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D
 

iabetes, formerly thought of as a problem of 
glucose metabolism, produces most of its 
harm by effects on the cardiovascular system. 

In the coming decades, the burden of cardiovascular 
diseases (CVD) related to diabetes will increase 
substantially.1-3 
Cardiovascular Autonomic Neuropathy (CAN) 
probably contributes to the poor prognosis of CVD 
in both type I and type II diabetes mellitus.  
Patients with CAN come to clinical attention with 
complaints of postural hypotension, resting 
tachycardia, exercise intolerance, or painless 
myocardial ischemia.4  
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The last two decades have witnessed the recognition 
of a significant relationship between the autonomic 
nervous system and cardiovascular mortality, 
including sudden cardiac death.5-8 Experimental 
evidence for an association between propensity for 
lethal arrhythmias and signs of either increased 
sympathetic or reduced vagal activity has spurred 
efforts for the development of quantitative markers 
of autonomic activity.9 Heart Rate Variability (HRV) 
represents one of the most promising such markers.10 
In a large group of type I and II diabetic subjects, 
HRV on 24-hour ambulatory EKG showed 
abnormalities in nearly 50 percent of diabetics.11 Loss 
of HRV in diabetic autonomic neuropathy is 
associated with up to 50% mortality rate within five 
years of the onset of clinical symptoms.12 HRV has 
become the conventionally accepted term to describe 
variations of both instantaneous heart rate and RR 
intervals. 
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Abstract   
INTRODUCTION: Diabetes mellitus is the most common metabolic and endocrine disease. 

Depressed Heart Rate Variability (HRV) is an early warning sign of diabetic neuropathy. In 
numerous studies, spironolactone improved HRV and decreased mortality in Congestive 
Heart Failure (CHF). This study was performed to assess the effect of spironolactone on 
HRV in diabetic patients. 

METHODS: This prospective, randomized, double-blind clinical trial was performed on 62 
diabetic patients with autonomic neuropathy at Isfahan Cardiovascular Research Center. 
Baseline HRV was measured with time domain and frequency domain methods using a 
Valiance system manufactured by US Biomedical Systems Inc. (2000). The patients were 
then randomly placed in case and control groups. The control group was given placebo and 
the case group was given 25mg spironolactone twice daily for two months. HRV was 
measured at the end of this period and data were analyzed using SPSS. HRV before and 
after medication was compared with t-test, paired t-test, Wilcoxon test, and Mann-Whitney 
test. 

RESULTS: Twenty-nine patients in the control group and thirty-three patients in the case 
group were assessed. HRV was measured before and after the study. T-test and Mann-
Whitney test revealed no significant difference between HRV in the two groups. Paired t-test 
and Wilcoxon test did not show any significant difference of HRV within the two groups. 

DISCUSSION: In this study, spironolactone did not improve HRV in diabetic patients. 
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The variations in heart rate may be evaluated by a 
number of methods. Perhaps the simplest to perform 
are the Time Domain Methods, which include these 
parameters: Standard deviation of NN interval 
(SDANN), standard deviation of average NN interval 
(SD ANN), square root of the mean squared 
difference of successive NN intervals (RMSSD), and 
HRV triangular index.  
Other methods are Frequency Domain Methods, 
which include the following: High frequency (HF), 
Low Frequency (LF), Very Low Frequency (VLF), 
and Ultra Low Frequency (ULF). The results of the 
frequency domain analysis are equivalent to those of 
the time domain analysis, which is easier to perform. 
Numerous studies have shown that spironolactone 
improves HRV in CHF, but the effect of 
spironolactone on HRV in diabetic patients is not 
well-defined. This study was performed to assess the 
effect of spironolactone on HRV in diabetic patients. 

 
Materials and methods 

This prospective, randomized, double-blind, clinical 
trial was performed at Isfahan Cardiovascular 
Research Center between August 2004 and 
November 2004. One-hundred diabetic patients with 
fasting plasma glucose (FBS) ≥ 126 mg/dl were 
screened for diabetic neuropathy. A variety of tests 
can assess autonomic neuropathy, the simplest of 
which are as follows: Immediate heart rate response 
to standing is tested by measuring the R-R interval at 
the 15th and 30th beats after the patient rises from a 
supine to an upright posture. The result is reported as 
the 30th:15th ratio. Normal ratio is ≥ 1.04, borderline 
ratio is 1.01-1.03, and a ratio ≤ 1 suggests autonomic 
neuropathy.13 Inclusion criteria were the presence of 
diabetic neuropathy, serum potassium levels lower 
than 5 mmol/l, serum creatinine levels lower than 2 
mg/dl, no arrhythmias such as supraventricular 
tachycardia (SVT), no premature atrial complex 
(PAC) > 6 minutes, no premature ventricular 

complex (PVC) > 6 minutes, no atrial fibrillation 
(AF) in EKG, no bundle branch block (BBB) in 
EKG, ejection fraction (EF) ≥ 55% in 
echocardiography, and no myocardial infarction (MI) 
within the last year as evidenced by EKG.  
Eighty diabetic patients (61 females, 19 males) with 
autonomic neuropathy (30th:15th RR ratio≤1) between 
the ages of 23 and 74 years were selected. Their 
cardiovascular risk factors, hypertension, 
hyperlipidemia, cigarette smoking, positive family 
history of ischemic heart disease (IHD) and insulin 
therapy were evaluated. The patients continued their 
other drugs.  
Baseline HRV was measured using a Valiance system 
manufactured by US Biomedical Systems (BMS) 
(2000) under equivalent conditions (supine position) 
using time domain and frequency domain methods. 
The patients were then randomly placed in case and 
control groups.  
The control group (32 females, 8males) was given 
placebo and the case group (29 females, 11 males) 
was given 25 mg spironolactone twice daily for two 
months. HRV was measured at the end of the study 
and data were analyzed in SPSS. HRV was compared 
by t-test and Mann Whitney test between two groups.  
HRV was compared by paired t-test and Wilcoxon 
test within each of the two groups. Age was 
compared by t-test; cardiovascular risk factors and sex 
were compared by chi-square test and the observed 
difference was significant (P<0.05).  

 
Results 

HRV of 29 patients in the control group and 33 
patients in the case group were measured and 
followed up. Eighteen patients were not referred for 
HRV measurement due to interrupting their 
medication. Baseline demographic characteristics and 
cardiovascular risk factors are presented in table 1. 
The two groups were not significantly different, 
except in insulin therapy.  

TABLE 1. Baseline demographic characteristics and cardiovascular risk factors of patients 
 

characteristics Spironolactone group 
N= 33(%) 

Placebo group 
N=29(%) P Value 

Age(mean ±SD) 54±9.51 51.20 ± 11/03 *  0.148 
Male 9 (27.3%) 7 (24.1%) ** 0.77 
Female 24 (72.7%) 22 (75.9%) ** 0.77 
Hypertension 13 (39.4%) 14 (48.3%) ** 0.48 
Hyperlipidemia 21 (63.6%) 14 (48.3%) ** 0.22 
History of cigarette smoking 2 (6.1%) 2 (6.9%) ** 0.89 
Family history of (IHD) 7 (21.2%) 8 (27.6%) ** 0.55 
Insulin therapy 6 (18.2%) 14 (48.3%) ** P<0/05 

 
(IHD: Ischemic Heart disease), * by t-test, ** by chi-square test  
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T-test showed no significant difference in mean HRV 
between the two groups before medication (table 2). 
At the end of the study, t-test and Mann-Whitney test 
showed no significant difference in mean HRV 
between the two groups. Paired t-test and Wilcoxon 
test showed no significant difference in mean HRV 
within the two groups (tables 2, 3).  
T-test revealed no significant difference of HRV in 
patients with hypertension, hyperlipidemia, and 
positive family history of IHD (P>0.05). However, t-
test showed an increase in Lf/Hf from 2.31±2.12 to 
2.41±4.47 (P<0.05) in patients receiving insulin. T-
test also showed an increase in mean RMSSD from 

24.70±16.43 ms to 180.58±107.99 ms in patients with 
history of cigarette smoking (P<0.05). 

 
Discussion 

In neuropathy associated with diabetes mellitus 
characterized by alteration of small nerve fibers, a 
reduction in time domain parameters of HRV seems 
not only to carry negative prognostic value, but also 
to precede the clinical expression of autonomic 
neuropathy.14-17  In diabetic patients without evidence 
of autonomic neuropathy, reduction of the absolute 
power of Lf and Hf under a controlled condition was 
also reported.16  

TABLE 2. Comparison of mean HRV parameters between two groups before and after medication 
 

Spironolactone group Placebo group T test Mann-Whitney test 
Methods HRV parameters 

mean mean P value P value 
SDNN1 112.6 ± 183.36 57.05 ±57.60 0.06 0.23 
SDNN2 61.36 ±48.51 66.67 ±74.92 0.36 0.19 
RMSSD1 127.86 ±236.03 58.96 ±78.36 0.06 0.35 
RMSSD2 67.58 ±69.62 78.86 ±10.4.66 0.30 0.40 
HRV triangular index1 8.98 ±5.98 8.61 ±4.09 0.38 0.26 

T
im

e 
do

m
ai

n 

HRV triangular index2 8.80 ±4.45 8.05 ±5.02 0.26 0.09 
LF 1 157.89 ±65.24 141.22 ±46.05 0.12 0.15 
LF 2 139.51 ±112.77 141.76 ±67.11 0.44 0.28 
HF1 163.51 ±112.77 147.17±99.98 0.27 0.31 
HF2 153.72 ±88.41 159.53 ±93.31 0.40 0.37 
LF.HF1 1.57 ±1.69 1.77 ±1.93 0.38 0.2 Fr

eq
ue

nc
y 

do
m

ai
n 

LF.HF2 1.12 ±1.05 1.94 ±3.81 0.12 0.11 
 
1: before medication 
2: after medication 
SDNN: Standard Deviation of NN interval  
RMSSD: Square root of the mean squared difference of successive NN intervals 
LF: Low Frequency  
HF: High Frequency 
 

 
 

TABLE 3. Analysis of t-pair test and Wilcoxon test in HRV parameters within two groups 
 

t-pair test Wilcoxon-test 
Spironolactone group Placebo group Spironolactone group Placebo group HRV parameters 

P value P value P value P value 
SDNN 1.51 0.26 0.26 0.33 
RMSSD 1.38 0.18 0.39 0.08 
HRV triangular index 0.19 0.21 0.43 0.13 
Lf  1.40 0.48 0.06 0.32 
Hf  0.38 0.31 0.32 0.20 
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HRV was found to be an indicator for long term 
prognosis after an acute myocardial infarction. The 
relative risk of death was 5.3 times higher in patients 
with poor HRV (SDNN<50 ms) than in the patients 
with good HRV (SDNN>50 ms).18  
Recent data show that blockage of aldosterone 
receptors by spironolactone reduces the risk of 
morbidity and death among patients with severe heart 
failure.19 In the Randomized Aldactone Evaluation 
Study (RALES), 1663 patients with symptomatic 
heart failure were randomly assigned to 
spironolactone or placebo groups. Under standard 
care, the overall risks of death, death due to 
progressive heart failure, and sudden cardiac death 
were reduced by approximately 30% in the 
spironolactone group.20  
Mehmet Emin Korkmaz et al and Kok-Meng Yee et 
al, reported that spironolactone improved HRV in 
patients with CHF.19,21 The effects of spironolactone 
on HRV in diabetic patients are not well defined.  
In our study, spironolactone decreased mean HRV 
parameters and placebo increased mean HRV, both 
by time domain and frequency domain. However, 
these differences were not significant (table 2). These 
results are unlike those of previous studies in CHF 
patients. This can be due to wide dispersion of HRV 
parameters. Nonetheless, spironolactone increased 
RMSSD in patients with history of cigarette smoking 
(P< 0.05) and increased Lf/Hf in patients receiving 
insulin (P<0.05).  
This study suggests that spironolactone may have a 
positive effect on HRV in cigarette smoking diabetics 
and insulin therapy or probably spironolactone can be 
harmful in diabetic patients and may increase the rate 
of mortality or sudden cardiac death. Further studies 
with larger sample sizes are warranted. 
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