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Article

Effect of spironolactone and vitamin E 
on serum metabolic parameters and 
insulin resistance in patients with 
nonalcoholic fatty liver disease

Stergios A Polyzos1, Jannis Kountouras1, Efthimia Zafeiriadou2, 
Kalliopi Patsiaoura3, Evangelia Katsiki3, Georgia Deretzi4, 
Christos Zavos1, Georgios Tsarouchas1, Pantelitsa Rakitzi5  
and Aristidis Slavakis5

Abstract
Aim: The renin–angiotensin–aldosterone system has been implicated in the pathogenesis of insulin resistance and 
nonalcoholic fatty liver disease (NAFLD). The beneficial effect of spironolactone in a mouse model with diabetes and 
NAFLD has recently been reported. The main aim was assessment of the effect of spironolactone on serum metabolic 
parameters and insulin resistance in patients with NAFLD.
Methods: This study includes preliminary results of a single-centre randomised controlled trial of treatment with vitamin 
E (group 1, 10 patients) versus spironolactone plus vitamin E (group 2, 10 patients) in biopsy-proven NAFLD. Serum 
transaminases, lipids, potassium, sodium, glucose and insulin were measured, and homeostatic model assessment-insulin 
resistance (HOMA-IR) and quantitative insulin sensitivity check index (QUICKI) were calculated before and 8 weeks 
after baseline assessment.
Results: Insulin was decreased within group 2 (15.3 ± 2.7 at baseline vs. 10.3 ± 5.0 at week 8, p = 0.013). Although no 
difference in glucose was observed, HOMA-IR significantly decreased (4.4 ± 0.9 vs. 2.8 ± 0.5, respectively, p = 0.047). 
QUICKI was increased, but not statistically significantly.
Conclusions: Spironolactone and vitamin E combined therapy seems to exhibit a favourable effect on serum insulin and 
HOMA-IR in patients with NAFLD. If validated in a large-scale clinical trial, it may prove an inexpensive therapeutic 
approach for the management of NAFLD patients.

Keywords
Insulin resistance, metabolic syndrome, nonalcoholic fatty liver disease, nonalcoholic steatohepatitis, spironolactone, 
vitamin E

Introduction

Nonalcoholic fatty liver disease (NAFLD) is a rapidly 
emerging chronic liver disease and is reported to affect up 
to 70–80% of overweight and obese individuals; it is the 
most common cause of hepatic dysfunction encountered in 
general practice and its incidence in both adults and chil-
dren is rising, linked with age and burgeoning epidemics of 
obesity and type 2 diabetes mellitus (T2DM).1,2 NAFLD 
represents a wide spectrum of liver damage ranging from 
simple nonalcoholic fatty liver (NAFL) to a more severe 
and treatment-resistant stage that features steatosis plus 
inflammation, termed nonalcoholic steatohepatitis (NASH), 
which may in turn progress to hepatic fibrosis, cirrhosis, 
and sub-acute liver failure. Insulin resistance (IR) is thought 
to play an important role in the pathogenesis of NAFLD, so 

that NAFLD is considered the hepatic component of IR or 
metabolic syndrome.3
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Unlike other chronic liver diseases (for example, hepa
titis C), there are no effective treatment strategies for 
NAFLD. Currently, the management of NAFLD includes 
modification of underlying risk factors, detection of patients 
that have progressed to cirrhosis, management of cirrhosis-
related morbidity and transplantation in patients with end-
stage liver disease.4 Diet, exercise, bariatric surgery and 
pharmacological treatment, including weight loss agents, 
insulin sensitisers, lipid-lowering agents, ursodeoxycholic 
acid and vitamin E have been investigated with some prom-
ising results.4,5 Although vitamin E may benefit patients 
with NAFLD,6,7 we believe that a single agent could hardly 
be an effective treatment, given the multifactorial patho-
genesis of NAFLD.3 Therefore, clinical trials should be 
directed towards the effect of multifactorial interventions, 
as recommended elsewhere.8,9

The renin–angiotensin–aldosterone system (RAAS) has 
been implicated in the pathogenesis of IR and NAFLD.5,10,11 
Recently, low-dose (25–50 mg/day) aldosterone antagonists 
in patients with heart failure diminish mortality, possibly 
by reducing cardiac and vascular fibrosis.12 Moreover, the 
beneficial effect of 8-week spironolactone in a mouse model 
with diet-induced diabetes and NAFLD has been reported.13 
However, to our knowledge, the role of spironolactone in 
NAFLD patients has not yet been investigated. We are cur-
rently running a 52-week randomised controlled trial (RCT) 
in patients with biopsy-proven NAFLD assigned to receive 
vitamin E or spironolactone plus vitamin E. Our primary 
aim is to assess the effect of spironolactone on serum levels 
of adipokines at 52 weeks post-treatment period. After the 
report of the above-mentioned 8-week beneficial effect of 
spironolactone on an experimental model,13 we performed 
an interim analysis in our clinical data; thus this study 
includes the 8-week preliminary results of vitamin E versus 
spironolactone plus vitamin E treatment in adults with histo-
logically documented NAFLD.

Materials and methods

Eligible adults (≥ 18 years of age) were identified and 
recruited on an outpatient basis. Determination of eligibility 
was based on standard tests and procedures completed dur-
ing screening. Each patient provided an informed consent at 
the screening visit to obtain any tests and procedures needed 
to finalise eligibility, and had a history and physical exami-
nation to identify other illness and contraindications for 
participation. The study protocol was approved by the ethics 
committee of Aristotle University of Thessaloniki. All the 
participants provided an informed consent. Inclusion criteria 
were: (a) bright liver on ultrasound imaging and increased 
liver function tests for at least 6 months before liver biopsy; 
and (b) biopsy-proven NAFLD (either NAFL or NASH) 
according to NAFLD Activity Score (NAS).14 Exclusion 
criteria were generally the same as those proposed for 
PIVENS trial design,15 with two modifications: (a) known 

intolerance to spironolactone as an exclusion criterion; and 
(b) the inclusion of patients with T2DM not receiving thia-
zolidinediones or insulin. Specifically, patients with ethanol 
consumption >20  g/day, history of liver disease (chronic 
viral hepatitis, autoimmune hepatitis, drug-induced liver 
disease, primary biliary cirrhosis, haemochromatosis, 
Wilson’s disease and α1-antithrypsin deficiency), previous 
exposure to hepatotoxic drugs or evidence (clinical or histo-
logical) of liver cirrhosis were excluded. Eligible patients 
were randomised to receive either vitamin E (400 IU/day) 
(group 1) or spironolactone (25 mg/day) plus vitamin E 
(400 IU/day) (group 2) per os for 52 weeks. Randomisation 
was accomplished by a computer program before the screen-
ing of the first patient.

The primary aim of this RCT is assessment of the 52-week 
post-treatment effect of spironolactone plus vitamin E versus 
vitamin E on serum levels of adipokines. Apart from the screen-
ing visit and baseline visit, three more visits have been planned 
during the treatment phase (at 8, 26 and 52 weeks), as well as a 
visit after a 26-week washout period at the end of the treatment 
phase. For the report presented here, preliminary biochemical 
data from baseline visit and visit 2 (week 8) were analysed.

At baseline, a complete medical history, physical exami-
nation, serum samples and liver biopsy were obtained. Liver 
biopsy was performed under computed tomography guid-
ance by an experienced radiologist (EZ) and interpreted by 
two experienced pathologists (KP, EK) who were blinded to 
the medications (vitamin E or spironolactone plus vitamin E) 
that the patients were assigned to receive. Morning (8–9 am) 
fasting serum samples were collected before liver biopsy. 
The following visits included medical history, physical 
examination, pill count and serum sample collection. Serum 
aspartate transaminase (AST), alanine transaminase (ALT), 
gamma-glutamyl transferase (GGT), cholesterol, triglycer-
ides, high-density lipoprotein (HDL), potassium and sodium 
and glucose were measured within 1 h after blood was 
drawn, with standard methods using an automated analyser 
(Olympus AU2700; Olympus, Hamburg, Germany). Sera 
were also immediately frozen at -70°C for the measurement 
of adipokines and hormones at the end of the study. For the 
purposes of this report, serum was defrosted and insulin was 
measured with two-site immunochemiluminescence assay 
(ICMA) by Immulite 2500 immunoassay system (Siemens 
Healthcare Diagnostics, Los Angeles, CA, USA; intra-assay 
coefficient of variation (CV) 3.3–5.5%, total CV 4.1–7.3%).

Body mass index (BMI) was calculated by the formula 
body weight (kg) / height2 (m). Low-density lipoprotein 
(LDL) was calculated with the Friedewald formula. To 
quantify insulin resistance, two indexes were used; homeo-
static model assessment-insulin resistance (HOMA-IR) and 
Quantitative Insulin Sensitivity Check Index (QUICKI), 
calculated by the formulas:

HOMA-IR = (glucose [mmol/l] * insulin [μU/ml]) / 22.5;16

QUICKI = 1 / (log(glucose) [mg/dl] + log(insulin) [μU/ml]).17
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Statistical analysis
Continuous data are presented as mean ± standard error of the 
mean (SE). Between or within-group comparisons were per-
formed by non-parametric tests, because of the small sample 
size. Mann–Whitney test was used to identify differences 
between two independent groups of continuous variables. 
Wilcoxon Signed Ranks Test was used to compare paired 
measurements (within group comparisons). Significance was 
set at p < 0.05. Statistical analysis was performed with SPSS 
13.0 for Windows (SPSS Inc., Chicago, IL, USA).

Results
In total, 20 patients (three men, 17 women) with NAFLD 
(nine with NAFL and 11 with borderline or definite NASH) 
have to date completed the 8-week follow-up. Ten patients 
were randomly assigned to group 1 and 10 to group 2. Data 
of both groups at baseline and 8 weeks after the interven-
tion are presented in table 1. At baseline, the two groups 
were matched for all clinical or biochemical parameters, 

including age, NAS, BMI, waist, systolic blood pressure 
(SBP), diastolic blood pressure (DBP), AST, ALT, GGT, 
cholesterol, triglycerides, HDL, LDL, potassium, sodium, 
glucose, insulin, HOMA-IR and QUICKI (table 1).

Comparisons between groups at week 8 revealed a 
borderline significant difference only in SBP (p = 0.049). 
Within-groups comparisons (baseline to week 8) revealed a 
significant difference in SBP in group 1 (p = 0.011). Within 
group 2, SBP was significantly decreased (p = 0.034) and 
potassium significantly increased (p = 0.028). Moreover, 
insulin was decreased within group 2 (p = 0.013). Although 
glucose was not decreased, HOMA-IR reached a signifi-
cant decrease (p = 0.047). QUICKI was increased, though 
not significantly (p = 0.074).

A subgroup analysis, separately for NAFL and NASH 
subgroups, was consequently performed. No difference was 
found between NAFL subgroups comparisons at 8 weeks. 
Comparisons between NASH subgroups revealed signifi-
cant differences in SBP (p = 0.006) and DBP (p = 0.042) 
(lower in group 2).

Table 1.  Baseline and 8-week characteristics of both groups

Group 1 (Vitamin E) Group 2 (Spironolactone + Vitamin E)

Baseline 8 week Baseline 8 week

Patients (number) 10 10 10 10
NAS 2.3 ± 0.4 − 3.6 ± 0.6 −
Age (years) 52.2 ± 5.2 − 57.4 ± 1.7 −
SBP (mmHg) 145 ± 4 132 ± 5 * 163 ± 7 142 ± 4 * ╫

DBP (mmHg) 93 ± 4 88 ± 5 97 ± 3 91 ± 2
BMI (kg/m2) 35.7 ± 1.7 34.1 ± 1.9 34.2 ± 1.6 32.9 ± 1.7
Waist (cm) 113 ± 4 113 ± 4 108 ± 3 105 ± 3
AST (U/L) 46 ± 15 36 ± 9 36 ± 5 29 ± 2
ALT (U/L) 55 ± 16 44 ± 12 43 ± 5 40 ± 5
AST/ALT ratio 0.86 ± 0.08 0.90 ± 0.08 0.87 ± 0.07 0.82 ± 0.10
GGT (U/L) 49 ± 9 39 ± 6 55 ± 15 42 ± 9
Cholesterol (mg/dl) 208 ± 8 225 ± 7 217 ± 13 225 ± 17
Triglycerides (mg/dl) 184 ± 28 192 ± 37 202 ± 32 212 ± 26
HDL (mg/dl) 50 ± 3 50 ± 3 49 ± 3 50 ± 4
LDL (mg/dl) 121 ± 11 137 ± 5 127 ± 9 133 ± 16
Potassium (mEq/l) 4.5 ± 0.1 4.6 ± 0.1 4.5 ± 0.1 4.8 ± 0.1 *
Sodium (mEq/l) 143 ± 1 142 ± 1 141 ± 1 141 ± 1
Glucose (mg/dl) 108 ± 10 100 ± 8 110 ± 6 106 ± 7
Insulin (μU/ml) 13.8 ± 2.9 13.3 ± 2.7 15.3 ± 2.7 10.3 ± 1.6 *
HOMA-IR 3.4 ± 0.6 3.1 ± 0.5 4.4 ± 0.9 2.8 ± 0.5 *
QUICKI 0.34 ± 0.01 0.33 ± 0.01 0.32 ± 0.01 0.34 ± 0.01

Data are presented as mean ± standard error of the mean (SE) or numbers 
* p < 0.05 compared with baseline (within-groups comparison, Wilcoxon signed ranks test)  
╫ p < 0.05 compared with group 1 (between-groups comparison, Mann–Whitney test) 
ALT, alanine transaminase; SBP, systolic blood pressure; AST, serum aspartate transaminase; DBP, diastolic blood pressure; GGT, gamma-glutamyl 
transferase; HDL, high-density lipoprotein; HOMA-IR, homeostatic model assessment – insulin resistance; LDL, low-density lipoprotein; 
NAS, NAFLD Activity Score; QUICKI, Quantitative Insulin Sensitivity Check Index



Polyzos et al.	 501

No significant difference in any parameter was found 
within NAFL subgroups of either group 1 or group 2. 
Likewise, no significant difference in any parameter was 
found within NASH subgroup of group 1. Within NASH 
subgroup of group 2 (n = 7), apart from a significant 
decrease in SBP (p = 0.042) and DBP (p = 0.026), AST (41 
± 5 at baseline vs. 29 ± 2 U/l at week 8, p = 0.046) and insu-
lin (17.3 ± 2.7 vs. 10.9 ± 1.7 U/l, respectively, p = 0.018) 
were also significantly decreased. ALT (50 ± 5 vs. 42 ± 
6 U/l, respectively), GGT (69 ± 18 vs. 51 ± 11 U/l, respec-
tively) and HOMA-IR (5.1 ± 1.0 vs. 3.1 ± 0.6, respectively) 
were also decreased, and QUICKI (0.31 ± 0.01 vs. 0.33 ± 
0.01, respectively) was increased in the same subgroup, but 
their changes did not reach statistical significance.

Discussion

In this study, we found that the combined low-dose spirono-
lactone and vitamin E therapeutic regimen had a favourable 
effect on serum insulin and HOMA-IR in NAFLD, possibly 
attributable to spironolactone action.

Patients with cirrhosis and heart failure complicated by 
T2DM appear to share the pathophysiology of decreased 
effective arterial blood volume due to splanchnic vasodila
tation in cirrhosis and decreased cardiac output in heart 
failure, with consequential stimulation of the RAAS. 
Hyperaldosteronism has increasingly been recognised as 
a risk factor for myocardial and vascular fibrosis, and the 
low-dose aldosterone antagonists (25–50 mg/day) which are 
being used in cardiac patients are not natriuretic, thereby the 
mortality benefit relates primarily to their effect on cardiac 
and vascular fibrosis.12 Aldosterone increases collagen 
accumulation in the fibroblasts and myocytes of the cardiac 
tissue, resulting in fibrosis and cardiac hypertrophy, whereas 
spironolactone attenuates or prevents formation of myocar-
dial fibrosis.18 Apart from its favourable effect on cardiac 
function, spironolactone may also provide therapeutic neu-
roprotective effects in the ischaemic brain after stroke by 
promoting neurogenesis and angiogenesis. Spironolactone 
reduces reactive oxygen metabolites (ROMs) production 
and apoptosis in the ischaemic striatum.19,20 In addition, 
experimental evidence indicates that spironolactone seems 
to ameliorate hepatic fibrosis presumably via the inhibition 
of hepatic stellate cells activation.21

In view of the aforementioned data, we decided to intro-
duce a sub-haemodynamic dose of spironolactone (25 mg/
day) plus vitamin E used as an antioxidant in NAFLD; to 
our knowledge, this is the first report for the effect of spi-
ronolactone on serum biochemical parameters and IR in 
patients with NAFLD.

In addition to its crucial role in maintaining salt–water 
balance and blood pressure, the RAAS seems to be implicated 
in the development of IR and IR syndrome.5,10,11 In vitro stud-
ies have shown that aldosterone induces IR in adipocytes and 
hepatocytes through ROMs-mediated degradation of insulin 

receptor substrate (IRS)-1 and IRS-2 and increasing mRNA 
expression of gluconeogenic enzymes.22,23 Experimental 
studies have shown that blockade of mineralocorticoid recep-
tor can improve IR in vivo.24,25 Wada et al. showed for first 
time that spironolactone can improve hepatic steatosis, 
presumably by ameliorating IR and hepatic inflammation.13 
Furthermore, Noguchi et al. also reported that eplerenone, a 
selective aldosterone receptor antagonist, attenuated the pro-
gression of liver fibrosis in a rat model with NASH, possibly 
through the suppression of the activated hepatic stellate cells 
and neovascularisation.26

Interestingly, increased serum insulin and HOMA-IR 
and decreased QUICKI were shown in patients with primary 
aldosteronism compared with normotensive patients, which 
were rapidly restored to normal after either unilateral adrenal-
ectomy or administration of spironolactone (50–300  mg/
day).27 Furthermore, it has been recently reported that normo-
lipidaemic, non-diabetic, non-obese patients with primary 
aldosteronism are more insulin resistant and have higher 
prevalence of NAFLD than normotensive controls, indicating 
greater risk for IR and NAFLD in these patients.28 Although 
there is no direct evidence as to whether NAFLD patients 
have higher serum aldosterone compared with matched con-
trols, this speculation may be correct regarding the effect of 
spironolactone on insulin and HOMA-IR in this study.

The favourable effect of spironolactone on insulin and 
HOMA-IR in patients with NAFLD was similar to that 
recently mentioned by Wada et al. in a mouse model with 
diet-induced diabetes and NAFLD.13 However, the effect of 
spironolactone on serum glucose and lipids was not similar 
to that described by Wada et al. Different doses or routes of 
administration would partly account for differences in 
serum glucose and lipids between the work of Wada et al. 
and our study. Wada et al. gave 16 mg/kg of spironolactone 
daily via a subcutaneous implant route in mice,13 which is a 
relatively high dose when used as a clinical therapy in 
humans. Furthermore an 8-week period may be sufficient 
in a mouse model, but not in humans, for final conclusions. 
In any case, experimental results cannot be directly appli-
cable to humans, and should always be carefully interpreted 
in human terms.

There are limited data for the impact of spironolactone 
on serum insulin, glucose and lipids in patients with IR 
syndrome. Spironolactone has been mainly investigated in 
women with polycystic ovary syndrome (PCOS), which is 
considered to be the ovarian component of IR syndrome, 
because of its anti-androgenic action. In a recent 3-month 
RCT, spironolactone (100 mg/day) plus ethinyl estradiol/
cyproterone acetate was found to significantly decrease both 
insulin and HOMA-IR.29 Similarly, a 12-month spironolac-
tone (100 mg/day) administration significantly decreased 
insulin and HOMA-IR in overweight women with PCOS.30

The effect of spironolactone on serum glucose and 
lipids in women with PCOS is controversial. In one of the 
above-mentioned studies,29 spironolactone plus ethinyl 
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estradiol/cyproterone significantly decreased serum LDL 
and total cholesterol, but had no effect on HDL and triglyc-
erides. In the other study,30 spironolactone had no effect on 
serum lipids and glucose, apart from a decrease in triglyc-
erides. In another 3-month study, spironolactone (100 mg/
day) had no effect on serum glucose and lipids in patients 
with PCOS.31 Similarly, spironolactone did not signi
ficantly change serum glucose and lipids in patients with 
essential hypertension.32 Differences in study population, 
duration and/or drug co-administration might account for 
these differing results.

Spironolactone in patients with T2DM has been investigated 
mainly for its favourable impact on diabetic nephropathy.33,34 
However, data for the metabolic effect of spironolactone in 
patients with T2DM are limited. In a 3-month RCT, spironolac-
tone (50 mg/day) had no effect on serum glucose, cholesterol, 
triglycerides, insulin, and HOMA-IR in patients with T2DM 
complicated with diabetic nephropathy,35 but diabetic nephro
pathy may interfere with serum insulin, unlike in uncomplicated 
patients with NAFLD or PCOS.

A trend of improvement in liver function test was 
observed within NASH subgroup of group 2. To our know
ledge, there is no study investigating the effect of spiro
nolactone on serum transaminases in patients with IR 
syndrome. In rat models, spironolactone decreased ALT 
and liver toxicity induced by dimethyl mercury36 or 
D-galactosamine.37

In this study, HOMA-IR was significantly decreased 
within group 2, whereas QUICKI showed a trend towards 
increase (meaning IR improvement) in the same group with-
out reaching the level of statistical significance. This is not 
unexpected, since it has been previously reported that both 
HOMA and QUICKI reflect insulin action expressed by 
clamps,16,17 but they do not offer the same information about 
IR, thereby expressing different aspects of insulin action.38

Our series study has certain limitations. First, the effect 
of IR was not the primary aim of this RCT. Second, the sam-
ple size, despite being well matched, was small. Third, the 
hyperinsulinaemic–euglycaemic clamp technique, which is 
the gold standard for evaluation of IR, was not performed 
in our patients. However, HOMA-IR and QUICKI have 
acceptable correlation with hyperinsulinaemic–euglycaemic 
clamp and are widely used.16,17 Furthermore, we did not 
measure aldosterone levels and plasma renin activity, as this 
was beyond the aim of this interim analysis. Finally, our 
patients did not undergo a repeat biopsy to investigate the 
effect of spironolactone in liver histology; however an 
8-week period is too short in human terms for effects to be 
seen, thereby raising ethical considerations.

Conclusion

A favourable effect of spironolactone and vitamin E on 
serum insulin and HOMA-IR in patients with NAFLD has 
been shown, possibly attributed mainly to spironolactone 

action. Given that this is a preliminary report, a large-scale 
human trial is needed to clarify whether spironolactone 
could be a beneficial therapeutic approach for IR syndrome, 
including NAFLD. If it was confirmed that spironolactone 
has anti-inflammatory and anti-fibrogenic effects on the 
liver, similar to the heart and the above-mentioned experi-
mental model with diabetes and NAFLD, it would become 
an inexpensive therapeutic approach for the management of 
NAFLD patients.
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