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ABSTRACT

Purpose: We tested the sex-specific associations between primary aldosteronism (PA), left ven-
tricular (LV) hypertrophy and LV systolic myocardial function.

Material and methods: Conventional and speckle tracking echocardiography was performed in
109 patients with PA and 89 controls with essential hypertension (EH). LV hypertrophy was iden-
tified if LV mass index exceeded 47.0 g/m>’ in women and 50.0 g/m*’ in men. LV systolic myo-
cardial function was assessed by global longitudinal strain (GLS) and midwall shortening.
Results: PA patients had higher prevalence of LV hypertrophy (52 vs. 21%, p < 0.001) than EH
patients in both sexes, while GLS did not differ by sex or hypertension aetiology. In multivari-
able analyses, presence of LV hypertrophy was associated with PA and obesity in both sexes,
while lower systolic myocardial function, whether measured by GLS or midwall shortening, was
not associated with PA, but primarily with higher body mass index and LV mass index, respect-
ively, in both sexes (all p < 0.05).

Conclusion: Having PA was associated with higher prevalence of LV hypertrophy both in
women and men, compared to EH. PA was not associated with LV systolic myocardial function
in either sex.
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Introduction comparable LV ejection fraction in PA and EH [8,10],
but few studies in PA have assessed LV myocardial func-
tion by speckle tracking echocardiography.

Sex differences in LV hypertrophy and LV myocardial
function are well described in EH, but scarcely reported
in PA. Previous studies in EH have demonstrated that
women are more prone to develop LV hypertrophy than
men [11,12], and that regression of LV hypertrophy dur-
ing antihypertensive treatment is attenuated in women,
when obesity is co-present [13]. Several studies have
reported that women with LV hypertrophy retain higher
systolic function than their male counterparts [11,14,15].
Whether these sex-specific characteristics also apply for
patients with PA remains to be explored. The present
study aimed at exploring the sex-specific associations of
PA with LV hypertrophy and LV myocardial function.

Uncontrolled hypertension induces preclinical cardiac
disease like left ventricle (LV) hypertrophy or LV systolic
dysfunction, which are precursors for clinical cardiovas-
cular disease [1,2]. The severity of preclinical cardiac dis-
ease is influenced by blood pressure load and the
presence of other cardiometabolic risk factors, in particu-
lar sex, obesity and diabetes mellitus [3]. Primary aldos-
teronism (PA) is the most common cause of secondary
hypertension and is often found in patients with uncon-
trolled hypertension [2]. PA causes a variety of cardio-
vascular, renal, metabolic and bone complications
relatively independent of blood pressure (BP) [4]. PA is
associated with metabolic syndrome [5], and it has
recently been suggested that obesity-related factors con-
tribute to the pathogenesis of idiopathic hyperaldosteron-
ism [6]. It is well known that LV hypertrophy is more
common in PA than in essential hypertension (EH)
[7,8]. This has been related to aldosterone induced myo-
cyte hypertrophy and cardiac interstitial collagen depos-
ition and fibrosis [8,9]. Despite more prevalent LV
hypertrophy, several studies have demonstrated

Materials and methods
Study population

We recruited consecutively 109 patients diagnosed
with PA at Haukeland University hospital between
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2013 and 2016. In patients with elevated aldosterone-
to-renin ratio, PA was confirmed by recumbent saline
infusion testing, with a positive test defined as post-
infusion plasma aldosterone level > 140 pmol/L [16].
Adrenal vein sampling, under continuous cosyntropin
infusion, was performed for subtype differentiation at
time of study inclusion. Unilateral disease was found
in 47%, with no difference between sexes. Interfering
medication was withdrawn for 2-4 weeks before diag-
nostic assessments. Controls were identified among
patients with EH that participated in the FAT-associ-
ated CardiOvasculaR dysfunction (FATCOR study),
another study cohort established at the European
Society of Hypertension Excellence Centre in Bergen
[17]. EH and PA patients were matched for sex, pres-
ence of obesity and age within a five-year range. The
study was conducted in accordance with the
Declaration of Helsinki and approved by the Regional
Ethics Committee. All participants signed written
informed consent before inclusion.

Cardiovascular risk assessment

Attended clinic BP was measured in triplets in the
seated position after at least 5min rest, using a cali-
brated aneroid sphygmomanometer, in accordance
with current guidelines [2]. Clinic BP was taken as
the average of the two last measurements. Obesity
was identified as body mass index (BMI) >30.0 kg/
m®. Diabetes mellitus was considered present if his-
tory of diabetes mellitus or haemoglobin (Hb) Alc
>6.5% was found. Estimated glomerular filtration rate
(eGFR) was calculated from serum creatinine using
the  Chronic Kidney Disease  Epidemiology
Collaboration equation [18]. Hypokalaemia was con-
sidered present in the individual patients if serum
potassium <3.5mmol/L, or the patient was taking
potassium supplementation.

Echocardiography

All patients underwent conventional and two-dimen-
sional speckle tracking echocardiography following a
standardised imaging protocol using a GE Vivid E9
scanner (GE Vingmed Ultrasound, Horten, Norway).
In the PA group, echocardiography was performed as
soon as a conclusive diagnosis was reached. Images
were analysed in the Echocardiography Core
Laboratory at the University of Bergen, Bergen,
Norway, on workstations equipped with Image Arena
Software version 4.2 (TomTec Imaging systems
GmbH, Unterschleissheim, Germany) for

BLOOD PRESSURE . 231

conventional measurements. All images were read by
a junior investigator and proofread by a single expert
reader following current guidelines for chamber quan-
tification [19]. LV hypertrophy was identified by vali-
dated prognostic sex-specific cut-off values for LV
mass index (>47.0g/m>” in women and >50.0 g/m*’
in men), as recommended in the current guidelines
on management of arterial hypertension [2]. Relative
wall thickness was calculated from posterior wall
thickness/LV internal radius ratio and considered
increased if >0.42 (19]. LV geometry was defined
from relative wall thickness and LV mass index in
combination. Concentric remodelling was defined as
increased relative wall thickness with normal LV mass
index, while concentric LV hypertrophy was defined
as increased relative wall thickness and increased LV
mass index. Eccentric LV hypertrophy was defined as
increased LV mass index with normal relative wall
thickness [19]. LV ejection fraction was calculated
using biplane method and discs summation (modified
Simpson’s rule) [19]. Midwall shortening was calcu-
lated by validated equations [20]. LV filling pressure
was estimated from the ratio of early transmitral fill-
ing velocity(E) to the average of septal and lateral
early diastolic mitral annular plane velocity (e’) ratio
(E/€ ratio) [21].

Workstations equipped with EchoPac software ver-
sion BT202 (GE Vingmed Ultrasound, Horten,
Norway) were used for two-dimensional speckle
tracking echocardiography. The average value of peak
systolic global longitudinal strain (GLS) was calculated
from 17 individual LV segments based on three apical
imaging planes using automatic function imaging.
The endocardial border was tracked automatically and
adjusted manually when considered suboptimal by
visual assessment. Segments with inadequate tracking
were excluded. End-systole was defined by aortic
valve closure using pulse wave Doppler. In 13 patients
average GLS could not be calculated, because two or
more segments were not adequately tracked in the
same view.

Statistical analysis

Statistical analysis was performed using IBM SPSS
version 26 software (IBM, Armonk, NY). Data is
reported as mean and standard deviation for continu-
ous variables and as percentages for categorical varia-
bles. The study compared PA and EH groups and was
further divided into four subgroups: PA women, PA
men, EH women and EH men. Groups are compared
with un-paired t-tests and chi square tests, and with
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one-way analysis of variance (ANOVA) with Scheffe’s
post-hoc test for continuous variables and general lin-
ear model with Sidak’s post hoc test for categorical
variables as appropriate. Uni- and multivariable logis-
tic regression analyses were used to assess the associ-
ation of PA with presence of LV hypertrophy in the
total study population and separately in women and
men. All variables with a significant univariable asso-
ciation were included in the multivariable models.
Results from logistic regression analyses are reported
as odds ratio with corresponding 95% confidence
intervals and p values. Uni- and multivariable linear
regression analyses were used to assess the association
of PA with LV systolic myocardial function measured
by GLS and midwall shortening in the total study
population and separately in women and men. In the
primary multivariable models for GLS and midwall
shortening, we adjusted for clinical variables with sig-
nificant univariable associations. In secondary models,
echocardiographic variables with significant univari-
able associations were added as covariables.
Collinearity tools were used to document sound sta-
tistics. Results from linear regression analyses are
reported as standardised fS-coefficients and p values.
Statistical significance was defined as p <0.05 in all
analysis. The study had statistical power to identify
differences in prevalence of LV hypertrophy in sex-
specific analysis (B =80% and o < 0.05).

Results
Clinical characteristics

In the total study population PA patients were older,
had higher systolic BP, lower BMI and lower renal
function compared to EH patients (Table 1). PA men
were older and had lower renal function than EH

men, while PA women and EH women had similar
baseline characteristics (Table 1). Seventy-four percent
of PA patients had hypokalaemia, with no difference
between sexes (p =0.680).

Echocardiographic characteristics

PA patients had higher prevalence of abnormal LV
geometry than EH patients (Figure 1). LV hyper-
trophy was more common in PA than EH patients
both in women (41 vs. 10%) and men (57 vs. 27%,
both p<0.05). In the total population women had
lower prevalence of LV hypertrophy than men (26 vs
44%, p=10.012). In PA patients with LV hypertrophy,
eccentric LV hypertrophy was the domination type in
both sexes (71% in women and 60% in men). LV sys-
tolic myocardial function assessed by GLS was similar
in PA and EH patients in the total study population,
but GLS was lower in men than in women in both
groups (Table 2). Midwall shortening was significantly
lower in PA men than EH men (14.0 vs. 15.4%,
p=10.023), but did not differ in women (Table 2).

Factors associated with LV hypertrophy in women
and men

In univariable analysis, LV hypertrophy was associ-
ated with PA, male sex, age, obesity, higher systolic
BP and lower eGFR in the total study population,
while no association with HbAlc was found
(Table 3). With exception of male sex and eGFR,
these factors remained associated with presence of LV
hypertrophy in multivariable analysis (Table 3). In
sex-specific analyses, PA was associated with LV
hypertrophy in both sexes independent of a signifi-
cant association with obesity (Table 3).

Table 1. Characteristics of women and men with PA compared to EH.

All (n=198) Women (n =65, 33%) Men (n =133, 67%)

Variable PA (n=109) EH (n=89) P Value PA (n=34) EH (h=31) p Value PA (n=75) EH (n=58) p Value
Age (years) 5711 53+9 0.010 52+12 51+10 0.985 60+ 10%* 55+7 0.048
BMI (kg/m?) 29.9+53 31.7+£3.7 0.008 28.2+5.8 31.1+£37 0.099 30.6+4.9 32.0+3.7 0.423
Obesity (%) 47 56 0.189 38 39 0.999 51 66 0.342
Current smoking (%) 19 13 0.242 23 15 0.993 17 1 0.918
Diabetes mellitus (%) 18 14 0.439 6 7 0.999 23 17 0.937
HbA1c (%) 56+0.8 58+0.7 0.083 54+0.7 57+04 0.588 57+08 59+0.8 0.628
Antihypertensive drugs (n) 26+1.2 0.7+1.0 <0.001 20+1.0 04+0.8 <0.001 2.8+13% 09+1.1 <0.001
Serum sodium (mmol/L) 141+£2 14142 0.448 14112 141+2 0.977 142+2 141+2 0.706
Serum potassium (mmol/L) 36104 44+03 <0.001 36+04 44+0.3 <0.001 36104 45+0.3 <0.001
Hypokalaemia (%) 74 0 - 68 0 - 77 0 -

Serum creatinine (umol/L) 91+58 74+13 0.006 76 £67 6711 0.860 98 +53 77£12 0.071
eGFR (ml/min/1.73m?) 85+25 93+13 0.004 92+24 91+13 0.999 82+24 95+13 0.005
Clinic SBP (mmHg) 148 £ 19 141+£17 0.005 147 £16 139+£20 0.400 149 £ 19 142 +£15 0.195
Clinic DBP (mmHg) 87+12 87+9 0.781 89+12 86+10 0.782 87+12 87+10 0.990

PA: primary aldosteronism; EH: essential hypertension; BMI: body mass index; HbA1c: haemoglobin Alc; eGFR: estimated glomerular filtration rate; SBP:

systolic blood pressure; DBP: diastolic blood pressure; BP: blood pressure.
*p < 0.05 vs. PA women; tp < 0.05 vs. EH women.
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Figure 1. LV geometric patterns in women and men with PA compared to EH.
Table 2. Echocardiographic findings in women and men with PA compared to EH.
All (n=198) Women (n = 65) Men (n=133)

Variable PA(n=109) EH (n=89) pValue PA(n=34) EH(n=31) p Value PA (n=75) EH (n=58) p Value
LVIDd (cm) 5006 5005 0.816 49+0.6 48+04 0.980 5.1+0.6 51+04 0.999
IVSd (cm) 1303 1.2+0.3 0.001 1.2+0.3 1.1+0.2 0.557 1.4+03* 1.3+0.31 0.035
PWTd (cm) 1.0+£0.2 09+0.2 <0.001 09x0.1 0.8+0.1 0.299 1.0+£0.2% 09+0.2 0.005
LV mass index (g/m2’7) 50.2+12.8 42.2+10.6 <0.001 447+114 38.8+6.0 0.236 52.7+12.6* 441+£12.2 0.001
Relative wall thickness 0.40 £0.09 0.36£0.08 0.001 0.37+£0.08 0.34+£0.06 0.556 0.41+0.10 0.36 £0.09 0.029
Normal LV geometry (%) 38 70 <0.001 81 0.056 32 64 0.001
LVH (%) 52 21 <0.001 10 0.037 57 27 0.002
LV ejection fraction (%) 6216 62+5 0.712 65+5 63+4 0.485 61+6* 62+5 0.968
GLS average —178+34 —185+35 0.175 —19.2+3.1 —20.1+£33 0.820 —17.1+3.3* —17.6 + 3.4t 0.870
Midwall shortening (%) 14.8+2.7 159+27 0.004 16.4+26 16.8+2.7 0.932 14.0+2.3* 154+26 0.023
E/e 10.1£29 83+33 <0.001 99+34 8.0+3.2 0.108 10.2+27 85+34 0.028
LA volume index (ml/m?) 19.6 £6.7 19.4+5.6 0.872 17.6£4.6 18.9+6.0 0.879 20.5+7.3 19.8+54 0.928

LVIDd: left ventricular internal diameter at end-diastole; IVSd: interventricular septum thickness at end-diastole; PWTd: posterior wall thickness at end-dia-
stole; LVH: left ventricle hypertrophy; E/e": peak early transmitral filling velocity to the average of septal and lateral early diastolic mitral annular plane

velocity; GLS: global longitudinal strain; LA: left atrium.
*p < 0.05 vs. PA women; tp < 0.05 vs. EH women.

Table 3. The association of PA with LVH in the total study population, and in women and men separately.

Total population
Variable pop

Women Men

Univariable Multivariable

Univariable

Multivariable Univariable Multivariable

OR (95% Cl)

OR (95% Cl)

OR (95% Cl)

OR (95% Cl)

OR (95% Cl)

OR (95% CI)

Primary aldosteronism

4.14(2.18-7.86

4.09(1.96-8.54)+

6.53(1.65-25.8)*

6.88(1.45-32.63)*

3.58(1.69-7.58)*

3.46(1.49-7.99)*

Male sex 2.28(1.19-4.37 1.62(0.72-3.64) n.i.m. n.i.m. n.im. n.i.m.

Age 1.06(1.03-1.10) T 1.06(1.01-1.11)* 1.06(1.00-1.12)* 1.07(0.99-1.14) 1.06(1.02-1.11)* 1.05(0.99-1.12)
BMI (kg/mz) n.i.m. 1.08(0.97-1.21 n.i.m. 1.06(0.98-1.15) n.i.m.

Obesity 1.90(1.05-3.41)* 3.13(1.50-6.53)* 5.41(1.24-23.66)* 1.36(0.68-2.74) 2.34(1.02-5.37)*

Clinic SBP (mmHg)
eGFR (ml/min/1.73m?)
HbA, (%)

1.03(1.01-1.05)*
0.99(0.97-1.00)*
1.10(0.73-1.64)

)t

( )t

( )
1.08(1.01-1.15)*
( )

( )

( )

1.02(1.00-1.05)*
1.01(0.99-1.03)
n.i.m.

)
( )
3.14(1.00-9.85)*
1.03(1.00-1.07)
0.99(0.96-1.02)
0.92(0.34-2.54)

1.03(0.99-1.07)
n.i.m.
n.i.m.

0.99(0.97-1.00)*

(
(
1.03(1.01-1.05)*
(
1.04(0.66-1.64)

1.02(1.00-1.04)
1.01(0.98-1.03)
n.i.m.

Cl: confidence interval; BMI: body mass index; SBP: systolic blood pressure; eGFR: estimated glomerular filtration rate; HbA1c: Haemoglobin A1c; n.im.:

not in model.
*p < 0.05; tp <0.01.

Factors associated with LV myocardial function in
women and men

In univariable analysis, lower midwall shortening was
associated with PA, male sex, higher age, systolic BP, E/
¢ ratio and LV mass index and with lower eGFR and
LV ejection fraction in the total study population (all
P <0.05). In the primary multivariable model, including
clinical covariables, lower midwall shortening remained

associated with male sex (B = 0.29) and higher systolic
BP (B = 0.15, both p < 0.05), while the association with
PA became statistically not significant. In sex-specific
analysis, including clinical covariables, lower midwall
shortening was associated with higher systolic BP in
women (B = 0.26, p < 0.05), whereas no covariables in
the model were significantly associated with midwall
shortening in men. In a second multivariable model we
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Midwall shortening

covariables
PA -

=22 \Women
Men
mm  Total population

Male-sex — * p<0.05

Age
SBP
eGFR
LVMI —
LVEF

E/e' +

T 1 T T 1
-04 -02 00 02 04 06

B coefficient

Figure 2. The association of PA with lower midwall shortening
in the total study population, and in women and
men separately.

adjusted also for LV mass index, E/e’ ratio and LV ejec-
tion fraction. In this second model, no significant asso-
ciation of PA with midwall shortening was found.
However, lower midwall shortening was associated with
male sex, higher LV mass index and lower LV ejection
fraction in the total study population, with higher LV
mass index and lower LV ejection fraction and eGFR in
men, and with higher LV mass index in women. (all
p < 0.05; Figure 2).

PA was not associated with GLS neither in univariable
nor in multivariable analysis. In univariable analysis,
lower GLS was associated with male sex, higher age,
BMI, systolic BP, HbA,., LV mass index and E/e’ ratio
in the total study population (all p <0.05). In the pri-
mary model adjusting for clinical variables, only male sex
(B = 0.23) and higher BMI (B = 0.38, both p< 0.05)
remained associated with GLS. In sex-specific analysis
adjusting for clinical variables, higher BMI (B = 047,
p <0.001) was the only significant covariable for GLS in
men, while no covariables were significantly associated
with lower midwall shortening in women. In a second
multivariable model additionally adjusting for LV mass
index and E/e ratio, lower GLS was associated with male
sex, higher BMI and E/¢’ ratio in the total study popula-
tion, while higher BMI was the main covariable of lower
GLS in sex-specific analyses (all p < 0.05; Figure 3).

Discussion

This study adds to previous knowledge by demon-
strating that PA, as compared to EH, is associated

Global longitudinal strain
covariables

PA

=22 \Nomen
Men
mm  Total population

Male-sex — * p<0.05

Age
BMI
SBP
HbA1c —
LVMI —

E/e' +

T T 1
-0.2 0.0 0.2 0.4 0.6

B coefficient

Figure 3. The association of PA with lower GLS in the total
study population, and in women and men separately.

with higher prevalence of LV hypertrophy both in
women and men. However, PA was not associated
with lower LV systolic myocardial function whether
measured by GLS or midwall shortening in either sex.

In line with previous reports, prevalence of LV
hypertrophy was higher in PA than EH [7,22,23].
However, the predominate type of LV hypertrophy var-
ied in previous studies comparing LV geometry in PA
and EH [10]. Salvetti et al. recently reported higher
prevalence of concentric LV hypertrophy in PA [22],
whereas Yang et al. reporting sex-specific results, found
a higher prevalence of eccentric LV hypertrophy in PA
women, but not in men [24]. In our cohort, eccentric
LV hypertrophy was the dominating type in PA in both
sexes. The independent association of PA with presence
of LV hypertrophy in sex-specific multivariable analysis
in our study, supports that aldosterone excess contrib-
uted to LV hypertrophy both in women and men [25].
However, independent of hypertension aetiology, obesity
was strongly associated with LV hypertrophy in both
sexes, in line with previous reports in EH [26,27].
Previous reports in larger EH studies have demonstrated
that LV hypertrophy is more common in women
[11,12]. This was not found in the present smaller
cohort, possibly related to women being younger and
less obese than women in previous studies.
Furthermore, there is evidence that oestrogen inhibits
synthesis of aldosterone in women [28]. Oestrogen has
been found to attenuate cardiac hypertrophy and fibro-
sis in studies both in humans and mice [3]. Thus, we
can speculate that a protective effect of oestrogen may



contribute to the observed lower prevalence of LV
hypertrophy in women in our cohort. However, serum
oestrogen was not measured in the present study.

Previous reports comparing LV systolic myocardial
function by midwall shortening in PA and EH have
yielded diverging results, some reporting lower midwall
shortening in PA compared to EH [7,29], whereas
others found no difference [8,30]. However, none of
these studies reported sex-specific results. Thus, the pre-
sent study adds to previous knowledge by demonstrat-
ing that although midwall shortening was lower in PA
men than in EH men, midwall shortening did not differ
between PA and EH women, and PA was not associated
with lower midwall shortening in the multivariable
models. PA women had lower LV mass index than PA
men, which may explain why midwall shortening was
less deteriorated in PA women [20]. However, inde-
pendent of hypertension aetiology, higher systolic BP
was associated with lower midwall shortening, in line
with previous publications [14,27].

GLS is a measure of LV longitudinal myocardial
function which has been associated with presence and
extent of myocardial fibrosis assessed by gadolinium
enhanced cardiac magnetic resonance imaging [31].
Few PA studies have reported LV systolic myocardial
function by GLS. Two smaller studies demonstrated
lower GLS in PA than EH [23,32]. In contrast, we
found comparable GLS in PA and EH, both in
women and men, in the present study. The associ-
ation between obesity and lower GLS is well demon-
strated, particularly when hypertension co-exists
[27,33], as also demonstrated in the present study for
both sexes. However, EH controls had higher BMI
than PA, which may have reduced GLS particularly in
the EH group. Our finding of comparable GLS in PA
and EH groups may also be explained by a low preva-
lence of myocardial fibrosis in the PA patients in our
cohort, as demonstrated in a sub study of 32PA
patients who underwent cardiac magnetic resonance
imaging with late gadolinium enhancement or TI
mapping, and who did not have increased myocardial
fibrosis compared to healthy subjects [34]. In line
with previous reports in EH, midwall shortening and
GLS were both higher in women than in men with
PA, and male sex was independently associated with
lower midwall shortening and GLS in multivariable
analysis in the total population [14,15].

Study limitations

There are several limitations to this study. First, the
EH and PA patients were not matched for BP values,
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and duration of hypertension was not known.
Furthermore, the clinic BP in the PA group may have
been influenced by the routine change of BP medica-
tions during the diagnostic work up, and therefore
not reflect the individual BP burden preceding the
diagnostic work up. The underrepresentation of
women in our study cohort is another important limi-
tation, and type 2 error may be present, since power
calculation was solely based upon prevalence of LV
hypertrophy.
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