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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Spironolactone has recently been shown to

exert beneficial effects on the cardiovascular
and renal systems. To date, its use in patients
with chronic kidney disease has been
limited due to potential risks of
hyperkalaemia and declining renal
dysfunction.

WHAT THIS STUDY ADDS
• Non-diabetic patients with early stage

chronic kidney disease (CKD) on
concomitant therapy with angiotensin
converting enzyme (ACE) inhibition or
angiotensin II receptor blockade with a
serum potassium of <5.5 mmol/L and no
history of hyperkalaemia who were
randomized in a trial to treatment with
spironolactone for 40 weeks had low rates
of serious hyperkalaemia (<1%) and
worsening renal function (<3%). Frequent
biochemical monitoring is required for the
initial 4 weeks but only routine monitoring
is needed thereafter.

AIM
Mineralocorticoid receptor blockade (MRBs) in combination with
angiotensin converting enzyme (ACE) inhibitors and angiotensin-II
receptor blockade (ARBs) improve prognostic markers of cardiovascular
and renal disease in early stage chronic kidney disease (CKD). Concerns
relating to the safety and tolerability of MRBs in CKD may limit their
use in a non clinical trial setting.

METHODS
In the Chronic Renal Impairment in Birmingham II study, 115 patients
with non-diabetic early stage CKD (eGFR 30–89 ml/min/1.73m2)
received 25 mg daily of spironolactone for 4 weeks before
randomization to continuing treatment or placebo for a further 36
weeks. All patients were on ACE inhibitors and/or ARB therapy.
Potassium and renal function were checked at weeks 1, 2, 4, 8, 16, 28
and 40. The incidence of hyperkalaemia, significant renal dysfunction
(reduction eGFR �25%) and adverse effects was assessed.

RESULTS
After 40 weeks of treatment the incidence of serious hyperkalaemia (K+

�6.0 mmol/L) was <1%. A potassium 5.5–5.9 mmol/L occurred on �1
occasion over follow-up in 11 patients (nine on spironolactone) and
was predicted by baseline potassium �5.0 mmol/L and eGFR
�45 ml/min/1.73m2. Over follow-up, three patients experienced
significant renal dysfunction but no patients withdrew due to
intolerance or side effects. Changes in potassium, eGFR and systolic
blood pressure were most apparent in the first 4 eeks.

CONCLUSION
Spironolactone was well tolerated in selected patients with early stage
CKD. Strict monitoring over the first month of treatment followed by
standard surveillance as for ACE inhibitors and ARBs is suggested.
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Introduction

There has been a major increase in the use of mineralocor-
ticoid receptor blockade (MRBs) over the past decade fol-
lowing the demonstration of their efficacy in the treatment
of heart failure, left ventricular dysfunction following
myocardial infarction and resistant hypertension [1–4].
However, an increased risk of hyperkalaemia and decline in
renal function with these drugs, particularly when used in
combination with angiotensin converting enzyme (ACE)
inhibitors or angiotensin receptor blockade (ARBs) [5, 6]
has led to an avoidance of such treatment in a non-clinical
trial setting in patients with chronic kidney disease (CKD).

Paradoxically, although co-existing CKD is present in up
to 60% of patients with heart failure the use of MRBs is
usually well tolerated.There is also now a small but increas-
ing body of evidence showing that MRBs exert beneficial
renal and cardiovascular effects in patients with CKD [7, 8].
A number of investigators have shown a slowing in the
decline in renal function using MRBs in CKD [8, 9]. In the
Chronic Renal Impairment in Birmingham II (CRIB-II) study
we have demonstrated beneficial effects of spironolactone
on LV mass and arterial stiffness, probably as a result of
anti-inflammatory and anti-fibrotic effects in the heart
and vasculature [10, 11]. It is postulated that the efficacy
of MRBs reflects further suppression of the renin-
angiotensin-aldosterone system. In patients with CKD
aldosterone concentrations are often high due to aldoster-
one ‘escape’ and despite chronic treatment with ACE
inhibitors or ARBs, concentrations remain elevated in up to
50% of patients, a phenomenon known as aldosterone
‘breakthrough’. This provides a rationale for the increasing
use of MRBs in CKD and emphasizes the urgent need for
data on their safety and tolerability in this setting [12].

In this retrospective sub-analysis of the CRIB-II study we
report in detail the effects on renal function, potassium,
blood pressure and tolerability that occurred over 40
weeks of treatment with spironolactone.

Methods

The CRIB-II study was a double-blind, randomized, placebo
controlled trial investigating the effect of low dose
spironolactone (25 mg daily) in early CKD. The design and
clinical characteristics of the patients have been published
previously [13]. In brief, inclusion criteria for the study were:
stage 2 or 3 CKD (estimated glomerular filtration rate
(eGFR) 30–89 ml/min/1.73m2 using the Modification of
Diet in Renal Disease (MDRD) equation) [13], established
treatment with ACE inhibitors and/or ARBs at maximally
tolerated doses for at least 6 months before enrolment into
the study and controlled blood pressure (24 h ambulatory
�135/85 mmHg) on standard therapy. Exclusion criteria
included symptomatic cardiovascular disease, uncon-
trolled blood pressure (�135/85 mmHg), diabetes mellitus

and a serum potassium �5.5 mmol/L. The protocol was
approved by South Birmingham Local Research Ethics
Committee and all patients gave written informed
consent. Drug nomenclature in this manuscript conforms
to British Journal of Pharmacology guidelines [14].

Protocol
After baseline clinical and biochemical assessment,
patients received 4 weeks of open label treatment with
spironolactone 25 mg once a day. Surveillance of renal
function and serum potassium were performed after
weeks 1, 2 and 4 of treatment. All samples were collected in
the hospital and processed by the core laboratory within
30 min of collection. Intra-assay variation for serum potas-
sium in the core laboratory was 1.0% with a standard
deviation of 0.1 mmol/L. The protocol for management of
hyperkalaemia is described in Table 1. Patients were also
withdrawn if eGFR was reduced by �30% compared with a
previous sample or if they were intolerant of the study
medication. Patients unwell with vomiting or diarrhoeal
illnesses had study medication temporarily suspended.
Patients were maintained on their normal diet throughout
the study and were not given any additional advice on
dietary sodium or potassium restriction

At the end of week 4, patients were randomized to
double-blinded treatment with either continued spirono-
lactone at their current dose or to placebo for a further 36
weeks. Renal function and potassium were measured after
week 8, 16, 28 and on final review at week 40. Adjustments
to spironolactone/placebo dose during the double-
blinded treatment phase were made as above according
to serum potassium concentration. Ambulatory 24 h blood
pressure and proteinuria [assessed by urinary albumin-
: creatinine ratio (ACR)] were made at baseline, week 4 and
week 40 prior to discontinuation of treatment. At each
study visit, patients were actively questioned as to possible
side effects including disturbed menstrual cycle, breast
tenderness, erectile dysfunction and gynaecomastia.

Statistical analysis
All data were analyzed using SPSS version 16 (SPSS Inc,
Chicago, Il, USA). Data are mean or absolute/percentage

Table 1
Management of hyperkalaemia in the CRIB II study [10]

Serum potassium
(mmol/L) Action

�6.5 mmol/L Appropriate treatment and withdrawal from study
6.0–6.4 mmol/L Abstain for 1 week, recommence at 25 mg

spironolactone on alternate days

�6.0 mmol/L on
repeat testing

Withdrawal from study

�5.5–5.9 mmol/L Change to 25 mg spironolactone on alternate days

<5.4 mmol/L No action

N. C. Edwards et al.
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change � 95% confidence intervals (95% CI) or SD. Non-
normally distributed data are presented as median (inter-
quartile range) and were log-transformed for analysis.
Continuous variables over the first 4 weeks of treatment
were compared between groups using paired t-tests and
quartiles using one way analysis of variance with Tukey
post hoc test. Between weeks 0–40 groups were compared
using repeated measures analysis of variance. Odds ratios
(OR) and 95% CI for a reduction in eGFR (>10%), serum
potassium �5.5 mmol/L and reduction in systolic blood
pressure (�10%) were derived using logistic regression.
Multiple linear regression models were used to assess the
predictors of change in eGFR, potassium and blood pres-
sure. Models included baseline demographic and clinical
features known to increase the risk of occurrence (age,
male gender, concurrent ACE inhibitor, ARB or spironolac-
tone use, eGFR �45 ml/min/1.73m2 and baseline potas-
sium �5 mmol/L) [15]. Analysis was adjusted for baseline
differences. Co-linearity between explanatory variables
was assessed by examining the variance inflation factor. A
P value <0.05 was considered significant.

Results

One hundred and seventeen patients were consented to
participate in CRIB-II. The three primary aetiologies were
glomerular disease (55%), quiescent vasculitis (13%) and
adult polycystic disease (8%). Two patients were excluded
prior to the open labelled treatment due to uncontrolled
blood pressure and baseline serum potassium
�5.5 mmol/L.Baseline demographic and biochemical data
for both treatment groups are presented in Table 2.

Open label treatment with spironolactone
Three patients were withdrawn during the 4 weeks of open
label spironolactone treatment; two patients for safety
reasons: one with serious hyperkalaemia (potassium
6.8 mmol/L) at week 3, and one with symptomatic
hypotension and significant deterioration of eGFR (�30%)
at week 3. One patient withdrew consent.

After 4 weeks of spironolactone the mean eGFR was
reduced by 3%, an absolute change of -1.6 ml/min/1.73m2

(95% CI -2.5, 0.8, P < 0.01). Serum creatinine increased by
+7 mmol/L (95% CI 5 9, P < 0.01).The change in mean eGFR
was not different between quartiles of baseline GFR (P =
0.80) (Figure 1), quartiles of age (P = 0.07) or gender (P =
0.9) or predicted by any variable in a multivariate regres-
sion model (Table 3).

Mean serum potassium was increased by 0.22 mmol/L
(95% CI 0.14, 0.30, P < 0.01) over the first 4 weeks of treat-
ment with spironolactone. In accordance with our proto-
col,five patients with mild hyperkalaemia (5.5–5.9 mmol/L)
were switched to alternate day spironolactone at week 1
and one further patient was switched to alternate day
treatment at week 2. The patients in the lowest quartile of

potassium at baseline showed the greatest absolute
change over the first 4 weeks (Figure 2 and Table 3). Predic-
tors of the change in potassium in multivariate regression
were baseline potassium (each 0.1 mmol/L increase pre-
dicted a -0.47 mmol/L decrease at week 4), baseline
eGFR (each 10 mmol/L ml/min/1.73m2 increase predicted

Table 2
Baseline characteristics of patients randomized to treatment with
placebo or spironolactone

Placebo
(n = 56)

Spironolactone
(n = 56)

Age (years) 53 � 12 54 � 12
Male gender (%) 59 57

Body surface area (m2) 1.9 � 0.2 1.9 � 0.2
Office systolic blood pressure (mmHg) 130 � 19 130 � 16

Office diastolic blood pressure (mmHg) 77 � 10 77 � 10
Biochemistry

eGFR (ml/min/1.73m2) 53 � 11 49 � 12
Serum creatinine (mmol/L) 124 � 34 133 � 35
Serum potassium (mmol/L) 4.3 � 0.3 4.4 � 0.8
ACR (mg/mmol) 8.2 (48.4)* 9.5 (34.9)*

Total number medications per patient 1.6 2.1
ACE inhibitor 37 37
ARB 17 18
ACE inhibitor + ARB 2 1
Calcium channel blockade 17 13
b-adrenoceptor blockade 8 15
Diuretics† 13 18

Mean � SD, *median (inter-quartile range). †Diuretics; bendroflumethiazide 3 vs.
5, furosemide 10 vs. 13, placebo and spironolactone respectively. No significant
differences between baseline characteristics. ACR, urinary albumin : creatinine
ratio; ARB, angiotensin receptor blocker.
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Figure 1
Change in eGFR over the first 4 weeks of open labelled treatment with
spironolactone by quartiles of baseline eGFR. Data are median, upper and
lower quartiles (box) and range using one way analysis of variance with
post hoc Tukey test
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a -0.11 mmol/L reduction) and age (each increase of 10
years predicted an increase 0.10 mmol/L). However, the
only predictor for the development of hyperkalaemia
(potassium �5.5 mmol/L) during weeks 0–4 in a logistic
regression model was baseline potassium �5.0 mmol/L
(OR 5.0; 95% CI 1.0, 25, P = 0.04).

Ambulatory systolic and diastolic blood pressures were
reduced at week 4 compared with baseline: systolic
-7 mmHg (95% CI -10, -5, P < 0.01), diastolic blood pres-
sure -5 mmHg (95% CI -7, -4, P < 0.01). In multivariate
regression, the change in ambulatory systolic blood pres-
sure was predicted by baseline systolic blood pressure
(each 10 mmHg increase in baseline systolic predicted
-2.5 mmHg reduction at week 4) and gender (Table 3).

Urinary ACR was also significantly reduced after 4
weeks of spironolactone therapy from median 7.4 mg/

mmol (95% CI 0, 603) to 4.1 mg/mmol (95% CI 0, 518, P <
0.01). Thirty-nine patients (35%) had a reduction in ACR of
�50% from baseline. Comparing these patients with those
with a lower percentage reduction in ACR, there were no
differences in age, baseline eGFR, baseline ACR, baseline
blood pressure or medication usage. In logistic regression,
the single independent predictor of the change in ACR was
a reduction in systolic office blood pressure over the first 4
weeks of treatment (OR 4.4, 95% CI 1.4, 14.0, P < 0.01).There
was no association between change in ACR and change in
eGFR.

Randomized treatment with spironolactone or
placebo
In total, 112 patients were randomized equally to spirono-
lactone or placebo. Two patients were withdrawn during
the double-blind randomized phase of the study; one
patient randomized to spironolactone withdrew consent
in week 6 and one patient randomized to placebo had a
symptomatic relapse of Wegener’s granulomatosis in week
15. No patients were withdrawn for iatrogenic complica-
tions or side effects.

Compared with baseline, eGFR was reduced in patients
on spironolactone at week 40 (49 ml/min/1.73m2 vs. 46 ml/
min/1.73m2, P < 0.01) (Figure 3). On placebo, baseline eGFR
did not change significantly over follow-up (53 ml/min/
1.73m2 vs. 52 ml/min/1.73m2, P = 0.48).Estimated GFR mea-
sured as per protocol at weeks 8, 16 and 28 was lower on
spironolactone compared with placebo but there was no
significant difference by week 40 (46.1 ml/min/1.73m2 vs.
52.3 ml/min/1.73m2, P = 0.09) (Figure 3). Four patients
(three on spironolactone) experienced a clinically signifi-
cant reduction in eGFR (25–29%) but with such small
numbers it was not possible to identify co-variates which
were predictive in a logistic regression model. Minor
reductions in eGFR (10–20%) were more common with
spironolactone, 17 patients vs. nine patients on placebo. In
a logistic regression model, a reduction in eGFR of �10%
was predicted by baseline eGFR �45 ml/min/1.73m2

and treatment assignment to spironolactone (Table 4).

Table 3
Linear regression models for change in eGFR, potassium and systolic blood pressure after 4 weeks of spironolactone treatment

Variables
Change in eGFR Change in potassium Change in systolic BP
b coefficient + (SE) b coefficient + (SE) b coefficient + (SE)

Age -0.003 (0.005) P = 0.96 0.01 (0.003) P < 0.01 -0.02 (0.10) P = 0.82
Male gender 0.61 (1.27) P = 0.63 0.07 (0.07) P = 0.35 -5.78 (2.61) P = 0.03

Baseline eGFR -0.02 (0.05) P = 0.64 -0.01 (0.003) P < 0.01 0.08 (0.08) P = 0.34
Baseline 24 h systolic BP 0.04 (0.06) P = 0.45 0.002 (0.003) P = 0.43 -0.25 (0.11) P = 0.03

Baseline potassium N/A -0.50 (0.08) P < 0.01 N/A
ACE inhibitor* -1.56 (1.34) P = 0.25 -0.02 (0.07) P = 0.75 2.05 (2.26) P = 0.37

Three models are shown: the first the 4 weeks of open labelled treatment with spironolactone. Estimates for all models are adjusted for the variables listed and also for use of
b-adrenoceptor blockade, statins, diuretics, calcium channel blockade. *ACE inhibitor and ARB were used in separate models in view of co-linearity. Substituting ARBs did not
significantly alter the data (not shown). b coefficient, unstandardized b-coefficient; SE, standard error; BP, blood pressure; N/A, variable not known to influence dependent variable.
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Compared with patients with �10% reduction in eGFR,
these patients had a greater reduction in office systolic
blood pressure (-7 mmHg � 8 vs. 2 mmHg � 8, P = 0.01)
and lower baseline eGFR (47 ml/min/1.73m2 � 13 vs.
53 ml/min/1.73m2 � 12, P < 0.01).

After randomization mean serum potassium concen-
trations were persistently higher (P < 0.05) with spironolac-
tone than with placebo but remained stable over the 36
weeks of follow-up (Figure 4). No patients experienced
serum potassium �6 mmol/L and only four patients had a
potassium �5.5 mmol/L; two with spironolactone and
two with placebo. Nine patients on spironolactone and
two on placebo had a potassium �5.5 mmol/L on at least
one occasion over 40 weeks of treatment. The risk of
developing a serum potassium �5.5 mmol/L during
40 weeks of treatment was increased if baseline potassium
was �5.0 mmol/L and baseline eGFR �45 ml/min/1.73m2

(Table 4).
At week 40, spironolactone significantly reduced

ambulatory systolic blood pressure (-6 mmHg [95% CI -8,
-3] vs. -1 mmHg [95% CI -3,1], P < 0.01) and pulse pressure
(-2 mmHg [95% CI -4, -1] vs. 0 mmHg [95% CI -2, 1], P <
0.05) compared with placebo. Diastolic blood pressure
(-3 mmHg [95% CI 5, -1] vs. -1 [95% CI -3, 0], P = 0.20) and
mean arterial pressure (-3 mmHg [95% CI, 5, -1] vs. -1
[95% CI -3, 1], P = 0.12) were reduced but did not reach
statistical significance. In multivariate regression, the
changes in ambulatory systolic blood pressure and pulse
pressure were predicted by baseline ambulatory systolic
blood pressure (Table 4).

Urinary ACR was significantly reduced with spironolac-
tone (-3.2 mg/mmol/L (-38 to +11) vs. -0.6 (-14 to +5)

compared with placebo (P < 0.05). Thirty patients on
spironolactone and 14 on placebo experienced a reduc-
tion in ACR of greater than 50%. This reduction was
predicted in logistic regression by treatment with
spironolactone (OR 4.5, 95% CI 1.6, 12.2, P < 0.01), a reduc-
tion in 24 h systolic blood pressure (OR 3.4, 95% CI, 1.1,
10.5, P < 0.05) and treatment with an ACE inhibitor (OR 4.8,
95% CI 1.5, 15.7, P < 0.01) and ARBs (OR 1.3, 95% CI 1.1, 1.9,
P < 0.05) but no other variables in the model including
number of antihypertensives, age and baseline eGFR.

Tolerability
There were no reports of disturbed menstrual cycle, breast
tenderness, erectile dysfunction or gynaecomastia.

Discussion

These results provide support for the safety and tolerabil-
ity of low dose spironolactone with concurrent ACE inhibi-
tor or ARB treatment in selected patients with non-diabetic
early stage CKD. In a cohort of patients with well charac-
terized renal disease treated with spironolactone, the inci-
dence of serious hyperkalaemia (>6 mmol/L) was <1% and
that of a clinically significant (�25%) reduction in eGFR
was <5% over the 40 weeks of treatment. Changes in
potassium, eGFR and systolic blood pressure were most
apparent in the first month of treatment but only 2% of
patients required treatment discontinuation within 4
weeks. Of the 56 patients randomized to continuing
therapy with spironolactone, all remained stable thereafter
with no serious adverse events occurring during 36 weeks
of follow-up.

In our study a pre-treatment serum potassium
�5 mmol/L was predictive for the development of hyper-
kalaemia and thus we would agree with the original RALES
criterion [1] and not recommend spironolactone in such
patients. It is important to note that our patient population
was selected to minimize the chances of serious iatrogenic
hyperkalaemia; patients with a history of hyperkalaemia,
diabetes and CKD stages 4 and 5 were excluded. Spirono-
lactone did reduce proteinuria but this effect was modest
and was associated, perhaps causatively, with blood pres-
sure reduction. However, these data are encouraging, with
plentiful available evidence linking even minor reductions
in proteinuria with both improved renal and cardiovascu-
lar outcomes [16].

Following publication of the RALES study, several
studies raised safety concerns about MRBs in combination
with ACE inhibitors and ARBs in patients with heart failure
[5, 17, 18]. A population based study of patients aged �66
years treated for heart failure reported a three-fold
increase in prescriptions for spironolactone after RALES
and a two-fold increase in hospital admissions with hyper-
kalaemia and associated mortality [17]. Analysis identified
poor patient selection as a major contributory factor for
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the adverse events observed in the‘real world’. Indeed, over
a third of patients prescribed spironolactone after RALES
did not meet the study inclusion criteria at the time of
discharge from hospital. Specifically, 17% of patients had
severe renal impairment (eGFR <30 ml/min/1.73m2), 23%
had discharge potassium of >5 mmol/L and 17% were still
receiving potassium supplements. Other factors which
increased the risk of hyperkalaemia included inadequate
monitoring of potassium concentrations, neglect of pre-
disposing factors to hyperkalaemia including diabetes,
concomitant mediations such as b-adrenoceptor blockade
and inappropriately high doses of spironolactone. It is
therefore reassuring that a recent publication reporting

the use of spironolactone in Scotland between 1994 and
2007, reported a similar marked increase in prescriptions
without an increase in hospital admissions for hyper-
kalaemia and low rates of serious hyperkalaemia. These
data reflect appropriate patient selection and an increase
in the rates of monitoring of serum potassium and creati-
nine. Indeed rates of mild hyperkalaemia (5.0–6.0 mmol/L)
were increased but without an increase in the incidence of
serious hyperkalaemia (�6.0 mmol/L) [19].

To date, safety data on the use of MRBs in patients with
CKD have been limited to small studies investigating their
role in reducing proteinuria and have been reassuring [8, 9,
20, 21]. Bomback et al. published a systematic review of the
effect of adding a MRB to an ACE inhibitor and ARBs for
proteinuria [8]. In the 15 studies and 436 patients reviewed,
a serum potassium �5.5 mmol/L was identified in 5.5% of
patients. Post treatment mean eGFR was reduced in three
studies with study durations up to 12 months, although
these reductions were considered clinically insignificant
(74 to 67, 87 to 74, 57 to 54 ml/min/1.73m2). A recent ran-
domized controlled trial in patients with idiopathic glom-
erular disease and an eGFR of >30 ml/min/1.73m2 provided
information on long term (3 years) treatment with a MRB.
Spironolactone was combined with both an ACE inhibitor
and an ARB plus a statin in the ‘intensive’ treatment group
[22]. While mean serum potassium increased only slightly
in comparison with the control group, the rate of hyper-
kalaemia (potassium �5.5 mmol/L after dose frequency
reduction) was 9/64 in the intensive regimen compared
with 3/64 in the conventional group. This may have been
due to the concomitant use of both ARBs and ACE inhibi-
tors, a treatment strategy not commonly employed. In the
spironolactone group, eGFR fell approximately 2% over the
first 3 months before subsequently improving and was not
significantly different from the baseline value at the end of
follow-up. This change is consistent with our own findings
of a mean 3% reduction in eGFR over the first month of
open-label treatment before improving over further

Table 4
Logistic regression models for change in eGFR, potassium and systolic blood pressure over 40 weeks of treatment

Variables

eGFR
reduction >10%

Potassium
>5.5 mmol/L anytime

Systolic BP
reduction >10%

OR (95% CI) OR (95% CI) OR (95% CI)

Age 1.0 (0.1, 1.1) P = 0.40 1.0 (0.9, 1.0) P = 0.10 0.96 (0.9, 1.0) P = 0.19
Male gender 1.2 (0.4, 3.5) P = 0.86 0.4 (0.1, 2.4) P = 0.33 3.3 (0.8, 13) P = 0.10

eGFR <45 ml/min/1.73m2 3.2 (1.1, 9.4) P = 0.04 5.8 (1.1, 29.0) P = 0.04 1.0 (0.2, 4.6) P = 0.96
Baseline 24 h SBP 1.0 (1.0, 1.1) P = 0.56 1.0 (0.9, 1.0) P = 0.40 1.1 (1.0, 1.3) P < 0.01

Baseline K >5 mmol/L NA 16.5 (4.4, 61.0) P < 0.01 NA
ACE inhibitor* 2.0 (0.6, 6.9) P = 0.25 0.7 (0.1, 4.1) P = 0.69 0.8 (0.2, 3.3) P = 0.80

Spironolactone 6.1 (1.9, 19.7) P = 0.01 0.7 (0.1, 3.5) P = 0.63 1.2 (0.2, 6.3) P = 0.3

Three models are shown: 40 weeks of treatment with spironolactone and placebo. Estimates for all models are adjusted for the variables listed and also for use of b-adrenoceptor
blockade, statins, diuretics, calcium channel blockade. Baseline potassium was not thought to contribute to reduction in eGFR or BP and is not examined in the model. *ACE inhibitor
and ARB were used in separate models in view of co-linearity. Substituting ARBs did not significantly alter the data (not shown). K, serum potassium; OR, Odds ratio (95% CI); SBP,
systolic blood pressure.
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follow-up and is similar to that observed following initia-
tion of ACE inhibitors [23].

Mild hyperkalaemia (5.5–5.9 mmol/L) during MRB
therapy is common but is probably of no adverse clinical
significance [24]. In our study, 8% of patients on spirono-
lactone and 2% on placebo had a potassium �5.5 mmol/L
on one or more occasion over 40 weeks of treatment. In a
recent prospective observational study of 820 patients
with CKD stages 3–5, a potassium concentration between
5.5 and 5.9 mmol/L was not associated with an increased
mortality rate or progression to end-stage CKD over an
average follow-up of 2.6 years [24]. Indeed, there was an
increased risk of end-stage CKD and death with serum
potassium concentrations �4.0 mmol/L. Thus there may
be a U-shaped relationship between potassium and mor-
tality in CKD, with an optimum ‘eukalaemic’ range for
serum potassium concentration of between 4.1 and
5.5 mmol/L. In CRIB-II, 16 patients randomized to placebo
had a serum potassium �4 mmol/L during follow-up com-
pared with eight patients with spironolactone.

An early reduction in eGFR can be anticipated with
spironolactone just as it can be following treatment with
ACE inhibitors and ARBs, and renal function should be
monitored [23].The frequency of monitoring in CRIB-II was
greater in the first month of treatment than is commonly
employed following initiation of ACE inhibitors and ARBs
but does not differ significantly from protocols used for
anticoagulants such as warfarin where the importance of
frequent monitoring is accepted. This decision reflected
concurrent treatment with an ACE inhibitor and/or ARB
and the significant range of renal function; 34% of patients
in CRIB-II had an eGFR �45 ml/min/1.73m2. After random-
ization, we observed no increase in the risk of hyper-
kalaemia or reduction in eGFR compared with placebo.
Thus monitoring for adverse effects of spironolactone
after 4 weeks of therapy is probably required no more
frequently than is recommended for monitoring of
patients on ACE inhibitor/ARB therapy. Attention to the
risk factors for the development of hyperkalaemia
(eGFR �45 ml/min/1.73m2 and baseline potassium
�5.0 mmol/L) and clear advice to suspend spironolactone
temporarily with acute illnesses such as diarrhoea and
vomiting should help reduce such risks along with careful
patient selection.

We acknowledge that the optimum dosing and moni-
toring strategies are still to be determined and data from
large scale prospective studies will be required. Eminent
figures in this area have suggested a role for very low dose
spironolactone 12.5 mg daily [12] or using a titration
schedule of 25 mg on alternate days for 1 month with an
increase to daily treatment if potassium remains
�5 mmol/L [25]. We believe that a dose of 25 mg once
daily can be used safely providing adequate monitoring is
employed.

There are limitations to this study. Patients with dia-
betic CKD appear to be at high risk of hyperkalaemia [26].

Such patients were excluded from recruitment into CRIB-II
and it is important to emphasize that our data provide no
support for use of MRBs in this population. Patients were
recruited from specialist nephrology clinics limiting the
applicability of these data to those treated in primary care
who represent the majority of patients with CKD. Doses of
ACE inhibitors and ARBs were titrated to those maximally
tolerated but were not the same in all patients. Finally, we
can report only 40 weeks of follow-up data and cannot,
therefore, draw any conclusions as to the frequency of later
adverse event rates. Such adverse events can be precipi-
tated by acute illness or surgery occurring during treat-
ment and these events are unlikely during short treatment
periods.

In conclusion, low dose spironolactone is well tolerated
in selected patients with early stage CKD. The risks of
serious hyperkalaemia or significant renal deterioration
appear to be low, particularly after the first month of treat-
ment. Careful patient selection and biochemical monitor-
ing should ensure these adverse effects are minimized and
may be an early and ‘acceptable price’ in reducing cardio-
vascular events and preventing the progression of renal
disease in these high risk patients. These data serve to
heighten the need for a large scale clinical outcome trial
from which much needed further safety data would be
available.
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