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Longstanding primary aldosteronism (PA) has deleterious
effects on renal function, often masked until treatment
(adrenalectomy or spironolactone) is initiated. It has been
suggested that PA causes relative glomerular hyperfiltration,
explaining the decline in estimated glomerular filtration rate
(eGFR) after treatment. In this retrospective study, the
authors retrieved the clinical characteristics and eGFR of
134 PA patients before and 6 months after treatment. Using
multiple regression analysis, the predictors for eGFR decline
and the predictors of ultimately attained renal function in 113
patients was assessed. eGFR declined by 15.3�14.2 (range

19–63) mL/min, independent predictors were pretreatment
plasma aldosterone, eGFR, plasma renin, and plasma
potassium. Independent predictors of ultimately attained
eGFR after treatment were pretreatment plasma aldos-
terone, age, eGFR, and plasma potassium. Our findings lend
support to the hypothesis that higher aldosterone levels
cause relative glomerular hyperfiltration. The severity of
pretreatment aldosterone excess is the most important risk
factor for renal function decline. J Clin Hypertens (Green-
wich). 2017;19:290–295. ª 2016 Wiley Periodicals, Inc.

Primary aldosteronism (PA) accounts for roughly 5% to
10% of all cases of secondary hypertension, making it
one of its leading causes.1,2 PA is associated with renal
as well as cardiovascular complications.3–7 It is treated
either by adrenalectomy (ADX) when caused by an
aldosterone-producing adenoma (APA) or by mineralo-
corticoid receptor antagonists (MRAs) in cases of
bilateral adrenal hyperplasia.8 These two treatment
modalities lead to similar blood pressure (BP) and renal
outcomes.9,10

Although PA may be associated with impairment of
renal function due to prolonged exposure to hyperten-
sion and excessive aldosterone, both ADX and treat-
ment with MRAs may paradoxically result in a decline
in estimated glomerular filtration rate (eGFR).11 This
decline is larger in patients with PA than in those with
primary hypertension after start of antihypertensive
treatment.12 Therefore, this decline in renal function
cannot be attributed to just BP lowering. An alternative
and more likely explanation is that in PA patients,
aldosterone-induced glomerular hyperfiltration resolves
after treatment, resulting in a decline in eGFR.11,12 This
hyperfiltration is a functional abnormality, masking the
underlying structural renal damage due to longstanding
exposure to excessive aldosterone levels.6

In earlier publications, pretreatment high plasma
aldosterone, low plasma renin, low plasma potassium,
and high pretreatment eGFR have been described as
significant predictors of eGFR decline after start of

treatment.5,12,13 In addition, in other studies, the
aldosterone-to-renin ratio has been reported to be a
strong independent predictor of post-treatment renal
insufficiency after adjusting for pretreatment eGFR.14

Both decline in renal function as well as ultimately
attained renal function are of interest for clinicians. In
this study, we evaluate predictors for both in the same
cohort.

We hypothesized that patients who end up with the
most severely impaired renal function after treatment
had the largest decline in eGFR. If confirmed, this might
suggest that glomerular hyperfiltration is an important
component of pretreatment eGFR in patients with
severe aldosterone-induced structural renal damage.

PATIENTS AND METHODS
All patients diagnosed with PA between 1972 and 2013
who had been treated and followed at the Radboud
University Medical Center (a tertiary referral hospital)
were studied retrospectively (n=140). Data were
retrieved from medical files. We excluded six patients
because pretreatment data had been obtained while
patients were on MRA treatment. Thus, the data of 134
patients could be used for the analysis. eGFR data were
not complete for every patient. eGFR before treatment
was known for all 134 patients. Of 123 patients, eGFR
data were available before treatment and at 6 months
after treatment. For 86 patients, eGFR data were
available before treatment, at 6 months after treatment,
and at 12 months after treatment.

Between 1972 and 2004, PA was diagnosed based on
elevated plasma aldosterone and suppressed renin levels
with confirmation using an oral sodium loading test.
After 2004, instead of oral sodium loading, the diagno-
sis was confirmed by an intravenous saline infusion test.
Differentiation between an APA and BAH was done by
either a computed tomography scan (n=55) or adrenal
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venous sampling (n=79). Antihypertensive treatment
during analysis for PA was restricted to drugs with
minimal effects on plasma aldosterone and renin levels
(calcium antagonists, a-blockers, and/or hydralazine).
Potassium-sparing diuretics, MRAs, and renin inhibitors
were interrupted for a minimum of 6 weeks prior to any
biochemical assessment, while other antihypertensives
were stopped for a minimum of 2 weeks.
We retrieved clinical and biochemical data from

before any therapeutic intervention and data at six
and 12 months after intervention for the analysis. We
estimated the duration of hypertension from the date
hypertension was diagnosed for the first time. BP values
before treatment were measured using ambulatory BP
monitoring in 31 patients. We used mean daytime BP
for the analysis. In 40 patients, BP before treatment was
measured in the outpatient department using an elec-
tronic device with the mean of eight BP values used for
the analysis. In 62 patients, BP values before treatment
were based on the mean of three BP measurements
during one single office visit.
Data were collected on age, sex, body mass index,

plasma potassium, aldosterone, renin, and creatinine
before treatment. We used the lowest potassium level
recorded before treatment. Plasma creatinine was mea-
sured using an enzymatic assay (Architect c16000,
Abbott Diagnostics, Lake Bluff, IL). In 124 patients,
plasma renin was analyzed by IRMA with Renin III,
CIS-bio (Codolet, France). For another 10 patients,
renin was measured as plasma renin activity (PRA).
Because PRA and renin concentration are not compa-
rable, we did not use PRA values for analysis.

Data Analyses and Statistics
We categorized BP values as either above or below the
cutoff value for normal BP as described by the 2013
European Society of Hypertension guidelines for each
type of BP measurement.15 The cutoff values for daytime
ABPM and home measurements are 135 mm Hg for
systolic and 85 mmHg for diastolic BP. The cutoff values
for office measurements are 140 mm Hg for systolic and
90 mm Hg for diastolic BP.
We calculated eGFR using the Chronic Kidney

Disease Epidemiology Collaboration (CKD-EPI) for-
mula as published in 2009.16 For analysis of post-
treatment eGFR as well as eGFR decline, data from 6-
month follow-up was used. To document any further
change in renal function after 6 months we compared
eGFR at 6 and 12 months after start of treatment in the
86 patients for whom eGFR data were available at all of
the three measuring points.
We compared patients who underwent ADX with

patients who received MRAs using the Mann-Whitney
U test. All collected variables were entered for univari-
ate analyses against eGFR decline and eGFR 6 months
after treatment. eGFR data at 6 months after treatment
were available in 123 of 134 patients. Variables were
entered into multivariate regression analyses if univari-
ate correlation between the dependent variable and

independent variables was significant below a P value of
<.1. We performed multiple regression analysis using
backwards elimination. Forward selection and stepwise
regression yielded the same results. P-out in backwards
elimination was set at .05 and P-in in forward elimina-
tion was set at .05. For multiple regression analysis, we
used only patients who had no missing values. As there
were 10 patients of the remaining 123 patients without
plasma renin data, we were able to perform regression
analyses for 113 patients. To evaluate whether decline
in eGFR could be fully explained by decrease in BP
rather than other disease-related factors, we adjusted
eGFR decline and ultimately attained renal function for
change in systolic BP in a subgroup of 76 patients whose
BP was measured in the same way before and after
treatment. We evaluated what effect this had on its
correlation with plasma aldosterone level. Data are
presented as mean�standard deviation. All statistical
analyses were performed using IBM SPSS statistics 22
(IBM Corp, Armonk, NY).

RESULTS

Study Population
Of the 134 patients with PA, 75 were diagnosed with an
APA for which they underwent a unilateral ADX. The
remaining 59 were diagnosed with BAH for which they
were treated with either spironolactone or eplerenone.
The baseline pretreatment eGFR was 89.5�17.6 mL/
min/1.73 m2. Six months after start of treatment (ADX
or MRA), eGFR had significantly decreased by
15.3�14.2 (range 19–63) to 74.2�19.0 mL/min/
1.73 m2 (P<.001 vs pretreatment), remaining stable at
12 months (73.5�19.3; P=.43 vs 6 months). Charac-
teristics of the 113 patients who were included in the
multivariate analyses are summarized in Table I.

Surgical and Medical Treatment
Patients who underwent ADX (n=67 of a total of 75
patients had data before and 6 months after treatment)
and patients who were treated with MRAs (n=56 of a
total of 59 patients had data before and 6 months after
treatment) did not differ significantly in eGFR decline:
15.4�16.3 and 11.4�11.2, respectively (P=.32).
Patients who underwent ADX had a mean post-
treatment eGFR of 72.4�18.7 mL/min/1.73 m2, which
was not different from the post-treatment eGFR in
patients who received MRAs: 78.6�17.9 mL/min/
1.73 m2 (P=.49).

eGFR Decline and Renal Function After Treatment of
PA
eGFR after treatment significantly correlated to eGFR
decline (r=�0.449, P<.001). In Figure 1, patients are
sorted according to their residual kidney function after
treatment. In these groups, the magnitude of decline of
GFR is shown. Patients with the worst kidney function
after treatment had the largest absolute decline in GFR
after treatment.
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Determinants for eGFR Decline After Treatment of
PA
We performed univariate analyses to determine vari-
ables associated with eGFR decline after treatment of
PA (Table II). Significant predictors were lower eGFR
before treatment, lower renin, lower potassium, and
higher aldosterone. We entered these variables for
multiple regression analysis. Backwards elimination left
eGFR before treatment (P=.001), plasma aldosterone
(P<.001), plasma renin (P=.048), and plasma potassium
(P=.008) as independent risk factors (P<.05) for eGFR

decline. The R2 of the overall model was 0.317. The
variance inflation factor (VIF) did not exceed 5 for any
variable.

Determinants of Renal Function After Treatment of
PA
Determinants of eGFR after treatment in univariate
analyses included older age, female sex, longer esti-
mated duration of hypertension, BAH as type of PA,
lower eGFR before treatment, higher plasma aldos-
terone, and lower plasma potassium. We entered these
factors into a multivariate regression analysis. Back-
wards elimination left age (P=.012), eGFR before
treatment (P<.001), plasma aldosterone (P<.001), and
plasma potassium (P=.017) as significant predictors
(P<.05). R2 of the overall model was 0.579. The VIF did
not exceed 5 for any variable.

Effects of Post-Treatment Change in BP on Renal
Function
In 76 patients, BP was measured by the same method
before and after treatment. In these patients, we evaluated
the effects of change in BP on the correlationswith plasma
aldosterone level, the strongest independent predictor in
both multivariate analyses, to see whether plasma aldos-
terone also predicts eGFR decline adjusted for BP and
eGFR after treatment adjusted for BP. eGFR decline
significantly correlated with plasma aldosterone
(R2=0.147,P<.001).When adjusted for decline in systolic
BP, this correlation remained significant (R2=0.247,
P<.001). Ultimately attained eGFR after treatment signif-
icantly correlated with plasma aldosterone (R2=0.051,
P=.014). When adjusted for change in systolic BP, this
correlation also remained significant (R2=0.092, P=.008).

TABLE I. Patient Characteristics

Baseline 6 Months

No. No.

Age, y 113 52�11

Men, No. (%) 113 84 (74)

Body mass index, kg/m2 105 28.0�5.1

Estimated duration of hypertension, y 103 9.6�8.2

Type APA/BAH, No. (%) 113 62/51 (55/45)

Serum creatinine, lmol/L 113 82�19 113 99�29

eGFR, mL/min/1,73 m2 113 89�17 113 75�19

Plasma aldosterone, nmol/L 113 0.83�0.83 45 0.31�0.31

Plasma renin, mU/L 113 5.00�2.84

Plasma potassium, mmol/L 113 2.9�0.36 111 4.1�0.48

No. of patients with SBP above target value, No. (%) 113 98 (87) 102 56 (55)

No. of patients with DBP above target value, No. (%) 113 92 (81) 102 53 (52)

SBP, mm Hga 113 157�22 105 138�14

DBP, mm Hga 113 97�12 105 87�12

Abbreviations: APA, aldosterone-producing adenoma, BAH, bilateral adrenal hyperplasia; DBP, diastolic blood pressure; eGFR, estimated glomerular

filtration rate using the Chronic Kidney Disease Epidemiology Collaboration formula; SBP, systolic blood pressure. Data are expressed as

mean�standard deviation. aBlood pressure was measured using daytime ambulatory blood pressure monitoring using an electronic device or manually

during an office visit or at home. In a subset of 76 patients, blood pressure was measured by the same method before and after treatment; this group

was used to evaluate the effect that decline of blood pressure had on renal function.

FIGURE. The change in renal function as a function of pretreatment
and post-treatment renal function. eGFR indicates estimated
glomerular filtration rate.
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DISCUSSION
The finding of a declining eGFR after treatment of PA is
in line with results of earlier studies.5,12,13 Independent
predicting factors for the decline in eGFR are pretreat-
ment plasma aldosterone, plasma renin, plasma potas-
sium, and pretreatment eGFR. These are the same
predictors Catena and colleagues5 found for decline in
creatinine clearance. In contrast, a study by Iwakura
and coworkers13 found urinary albumin excretion and
potassium to be the only two independent predictors.
Data on urinary albumin excretion were missing in too
many patients in our cohort, therefore we could not
verify whether inclusion of urinary albumin would
increase the R2 of our multivariate model. When
evaluating the predictors for ultimately attained post-
treatment renal function, age was an additional
predicting variable, confirming results from earlier
published studies.14 To our knowledge, this is the first
study to look at predictors for both renal function
decline and ultimately attainted renal function in the
same patient cohort.
In our study, we found that GFR decline correlates

with post-treatment renal function. This is important, as
it may signify that hyperfiltration is a larger component
of pretreatment GFR in patients who later prove to have
the worst renal function (Figure). In other words, the
extent of structural renal damage becomes apparent
after removing the direct aldosterone effects. The extent
of structural damage is masked until then by the
functional effect of aldosterone excess. Therefore, when
evaluating renal function of an untreated PA patient,
physicians should not only take into account eGFR but
also aldosterone level, predicting both GFR decline and
post-treatment renal function. Aldosterone strongly

correlates with both GFR decline and post-treatment
renal function, although a causal relationship cannot be
established by our data.
Change of BP has an effect on renal function. Other

studies have shown that if patients with PA are
compared with patients with primary hypertension,
change of BP accounts for only a small part of the total
change in eGFR in these patients.11,12 In our study,
adjusting eGFR decline and ultimately attained renal
function for change in systolic BP did not reduce the
correlation found with plasma aldosterone level.
The decline in eGFR is most readily explained by a

state of hyperfiltration in untreated PA, which is then
reversed by treatment.6,11,12 Hyperfiltration in PA
might be explained by the sodium-retaining effect,
caused by excess aldosterone.17 Escape from this
sodium-retaining effect happens by an increase in
extracellular fluid volume, followed by a return to
sodium balance, at the expense of a proportional
increase in eGFR and renal plasma flow.17 In addition
to the role in potassium and sodium regulation,
aldosterone may also have various vascular effects that
may lead to increased filtration fraction.18 In a study by
Arima and colleagues,19 aldosterone was shown to
constrict both afferent and efferent renal arterioles,
with a higher sensitivity for efferent arterioles, thereby
elevating glomerular capillary pressure and filtration
fraction.
How structural renal damage develops in PA patients

is not clear. It is possible that hyperfiltration due to
hyperaldosteronism itself plays a role. Hyperfiltration
occurs in several clinical conditions, such as diabetes
mellitus.20 A meta-analysis of 10 cohort studies in
patients with diabetes mellitus regarding a possible

TABLE II. Results of Univariate and Multivariate Regression Analysis

GFR Decline GFR After Treatment

P Univariate P Multivariate b Multivariate P Univariate P Multivariate b Multivariate

Age, y >.1 – – .000 .012 �0.182

Sex >.1 – – .022 >.05 –

BMI, kg/m2 >.1 – – >.1 – –

Duration of hypertension, y >.1 – – .093 >.05 –

Subtype, APA/BAH >.1 – – .065 >.05 –

eGFR before treatment,

mL/min/1,73 m2

<.001 .001 0.286 <.001 <.001 0.597

Plasma aldosterone, nmol/L <.001 <.001 0.350 .012 <.001 �0.247

Plasma renin, mU/L .099 .048 �0.162 >.1 –

Plasma potassium, mmol/L .038 .008 �0.225 .004 .017 0.155

SBPa >.1 – – >.1 – –

DBPa >.1 – – >.1 – –

Abbreviations: BAH, bilateral adrenal hyperplasia; BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate using

the Chronic Kidney Disease Epidemiology Collaboration formula; SBP, systolic blood pressure. The constant for the multivariate regression formula for

GFR decline is 18.916, the constant for GFR after treatment is 15.734.

aBlood pressure values are categorized as either above or below the cutoff value for normal BP as described by the 2013 European Society of

Hypertension guidelines for each type of BP measurement.15
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association between hyperfiltration and renal dysfunc-
tion showed an increased risk for renal failure in
patients with hyperfiltration in comparison to patients
without hyperfiltration.21 It seems to be the combina-
tion of an elevated eGFR and elevated glomerular
capillary pressure that causes renal impairment.20 This
is in line with the observation that lowering of
glomerular capillary pressure by renin-angiotensin-
aldosterone system inhibitors slows the decline of renal
function in these patients.22

Interestingly, treatment with MRAs has also been
shown to have beneficial results on renal function in
diabetic patients, indicating that aldosterone might also
be an important factor in diabetic nephropathy.23–25

Alternatively, aldosterone itself might cause renal dam-
age, independent of hyperfiltration. Aldosterone causes
fibrosis in the heart, and in vitro studies have shown that
this feature is at least in part nonhemodynamically
mediated.26–28 In the kidney, aldosterone induced
fibrotic changes in normotensive mice.29 These fibrotic
changes are stimulated by mineralocorticoid receptor–
dependent as well as -independent mechanisms.30 In this
case, structural damage might be the cause instead of
the result of hyperfiltration. It could be that the kidney
hyperfiltrates as a form of functional compensation for
structural damage in a similar way as occurs after
nephrectomy in living kidney donation, where glomeru-
lar hyperfiltration of the remaining kidney is an adaptive
feature.31

CONCLUSIONS
Moderately impaired renal function and a high plasma
aldosterone level may predict a relatively large decline in
kidney function after treatment of PA. This is compatible
with a state of glomerular hyperfiltration in untreated PA.
The most important message for daily clinical practice is
that physicians should realize that to predict renal
function after treatment of PA, pretreatment eGFR alone
is not a good marker. Pretreatment eGFR may appear
only slightly impaired as a consequence of hyperfiltration
and may decline after treatment. The physician may
expect a large decline in eGFR in particular if serum
aldosterone is high before treatment.
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