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Summary

Background: Diastolic dysfunction is common in the el-
derly. Increased myocardial fibrosis, a major determinant of
diastolic function, has been observed with advancing age.
Spironolactone prevents age-related increases in myocardial
fibrosis in old normotensive rats. 

Hypothesis: Spironolactone, via its antifibrotic activity, can
improve diastolic function in the elderly with isolated diastolic
dysfunction. 

Methods: The study was a prospective, double-blind, ran-
domized, placebo-controlled trial. Thirty elderly subjects 
between 60 and 85 years of age with isolated diastolic dys-
function and no contraindications for spironolactone were
randomized to 25 mg/day of spironolactone or placebo for 
4 months. Mitral E/A and deceleration time, plasma levels 
of carboxy-terminal of procollagen type I (PICP), and brain
natriuretic peptide (BNP) were measured at baseline and at
the end of 4 months. Plasma level of potassium was also mon-
itored to prevent clinically significant hyperkalemia.

Results: There was no serious adverse event or clinically
significant hyperkalemia in the spironolactone group. Com-
pared with baseline values, spironolactone significantly im-
proved mitral E/A ratio (0.71 ± 0.08 vs. 0.84 ± 0.19, p = 0.025)
and deceleration time (285.5 ± 73.1 vs. 230.0 ± 54.7, p =
0.035). There were no significant differences in the magnitude

of change in the levels of PICP and BNP between the two
treatment groups. 

Conclusion: Spironolactone may improve diastolic func-
tion in the elderly.
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Introduction

Heart failure is a common cardiovascular disorder in the 
elderly,1, 2 occurring in about 6 to 10% of persons aged > 65
years.2 Among age-related alterations of cardiac structure and
function, impairment of ventricular diastolic function is, in
fact, the most pronounced.3 With advancing age, diffuse foci
of fibrosis due to increased interstitial collagen accumulation
are seen in the myocardium.3 Cardiac fibrosis is a major deter-
minant of diastolic and systolic function of the heart.4 Aldo-
sterone has been shown consistently to promote cardiac fibro-
sis in various experimental models.5, 6 It enhances extracellular
matrix and collagen deposition via its direct effect on miner-
alocorticoid receptors within the myocardium, independent of
its effect on blood pressure.7

Spironolactone has been shown to prevent cardiac fibrosis
in animals even at a dose that has no effect on blood pressure
(BP).8–10 In old normotensive rats, age-induced increases in
cardiac extracellular matrix accumulation can be prevented by
spironolactone, whereas angiotensin-converting enzyme inhi-
bition (ACEI) has no effect.11 We hypothesized that spirono-
lactone can prevent the progressive cardiac fibrosis associated
with aging and consequently prevent or delay age-related de-
cline in diastolic function in the elderly.

Methods

The study was a prospective, double-blind, randomized,
placebo-controlled trial. Thirty subjects between 60 and 85
years of age with evidence of mild diastolic dysfunction on
Doppler echocardiography were enrolled from our outpatient
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cardiology clinic. Subjects with the following criteria were ex-
cluded from the study: left ventricular systolic dysfunction
(ejection fraction < 45%), serum potassium ≥ 5.5 mEq/l, ser-
um creatinine ≥ 2.5 mg/dl, active myocardial ischemia, un-
controlled hypertension, required long-term steroid use, and
history of allergy to spironolactone. The study protocol was
approved by the institutional review board at Texas Tech Uni-
versity Health Sciences Center in Lubbock. 

After providing informed consent, each subject underwent
comprehensive clinical evaluation for signs and symptoms of
heart failure. The subjects were then randomized to receive ei-
ther 25 mg/day of spironolactone or placebo for 4 months and
were followed in the cardiology clinic at 2 weeks, 6 weeks,
and 4 months. Echocardiography with Doppler was repeated
at the end of 4 months. Blood samples were drawn at baseline
and at the end of 4 months for measurements of brain natri-
uretic peptide (BNP) and procollagen type I carboxy-terminal
peptide (PICP), a marker of fibrosis. In addition, blood sam-
ples were also drawn at 2 weeks for serum potassium. If hy-
perkalemia (serum potassium > 5.5 mEq/l) developed in the
presence of concomitant potassium supplement, the supple-
ment was discontinued and serum potassium was then repeat-
ed. Subjects with persistent or clinically significant hyper-
kalemia, or hyperkalemia in the absence of potassium supple-
ment, were removed from the study. 

All blood samples were immediately centrifuged at 1,900
rpm, then stored at �70°C. The PICP levels were determined
by commercially available kits from Takara Bio Incorporation,
Madison, Wisc., USA. Plasma BNP levels were determined
by triage B-type natriuretic peptide assay (Biosite Diagnostics,
La Jolla, Calif., USA).

Echocardiographic Studies

Two-dimensional echocardiography with Doppler was
performed according to standard guidelines. Transmitral
Doppler inflow was recorded in the apical four-chamber view
with sampling volume at the levels of the tip of the mitral
leaflets. Pulmonary venous Doppler was also recorded in the
apical four-chamber view whenever possible. Measurements
of mitral inflow deceleration time (DT), early-to-late (E/A)
mitral flow velocity ratio, and pulmonary venous systolic to
diastolic velocity ratio were performed on three consecutive
beats. The averaged values were used for analyses. All of the
measurements were performed by the same investigator (PS)
who was blinded to the treatment and serum potassium levels.
Diastolic dysfunction was diagnosed when the mitral E/A < 1
and DT > 240 ms. 

Statistical Analysis

Data are presented as mean ± standard deviation. A Student
t-test was used for continuous variables and the chi square test
was used for categorical variables. A paired Student t-test was
used for comparison between baseline and follow-up. A p val-
ue <0.05 was considered statistically significant.

Results

A total of 28 subjects completed the study. Two subjects
withdrew from the study for nonmedical reasons. Table I il-
lustrates selected demographic data of the study participants.
There were no significant differences between the two groups
in the baseline characteristics. The majority of the subjects
had hypertension and left ventricular hypertrophy. Coronary
artery disease was present in about 40% of the subjects. One
of the ACEIs or angiotensin receptor blockers (ARBs) at the
time of randomization was used in approximately half of the
subjects in either group. There were no significant adverse
events or clinically significant hyperkalemia during the entire
study period.

Effects of Spironolactone on Blood Pressure and 
Heart Rate

There were no significant differences in baseline BP and
heart rate between the two groups (Table II). Systolic BP in-
creased slightly from 142 ± 21 to 144 ± 20 mmHg in the
placebo group, whereas it decreased from 144 ± 22 to 138
±15 mmHg in the spironolactone group. Similar changes
were observed with diastolic BP but none of these changes
was statistically significant. Furthermore, heart rate at the end
of 4 months also did not change significantly from baseline in
both groups.

Effects of Spironolactone on Diastolic Function

There were no significant differences in baseline mitral E/A
and DT between the two groups (Table III). The follow-up mi-

TABLE I Baseline demographic and echocardiographic data

Variable Spironolactone Placebo

Age (years) 71.0 ± 5.5 72.1 ± 6.9
Female (%) 78 78
Hypertension (%) 85 78
Left ventricular hypertrophy (%) 64 50
Coronary artery disease (%) 42 38
ACEI or ARB (%) 47 54
LVEF (%) 64.2 ± 4.9 67.4 ± 3.3
LVEDD (mm) 42.8 ± 6.8 41.9 ± 8.9
Mitral E/A 0.71 ± 0.08 0.68 ± 0.17
Deceleration time (ms) 285.5 ± 73.1 296.9 ± 46.6
Mitral regurgitation
Mild (%) 27 33
Moderate (%) 7 7

Tricuspid regurgitation
Mild (%) 33 40
Moderate (%) 13 13

P = not significant for all variables.
Abbreviations: ACEI = angiotensin-converting enzyme inhibitor,
ARB = angiotensin receptor blocker, LVEF = left ventricular ejection
fraction, LVEDD = left ventricular end-diastolic dimension.
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tral E/A was slightly but not significantly higher in the spiro-
nolactone than in the placebo group (p = 0.17) (Fig. 1). There
was a trend toward lower DT in the spironolactone group at
follow-up, but the difference did not reach a statistically signif-
icant level (p = 0.06).

Compared with baseline values, mitral E/A improved sig-
nificantly in the spironolactone group (p = 0.025) whereas no
significant change was seen in the placebo group (p = 0.75).
Similarly, a significant change in DT from the baseline value
was only observed in the spironolactone group (p = 0.035).

The plasma levels of BNP were comparable between the
two treatment groups at baseline (Table III). Brain natriuretic
peptide levels increased slightly in both groups. The magni-
tude of change appeared higher in the placebo than the spiro-
nolactone group (41.0 ± 86.1 vs. 17.8 ± 41.8 pg/ml), but the
difference was not statistically significant (p = 0.43). 

Effects of Spironolactone on Serum Marker of 
Cardiac Fibrosis

Baseline levels of PICP were comparable between the two
groups (Table III). After 4 months of treatment, PICP levels
decreased significantly from baseline in both groups (p <
0.05). However, PICP levels at 4 months were not significant-
ly different between the spironolactone and placebo groups.

Discussion

To the best of our knowledge, the present study is the first
to evaluate specifically the potential benefit of spironolac-
tone in the elderly with isolated diastolic dysfunction. Our
study suggests that 4-month treatment with a low dose (25
mg/day) of spironolactone may improve diastolic function in
this population. 

Spironolactone has previously been shown to improve dias-
tolic function in hypertensive subjects with left ventricular 
hypertrophy.12 It has also been recently shown to improve sys-
tolic performance in hypertensives with diastolic heart fail-
ure.13 The subjects included in these studies were relatively
young, with a mean age of 53 ± 3 years in the study by Sato et
al.12 and 62 ± 6 years in the study by Mottram et al.13 Al-
though hypertension was present in the majority of our sub-
jects, almost half of them did not have left ventricular hyper-
trophy. Since hypertension is quite prevalent in the elderly,14

excluding patients with hypertension from our study would
have significantly limited potential subjects, and the result

TABLE II Effects of spironolactone on blood pressure and heart rate

Variables Spironolactone Placebo

Baseline
SBP (mmHg) 144 ± 22 142 ± 21
DBP (mmHg) 75 ± 14 72 ± 11
HR (beats/min) 77 ± 16 73 ± 10

Follow-up
SBP (mmHg) 138 ± 15 144 ± 20
DBP (mmHg) 73 ± 14 74 ± 11
HR (beats/min) 77 ± 11 69 ± 7

P = not significant for all variables.
Abbreviations: SBP = systolic blood pressure, DBP = diastolic blood
pressure, HR = heart rate.

TABLE III Effects of spironolactone on indices of diastolic function
and plasma levels of carboxy-terminal of procollagen type I (PICP)

Variables Baseline Follow-up Placebo

Mitral E/A ratio
Spironolactone 0.71 ± 0.08 0.84 ± 0.19 0.025
Placebo 0.68 ± 0.17 0.71 ± 0.29 NS

Deceleration time (ms)
Spironolactone 285.5 ± 73.1 230.0 ± 54.7 0.035
Placebo 296.9 ± 46.7 305.4 ± 123.8 NS

BNP (pg/ml)
Spironolactone 54.9 ± 64.2 64.2 ± 49.5 NS
Placebo 51.1 ± 52.7 88.2 ± 93.8 NS

PICP (ng/ml)
Spironolactone 289.2 ± 59.5 239.3 ± 57.7 <0.05
Placebo 297.6 ± 67.9 236.6 ± 85.8 <0.05

Abbreviations: NS = not significant (>0.05), BNP = brain natriuretic
peptide.

FIG. 1 Baseline and follow-up mitral E/A ratio in placebo (A) and spironolactone group (B). P = 0.75 for placebo and p = 0.025 for spironolac-
tone group.
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from such a study design may not be applicable to a significant
portion of the elderly population. Moreover, age-related in-
crease in cardiac fibrosis has been observed in the absence of
hypertension.3, 11

In contrast to our findings on the effect of spironolactone on
echocardiographic indices of diastolic function, we were un-
able to demonstrate a beneficial effect of spironolactone on
BNP levels (Table II). The duration of treatment in this study is
relatively short, but 4 months of spironolactone has previously
been shown to decrease BNP levels in patients with systolic
heart failure.15 Clinical heart failure was not required for en-
rollment into this study, and all of the subjects had only mild
diastolic dysfunction. These two factors may be in part re-
sponsible for the normal baseline levels of BNP (<100 pg/ml)
in our study population and limited our ability to detect the ef-
fect of spironolactone on BNP. Future study in subjects with
more advanced diastolic dysfunction, particularly those with
clinical heart failure may yield more favorable results on the
effect of spironolactone on BNP levels. 

Elevated PICP level (≥127 ng/ml) has been shown to corre-
late with severe fibrosis assessed by myocardial biopsy in hy-
pertensive heart disease.16 Higher levels of PICP were recent-
ly reported in hypertensives with than in those without heart
failure.17 Markedly elevated baseline PICP levels in our study
indicated that significant fibrosis was present in our elderly
with diastolic dysfunction. After 4 months of treatment with
spironolactone, PICP levels decreased significantly from
baseline values. A similar finding on the effect of spironolac-
tone on serum markers of cardiac fibrosis has been previously
demonstrated in patients with severe systolic heart failure;18

however, PICP also decreased to the same extent in our place-
bo group. The explanation for this finding is unclear at this
time, but the relatively long storage duration of plasma sam-
ples prior to the measurements of PICP at the end of the study
(average between 4–6 months) may have partly contributed to
the above findings.

Concomitant usage of ACEI or ARB was present in ap-
proximately half of our subjects. Spironolactone has, however,
been shown to be either superior or additive to ACEIs in re-
ducing cardiac fibrosis.12, 17 The result of this study suggests
that low-dose spironolactone in the presence of ACEIs or
ARBs is probably beneficial and safe in the elderly. 

Our study is, however, limited by its small sample size and
only mild diastolic dysfunction subjects were enrolled. The
mitral E/A utilized in this study is dependent on loading condi-
tion and other Doppler indices of diastolic function such as tis-
sue Doppler of the mitral valve annulus; it is probably prefer-
able to assess the effect of spironolactone on diastolic function.
Finally, the mechanism responsible for the observed benefit of
spironolactone in our subjects remains unclear. Although the
changes of blood pressure after 4 months of spironolactone did
not reach statistical significance, we could not exclude the po-
tential role of hemodynamic effects on our findings.

Conclusion

We found that 4 months of low-dose spironolactone may
improve diastolic function in the elderly. Further study evalu-
ating the effect of an aldosterone antagonist on clinical out-
comes in the elderly with diastolic heart failure is warranted.
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