matching.pdf).

RESULTS

Clinical characteristics of patients with primary aldosteron-
ism and controls are displayed in Table 1. Matching was
successful for sex, BMI and renal function. As expected,

Primary aldosteronism

patients at follow-up P value® P value™

72/41 (36%)

82.9 (64.6, 97.2) 0.703 <0.001
281 (25.2, 30.5) 0.418 0.207
3 (46, 61) <0.001 <0.001
134 (124, 142) <0.001 <0.001
5 (78, 92) <0.001 <0.001
137 (37, 249) <0.001 0.005
5 (6.9, 32.4) <0.001 <0.001
6 (2.3, 18.4) <0.001 <0.001
1(3.9, 4.4) <0.001 <0.001
139 (137, 141) <0.001 <0.001
302 (296, 308) - 0.005
0(0.8, 1.2) 0.007 <0.001
193 (169, 220) <0.001 0.831
9 (42, 63) 0.340 0.001
121 (98, 143) 0.001 0.707
118 (83, 190) <0.001 <0.001
2 (1.8%) 0.175 1.0°
1 (0.9%) 0.161 1.0°

“Characteristics of 113 primary aldosteronism patients at baseline and follow-up after an average of 13 (11-16) months, compared with 339 matched controls. Values are median (25th
and 75th percentile). ARR, aldosterone-to-renin ratio; BP, blood pressure; GFR, glomerular filtration rat; MI, myocardial infarction; TC, total cholesterol.

bSignificance was tested with McNemar test.

“Primary aldosteronism vs. controls, differences were assessed using conditional logistic regression

*“*Baseline vs. follow-up, significance was tested with Wilcoxon's test.
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primary aldosteronism patients had significantly higher
aldosterone levels, higher ARR, lower renin and lower
potassium levels than controls. Also serum sodium was
significantly higher in primary aldosteronism patients at
baseline compared with controls. The prevalence of history
of MI and stroke in primary aldosteronism patients and
controls did not differ significantly.

HsCRP levels were higher in primary aldosteronism
patients at baseline compared with matched controls [1.6
(0.8, 3.4) vs. 1.5 (1.0, 2.5)mg/l, P<0.001] (Fig. 1a). This
difference remained significant following adjustment
for age, BP and cholesterol levels. One year following
initiation of specific therapy, hsCRP [1.2 (0.6, 2.1) mg/I,
P < 0.001] decreased significantly in comparison with base-
line values (Fig. 1a). A significant reduction of hsCRP
levels at follow-up could be seen in the cured/controlled
[1.2(0.6,3.1)vs. 0.8 (0.5, 1.2) mg/l, P=0.041] and improved
[1.6 (0.9, 3.0) vs. 1.2 (0.6, 2.3)mg/l, P=0.003] patients;
however, hsCRP levels did not differ significantly between
outcome categories (Fig. 2). Consequently at follow—up,
significantly more patients had a low cardiovascular risk
(hsCRP < 1mg/l; 46 vs. 30%, P<0.001) and significantly
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FIGURE 1 Box plots of high-sensitive C-reactive protein (a) and copeptin (b) levels
in primary aldosteronism patients at baseline and follow-up and in controls, after
exclusion of outliers (high-sensitive C-reactive protein >10mg/l; copeptin

>100 pmol/l). Boxes represent median, 25th and 75th percentile. Whiskers
represent the maximum and minimum value inside 1.5 interquartile range. Differ-
ence between baseline and follow-up was tested for significance with Wilcoxon's
test. To compare primary aldosteronism and controls, univariate conditional logistic
regression analysis was applied. hsCRP, high-sensitive C-reactive protein.
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FIGURE 2 High-sensitive C-reactive protein levels in primary aldosteronism patients
at baseline and follow-up, itemized for outcome categories. 1= cured/controlled
(n=11), 2=improved (n=74) and 3 =no improvement (n= 12). For definitions
of outcome categories, see the Methods section. Boxes represent median, 25th
and 75th percentile. Whiskers represent the maximum and minimum inside 1.5
interquartile range. Significance was tested with Wilcoxon's test between baseline
and follow-up and with Mann—-Whitney U test between outcome categories.
“P<0.05, **P<0.005 compared with baseline. hsCRP, high-sensitive C-reactive
protein.

less patients (16 vs. 26%, P < 0.001) had a high cardiovas-
cular risk (hsCRP >3 mg/D).

Baseline hsCRP levels did not differ between patients
with the hypokalemic and normokalemic form of primary
aldosteronism. However, at follow—up, patients with
the normokalemic form had significantly higher hsCRP
levels compared with those with the hypokalemic form
(1.7 (1.1, 2.4) vs. 0.9 (0.6, 1.9) mg/1, P= 0.047]. Furthermore,
there was no difference in hsCRP levels at baseline or
at follow-up between patients with the unilateral and
bilateral form of primary aldosteronism. Men had higher
baseline hsCRP levels than women [1.8 (1.0, 3.5) vs. 1.3
(0.7, 2.4 mg/l, P=0.044].

No significant differences between primary aldosteron-
ism patients and controls were evident in copeptin levels
[7.8(4.6,13.5) vs. 9.1 (6.8, 11.8) pmol/l, P=0.576] (Fig. 1b).
Adjustment for age, BP, sodium and cholesterol levels
did not change this result. One year after initiation of a
specific therapy for primary aldosteronism, copeptin levels
decreased significantly in comparison with baseline values
5.0 (3.1, 8.9) pmol/l, P<0.001] (Fig. 1b).

Patients with unilateral primary aldosteronism had
higher copeptin levels at baseline [10.6 (5.8, 14.3) pmol/I]
compared with those with bilateral primary aldosteronism
(6.4 (4.0, 9.3) pmol/l, P=0.004]. At follow-up, copeptin
levels converged between ADX-treated and MRA-treated
patients [5.2 (3.2, 10.2) and 4.9 (3.0, 8.0) pmol/l, P=0.458].
Furthermore, there was no difference in copeptin levels at
baseline or at follow-up between patients with the hypo-
kalemic and normokalemic form of primary aldosteronism.

Men had higher copeptin levels at baseline and follow-
up than women [baseline: 9.3 (5.9, 15.3) vs. 5.5 (2.9,
10.5) pmol/l, P=0.001; follow-up: 6.6 (4.5, 10.5) vs. 3.1
(2.2, 5.6) pmol/l, P<0.001] (Fig. 3).

Baseline copeptin levels significantly correlated posi-
tively with baseline levels of aldosterone (r=0.355) and
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FIGURE 3 Copeptin levels in male and female primary aldosteronism patients and
matched controls. Boxes represent median, 25th and 75th percentile. Whiskers
represent the maximum and minimum inside 1.5 interquartile range. Significance
between baseline and follow-up was tested with Wilcoxon's test, between male
and female with Mann—Whitney U test, between primary aldosteronism and con-
trols with conditional logistic regression. ***P<0.001 compared with baseline,
###p <0.001.

sodium (r=0.3106), and negatively with baseline potassium
levels (r=—0.281) and eGFR (r= —0.419) in primary aldos-
teronism patients. In addition, high baseline copeptin levels
were associated with higher DBP (r=0.216) and higher
number of antihypertensive drugs (»=0.265) at follow-up.
High hsCRP levels were significantly associated with worse
lipid profile (baseline HDL cholesterol: r=—0.370, LDL
cholesterol: »=0.287 and triglycerides: »=0.373).

Copeptin correlated weakly (r=—0.135) with history
of MI in the control group, however, not in primary aldos-
teronism patients. HSCRP did not correlate significantly
with history of MI nor stroke neither in primary aldoster-
onism patients nor in controls.

According to our preset criteria at follow-up [after 13 (11,
16) months], 11.5% of the primary aldosteronism patients
could be considered as cured or controlled, 75.2%
improved and 13.3% showed no improvement. Patients
who underwent ADX had a tendency toward better out-
come than those patients treated with MRA (cured/con-
trolled: 19.0 vs. 3.8%, improved: 65.5 vs. 88.5% and no
improvement: 15.5 vs. 7.8%). Female patients had better
outcome than males (female: 26.6% cured/controlled,
65.9% improved and 7.3% no improvement; male: 2.8%
cured/controlled, 80.6% improved and 16.7% no improve-
ment). Women were younger [47 (39, 60) vs. 54 (46, 60)
years, P=0.02] but there were no significant differences in
frequency of hypokalemia (female 85%, male 79%,
P=0.462) or ADX (female 59%, male 49%, P=0.430)
between male and female patients. In the whole study
population, better outcome was associated with lower
baseline copeptin levels (Fig. 4). However, when analyzing
male and female patients separately, no significant differ-
ences in copeptin levels could be found between outcome
categories. Nevertheless, within each outcome category,
copeptin levels decreased significantly after therapy
initiation (Fig. 4).

In sex-adjusted and age-adjusted binary logistic
regression models, hypokalemia and high SBP at baseline
were predictive for good outcome (cured/controlled and
significantly improved). Copeptin and hsCRP could not
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FIGURE 4 Copeptin levels in primary aldosteronism patients at baseline and fol-
low-up, itemized for outcome categories. 1= cured/controlled (n=13),

2 =improved (n=83) and 3 =no improvement (n=15). For definitions of out-
come categories, see the Methods section. Boxes represent median, 25th and
75th percentile. Whiskers represent the maximum and minimum inside 1.5 inter-
quartile range. Significance was tested with Wilcoxon's test between baseline and
follow-up and with Mann—Whitney U test between outcome categories.
**P<0.001 compared with baseline.

predict outcome, neither in the sex-adjusted and age-
adjusted model nor when additionally adjusted for other
variables (BP, BMI, eGFR, ARR, aldosterone, hypokalemia,
lateralization and duration of hypertension). In stepwise
logistic regression analysis, the combination of sex, hypo-
kalemia, lateralization index and BP were parameters with
the best predictive value (Nagelkerkes R* = 0.456).

DISCUSSION

Herein, we investigated the cardiovascular markers copep-
tin and hsCRP in a large and well defined cohort of primary
aldosteronism patients and patients from the large popu-
lation-representative KORA F4 survey matched for sex,
renal function, BMI, age and BP. Our analysis demonstrates
that primary aldosteronism patients had higher hsCRP
levels at baseline compared with controls indicating
enhanced inflammatory activity. From animal studies, it
is well known that aldosterone excess induces inflamma-
tory processes in several tissues such as in heart and kidney.
In primary aldosteronism patients, inflammatory mechan-
isms that result in hypertrophy of intima-media and cardiac
hypertrophy, atherosclerosis, chronic kidney disease and
the metabolic syndrome are more prevalent than in patients
with essential hypertension [26,27]. In addition, markers of
oxidative stress, which play a key role in inflammatory
processes, have been observed to be increased in primary
aldosteronism patients compared with patients with essen-
tial hypertension and nonhypertensive patients [28]. Here,
we corroborate these observations in a large cohort of well
defined primary aldosteronism patients. By measuring
hsCRP as a surrogate marker for ongoing inflammatory
processes, our results suggest that inflammation might be
enhanced in primary aldosteronism compared with con-
trols. Our data contrast with two earlier studies that did not
find significant differences in hsCRP levels in primary
aldosteronism compared with essential hypertension,
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which relied on a small sample size of only 15 and
30 patients, respectively [29,30].

HsCRP has also been described as a good marker for the
metabolic syndrome [31]. In our study, the controls, who
were matched for BMI, had lower BP levels and a worse
lipid profile than primary aldosteronism patients at base-
line. It is well documented that glucose homeostasis is
disturbed in primary aldosteronism patients at diagnosis
[26], which results in a higher rate of the metabolic syn-
drome [26]. This might also explain our finding of elevated
hsCRP levels in primary aldosteronism patients at diagnosis.

In our large primary aldosteronism cohort, specific inter-
vention by ADX or MRA treatment was associated
with reduced hsCRP levels after 13 months and indicates
a reduced cardiovascular risk. In large prospective popu-
lation-based studies like the MONICA KORA research
platform [4] and the EPIC-Norfolk [5] study, it has been
shown that levels of hsCRP can predict coronary artery
disease in apparently healthy patients and increased levels
of hsCRP are associated with cardiovascular as well as
all-cause mortality [6]. Also, the number of patients with
two-fold cardiovascular risk (hsCRP >3 mg/D) could be
reduced significantly after initiation of specific primary
aldosteronism treatment.

However, hsCRP could not predict outcome of treatment
success in our primary aldosteronism cohort, neither in the
sex-adjusted and age-adjusted model nor when addition-
ally adjusted for other variables including BP, BMI, eGFR,
ARR, aldosterone, hypokalemia lateralization index and
duration of hypertension. These findings are in contrast
to a recent study from Taiwan, which stated that high hsCRP
levels might be predictive for residual hypertension in
unilateral primary aldosteronism after ADX, however, only
when adjusted for several other parameters [10].

Recently, copeptin has been established as a reliable
marker of circulating AVP levels [7]. Tt is secreted in
equimolar amounts and thus reflects activation of the
AVP system [8]. Copeptin has been shown to correlate with
type 2 diabetes [23] and all-cause mortality in patients
with cardiovascular and cerebrovascular disease [11].
Underlying mechanisms are not fully explained to date.
However, effects of increased AVP levels are probably
mediated through the three different vasopressin receptors
[32]. First, the V1 receptor among others expressed in
vascular smooth muscle cells, liver cells and myocardial
cells mediates vasoconstriction, gluconeogenesis and
influences myocardial protein synthesis. Second, the renal
V2 receptor mediates the antidiuretic effect of AVP. Third,
the V3 receptor mediates activation of the adrenocortico-
tropic axis [12,32,33]. In summary, AVP interferes with
multiple pathophysiological pathways known to be associ-
ated with an increased cardiovascular risk. Therefore, it was
intriguing to investigate copeptin in the context of overt
aldosterone secretion, which is associated with a four-fold
to 10-fold higher prevalence of cardiovascular and cerebro-
vascular events than those observed in patients with
essential hypertension [14,15,34]. Interestingly, in our
study, copeptin levels were not higher in primary aldoster-
onism patients at baseline compared with the matched
control cohort. This is in contrast to a recent report stating
elevated copeptin levels in primary aldosteronism patients
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compared with hypertensive controls [17]. However, the
former study did not include a matching process [17], which
seems to be mandatory, as copeptin is known to correlate
with renal function, sex and BMI [35,36]. Bearing our
findings in mind, this could be confirmed in primary
aldosteronism patients as well as in the control cohort in
the present study. Differences in these parameters between
primary aldosteronism and essential hypertension patients
might have influenced the results of the former study and
might explain the different findings in our study [17].

Median copeptin levels decreased significantly by about
3 U after primary aldosteronism therapy initiation in our
cohort. A meta-analysis of 28 studies with more than 14 000
patients with cardiovascular and cerebrovascular disease
found mortality to be increased by 2% per unit copeptin
[11]. In addition, high copeptin levels recently predicted
coronary artery disease as well as cardiovascular and all-
cause mortality in a large longitudinal population-based
study (7=5386) [12]. Our data support the hypothesis
that specific treatment is effectively reducing mortality
in primary aldosteronism patients. This is in line with a
previous study of our group that found 10-year all-cause
mortality in treated primary aldosteronism patients not
to be increased compared with essential hypertension
controls [37].

In our whole primary aldosteronism patient cohort, we
were able to demonstrate a correlation of baseline copeptin
levels with outcome. However, this observation must be
interpreted with caution, because this correlation did not
remain significant when analyzing the data separately
within each sex group. Nevertheless, this inconsistency
can be due to the rather small subgroup size. In stepwise
logistic regression analysis, it was not copeptin itself, but
the combination of sex, hypokalemia, lateralization and BP,
that predicted the outcome best. It has been reported that
copeptin seems to be useful in diagnosis, rule out and
outcome prediction in some acute diseases like pneumonia,
sepsis, stroke, heart failure and MI [9,10]. Judging from our
findings in the present study, this is rather not the case in a
chronic disease such as primary aldosteronism. However,
this applies only to our current definition of outcome in
primary aldosteronism which is subject of controversial
discussion.

So far, data regarding AVP and copeptin levels in primary
aldosteronism are scarce [16,17,38]. For the interpretation
of copeptin data in primary aldosteronism, it is important
to appreciate regulatory mechanisms underlying AVP
secretion. AVP release is stimulated by hyperosmolality,
hypovolemia and hypotension and is inhibited by hypo-
osmolality, hypervolemia and hypertension [39]. In patients
with primary aldosteronism, both stimulatory and inhibi-
tory stimuli are coexisting and it is difficult to speculate
which factor is predominant. On one hand, primary aldos-
teronism patients often have an increased serum sodium
concentration, which might induce AVP release. On the
other hand, in primary aldosteronism, extracellular volume
and hypertension potentially inhibit AVP release [40], and
reduced AVP levels in primary aldosteronism have been
reported [41]. In addition, atrial natriuretic peptide (ANP) is
a known inhibitor of AVP release [42]. In primary aldoster-
onism patients, ANP is elevated [43] possibly causing a
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further negative effect on AVP release. This might explain
that AVP levels in primary aldosteronism are not different
to those of normal patients [38]. However, in primary
aldosteronism patients, an acute water load did not sup-
press AVP release indicating a less-responsive AVP system
in primary aldosteronism, which normalized after therapy
[38]. In our primary aldosteronism patient cohort, slightly
but significantly reduced sodium levels and reduced osmo-
lality compared with baseline could be observed at follow-
up. Unfortunately, osmolality could not be assessed in the
control group. As osmolality is mainly defined by sodium
levels and sodium levels (as well as potassium levels) in the
control group and in primary aldosteronism patients at
follow-up were similar, a similar osmolality between the
two groups is probable. In addition, BP was similar in the
control group and in primary aldosteronism patients at
follow-up leading to the hypothesis that additional regulat-
ing factors to those discussed above might influence copep-
tin levels. Primary aldosteronism therapy reduced copeptin
levels thus not only by reducing osmolality but probably
also by influencing other regulatory parameters like volume
homeostasis and BP. Consequently, in our study, we can
support the finding that copeptin levels are not different
between primary aldosteronism patients and control
patients matched for sex, BMI and renal function.

Some limitations apply to our study. Complete data sets,
including blood samples of baseline and follow-up after
1 year, were only available for 113 out of 251 (45%)
prospective patients included in the two participating study
centers of the German Conn Registry. Furthermore, the
control cohort of the KORA F4 study is not a strictly hyper-
tensive cohort. We thus cannot exclude that BP differences
might influence some of our results. However, by matching
BP as close as possible, we tried to minimize the difference
in BP levels between the two groups.

In conclusion, hsCRP levels, but not copeptin levels,
were higher in primary aldosteronism patients at baseline
compared with matched controls. At follow-up, copeptin
and hsCRP decreased significantly in primary aldosteronism
patients due to therapy indicating reduced risk of cardio-
vascular disease and mortality. In addition, men had higher
copeptin and hsCRP levels at baseline and follow-up
compared with women. The combination of sex, hypoka-
lemia, lateralization and BP predicted the outcome best,
whereas copeptin and hsCRP could not predict outcome in
primary aldosteronism in respect of our current definition
of outcome.
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