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Background: At present, a constant progress in pathophysiology understanding and treatment of the chronic heart failure
(CHF) is arising. Meanwhile, hyperhomocysteinemia (HHcy) has been linked to impaired left ventricular func-
tion and clinical class in patients with CHF. Atorvastatin therapy can reduce the incidence of sudden cardiac
death in patients with advanced CHF. Folic acid could enhance endothelial function in vascular disease states.
The present study aims to investigate the effect of atorvastatin and folic acid combined on the cardiac func-
tion and ventricular remodeling in CHF patients with HHcy.

Material/Methods: Elderly CHF patients with HHcy were divided into four groups: routine, routine + atorvastatin, routine + folic
acid, and routine + atorvastatin + folic acid groups. Serum homocysteine (Hcy) level was detected using en-
zymatic cycling methods, and N-terminal pro brain natriuretic peptide (NT-proBNP) level by ELISA. The cardiac
function indexes and left ventricular early diastolic peak flow velocity/atrial systolic peak flow velocity (E/A) ra-
tio were evaluated. The six-minute walk test was performed to measure the six-minute walk distance (6MWD).

Results: 6MWD increased, the serum Hcy and NT-proBNP levels decreased, and cardiac function was improved com-
pared with before treatment, which was the most significant in the routine + atorvastatin + folic acid group,
followed by the routine + atorvastatin group, then the routine + folic acid group, and lastly, the routine group.

Conclusions: The results indicated that the combination of atorvastatin and folic acid improved the cardiac function and in-
hibited ventricular remodeling of elderly CHF patients with HHcy.
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Background

Heart failure (HF) is a chronic, progressive disease with in-
creasing prevalence, and patients with HF are subjected to a
high symptom burden [1]. Symptoms of chronic heart failure
(CHF) generally refer to ankle swelling, fatigue, and breath-
lessness, presenting signals such as pulmonary crackles, dis-
placed apex beat, and elevated jugular venous pressure [2].
The prevalence of CHF rises with the advance of life spans,
the lifetime risks which accounts for approximately 20% of pa-
tients older than 40 years of age [3]. Moreover, CHF can de-
crease the quality of life for patients with an increase in the
lifetime risk [4]. An aging population and the westernization of
dietary habits account for the increasing prevalence of CHF [5].
Hyperhomocysteinemia (HHcy) has been widely considered as
the major determining factor of various cardiovascular diseas-
es [6]. The effects of HHcy on endothelial dysfunction [7], ox-
idative damage [8], and inflammation [9] have been proven
to be involved in cardiovascular morbidity and mortality; high
level of homocysteine (Hcy) is the major cause for cardiovas-
cular diseases [10].

Atorvastatin is a powerful new synthetic HMG-CoA reductase
inhibitor affecting viral infection and inhibiting inflamma-
tion [11]. Atorvastatin treatment has also been shown to sup-
presses adventitial neovascularization as well as plaque de-
velopment in ApoE deficient mice by regulating chemokines
and chemokine receptors, peroxisome proliferator-activated
receptors (PPAR) and nuclear factor kappa B (NF-xB) [12,13].
In addition, the safety and efficacy of atorvastatin was proven
positive in a study by Langslet et al. [14]. Folic acid deficiency
may facilitate several different age-related diseases, including
coronary artery disease [15] and stroke [16]. HHcy is a conse-
quence of folic acid deficiency that contributes to the patho-
genesis of cardiovascular disease and ischemic stroke [17-19].
Elevation of Hcy is the risk factor of cardiovascular diseas-
es such as atherosclerosis, stroke, thrombosis, and peripher-
al arterial occlusive disease [20]. Folic acid had the dominant
blood homocysteine lowering effect, and a daily dose of folic
acid would produce a proportional reduction in blood homo-
cysteine [21]. In this study, considering the efficacy of atorv-
astatin and folic acid that has been proven in previous stud-
ies, we aimed to further discuss the combined effects of these
two agents on cardiac function and ventricular remodeling in
CHF patients with HHcy.

Material and Methods

Study patients

A total of 248 elderly CHF patients with HHcy were diagnosed
in the Department of Geriatrics at the Hunan Provincial People’s
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Hospital, the First Affiliated Hospital of Hunan Normal University
during April 2015 and February 2017, including 156 male pa-
tients and 92 female patients, with a mean age of 69.8+6.5
years. According to the New York Heart Association (NYHA)
functional classification, the cardiac function of the enrolled
patients was graded as class II-IV. The study inclusion criteria
were: 1) based on the history of disease and in accordance
with the Framingham risk score [22], patients were diagnosed
with CHF by physical examination, x-ray, and echocardiogra-
phy; 2) patients with Hcy level higher than 15 pmol/L; 3) pa-
tients aged >65 years. Exclusion criteria were: 1) patients with
liver or kidney disease; 2) patients suffering from blood dis-
eases, rheumatism, or digestive system diseases; 3) patients
with malignancies; 4) patients suffering from malnutrition; 5)
patients with peripheral arterial occlusive disease, sick sinus
syndrome, II-lll degree atrioventricular heart block, bronchi-
al asthma, systolic pressure <90 mm Hg, or acute pulmonary
edema [23]. This research was approved and supervised by the
ethics committee of Hunan Provincial People’s Hospital, the
First Affiliated Hospital of Hunan Normal University. All study
patients signed the informed consent.

Treatments and clinical efficacy evaluation

The patients were grouped into four groups according to the
random number table method, with 62 cases in each group: 1)
the routine group received routine medical therapy (angioten-
sin-converting-enzyme inhibitor, angiotensin-receptor antago-
nist, P blockers, or diuretics), without any statin therapy or fo-
lic acid treatment; 2) the routine + atorvastatin group received
in addition to routine medical therapy, atorvastatin 20 mg qd
(Pfizer Ireland Pharmaceuticals, Dublin, Ireland); 3) the routine
+ folic acid group received in addition to routine medical ther-
apy, folic acid 5 mg qd (Tianjin Li Sheng Pharmaceutical Co.,
Ltd., Tianjin, China; 5 mg x100 pieces/box); 4) the routine +
atorvastatin + folic acid group received in addition to routine
medical therapy, atorvastatin 20 mg qd and folic acid 5 mg qd,
once daily at bedtime. All patients underwent four-week treat-
ment. The evaluation criteria of clinical response were as fol-
lows [24]: significant response (the CHF was controlled or ame-
liorated to class I); effective response (the CHF was reduced by
one class but not to the class 1); ineffective response: the CHF
was reduced by near one class but not enough, and neither
improvement nor deterioration can be perceived in patients.
Overall response rate=(cases with significant response+cases
with effective response)/the number of total cases x100%.

Serum index test

Fasting peripheral venous blood (5 mL) was extracted from all
patients in the morning before and after treatment, collected
into anticoagulant tube and centrifuged within one hour after
extraction. As the serum was isolated from blood samples, an
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enzymatic cycling method was applied to detect the Hcy level,
and enzyme-linked immunosorbent assay (ELISA) was used to
detect the N-terminal pro brain natriuretic peptide (NT-proBNP)
level. The routine blood indexes were detected using automat-
ic biochemical analyzer, including low-density lipoprotein cho-
lesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C),
cholesterol (CHOL), and triglyceride (TG).

Cardiac function assessment

A color Doppler ultrasound diagnostic system (Philips IU ELITE;
Philips, Andover, MA, USA) was used to evaluate the cardiac
function of all patients before and after four weeks of treat-
ment. Routine echocardiography was performed by two expe-
rienced physicians with S3 ultrasound probe at a frequency of
2.5 MH. Patients were positioned in the left-lateral position.
The cardiac function indexes included left ventricular posterior
wall thickness (LVPWT), left ventricular end-diastolic dimension
(LVEDD), interventricular septal thickness (IVST), left ventricu-
lar ejection fraction (LVEF), and left ventricular early diastolic
peak flow velocity/atrial systolic peak flow velocity (E/A) ratio.

Six-minute walk test (6MWT)

The 6MWT was performed during 8 a.m. to 9 a.m. Enrolled pa-
tients were all informed of the test procedures. The test start-
ed after 10 minutes of sitting still. Patients were told to walk
as fast as they could in the straight corridor. Proper encour-
agement was provided by a monitor but no accompany walk-
ing. After six minutes of walking, the stopping site was marked,
and the final walking distance was determined as the six-min-
ute walk distance (6MWD).

Statistical analysis

The data were analyzed using SPSS version 21.0 (IBM Corp.
Armonk, NY, USA). Measurement data were expressed as mean
+ standard deviation. Paired t-test was used for comparison
before and after treatment, and independent sample t-test was
used for comparisons between two groups of measurement
data in normal distribution. Comparisons among multi-groups
were performed using one-way analysis of variance (ANOVA),
while Student Newman-Keuls (SNK) test was employed to com-
pare the data between the two groups. The levels of HDL-C
and TG are fitted in normal distribution, Kolmogorov-Smirnov
test was for performed on two independent samples with ab-
normal distribution, and multiple independent samples were
tested by Kruskal-Wallis test. Enumeration data was expressed
in the form of percentage or rate, and the chi square test was
performed to analyze it. The p value was determined by a
two-tailed test, and when the p value was less than 0.05, the
differences were considered to be of statistical significance.
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Results

Baseline characteristics of CHF patients with HHcy in the
four groups

There were 42 males and 20 females in the routine group,
with a mean age of 69.4+1.5 years, and 38 males and 24 fe-
males in the routine + atorvastatin group, with a mean age
of 69.9+1.6 years. There were 41 males and 21 females in the
routine + folic acid group, with a mean age of 69.8+1.6 years,
and 35 males and 27 females in the routine + atorvastatin +
folic acid group, with a mean age of 69.5+1.8 years. No signif-
icant difference was found in mean age, gender, cardiac func-
tional grade, LDL-C, HDL-C, CHOL, or TG among the four groups
(all p>0.05) (Table 1).

Combined treatment of atorvastatin and folic acid could
inhibit Hcy level

Before treatment for four weeks, the Hcy level in the routine
group decreased without significance (p>0.05). In the routine +
atorvastatin group, the routine + folic acid group and the rou-
tine + atorvastatin + folic acid group, the post-treatment Hcy
level was evidently reduced than before treatment (all p<0.05).
The Hcy level in the routine + atorvastatin + folic acid group
was significantly lower than that in the routine, routine + ator-
vastatin and routine + folic acid groups (all p<0.05). The Hcy
level in the routine + atorvastatin group was lower than that
in the routine + folic acid and routine groups (all p<0.05), and
the Hcy level in the routine + folic acid group was lower than
that in the routine group (Figure 1).

Combined treatment of atorvastatin and folic acid can
improve 6MWD and suppress serum NT-proBNP level

There was no significant difference in the 6MWD and serum
NT-proBNP level among the routine, routine + atorvastatin, rou-
tine + folic acid and routine + atorvastatin + folic acid groups
before treatment (all p>0.05). After treatment, the 6MWD lev-
el in the four groups was notably increased while the serum
NT-proBNP levels were downregulated (all p<0.05) than before
treatment. After treatment, the 6 WMD in the routine + ator-
vastatin + folic acid group was markedly increased than that
in the other three groups and the serum NT-proBNP level was
lower (all p<0.05). After treatment, in the routine + atorvas-
tatin group, the 6MWD was increased, while the serum NT-
proBNP level was decreased compared with the routine + folic
acid and routine groups. In the routine + folic acid group, the
6MWD was higher, and the NT-proBNP level was lower than
that in the routine group (all p<0.05) (Table 2).

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

3746




Peng Y. et al.:

Atorvastatin and folic acid on CHF patients with HHcy CLI N ICAL RESEARCH

© Med Sci Monit, 2018; 24: 3744-3751

Table 1. Baseline characteristics of CHF patients with HHcy among the routine, routine + atorvastatin, routine + folic acid, and routine
+ atorvastatin + folic acid groups.

Routine + Routine + Routine +

Baseline Routine group atorvastatin +

atorvastatin group folic acid group

characteristic (n=62) (n=62) (n=62)

folic acid group
(n=62)

Mean age (years) 69.4+1.5 69.9+1.6 69.8+1.6 69.5+1.8 0.267

TG (mmol/L) 1.84+0.49 1.8940.51 1.78+0.54 1.82+0.48 0.678

CHF — chronic heart failure; HHcy — hyperhomocysteinemia; LDL-C — low density lipoprotein cholesterol; HDL-C — high density
lipoprotein cholesterol; CHOL — cholesterol; TG — triglyceride.

Ol Routine folic acid group, and the routine + atorvastatin + folic acid group
30— [ Routine+Atorvastatin was 38.3%, 64.7%, 59.5%, and 88.6%, respectively. According
=R°“t?“e+F°“cadd o to the statistical analysis, the clinical response in the routine
Routine+Atorvastatin+Folic acid . . . i
S T + atorvastatin + folic acid group was better than that in the
g 20 i routine, routine + atorvastatin, and routine + folic acid groups
=z (all p<0.05). The clinical response of the routine + atorvastatin
= *#R@ group and the routine + folic acid group was better than that
:g: 10 of the routine group (both p<0.05). Besides, the clinical re-
3 sponse of the routine + atorvastatin group was slightly better
than that of the routine + folic acid group (p>0.05) (Table 3).
0
Before treatment After treatment Combined treatment of atorvastatin and folic acid
treatment can enhance cardiac function and inhibit
Figure 1. Serum Hcy level among the four groups before ventricular remodeling
and after treatment. Hcy — homocysteine; * p<0.05
compared with before treatment in the same group; The cardiac function indexes exhibited no significant differ-
¥ p<0.05 compared with the rOUt!ne group after . ence among the routine, routine + atorvastatin, routine + fo-
treatment; & p<0.05 compared with the routine + folic . . . . . .
acid group after treatment; © p<0.05 compared with lic acid and routine + atorvastatin + folic acid groups before
the routine + atorvastatin group after treatment. treatment (all p>0.05). After treatment, the routine + atorvas-
tatin + folic acid group presented a significant improvement in
cardiac function than the routine, routine + atorvastatin, and
Combined treatment of atorvastatin and folic acid routine + folic acid groups (all p<0.05). The cardiac function in
treatment may improve clinical response the routine + atorvastatin and routine + folic acid groups was

evidently better than that in the routine group (all p<0.05).
After four weeks of treatment, the overall response rate of the And the cardiac function between the routine + atorvastatin
routine group, the routine + atorvastatin group, the routine + group and the routine + folic acid group showed no evident
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Table 2. Comparisons of the 6MWD and serum NT-proBNP level in patients among the routine, routine + atorvastatin, routine + folic

acid, and routine + atorvastatin + folic acid groups.

Routine +
atorvastatin group
(n=62)

Routine group
(n=62)

After treatment 3219.65+208.73*

3008.51+118.62*#

Routine + atorvastatin +
folic acid group
(n=62)

Routine +
folic acid group
(n=62)

3054.68+119.35* 2818.76+104.65*#@

6MWD — 6-minute walk distance; NT-proBNP — N-Terminal pro Brain Natriuretic Peptide; * P<0.05 compared with before treatment;
# P<0.05 compared with the routine group before treatment;  P<0.05 compared with the routine + folic acid group before treatment;
@ P<0.05 compared with the routine + atorvastatin group before treatment.

Table 3. Comparison of clinical response in patients among the routine, routine + atorvastatin, routine + folic acid, and routine +

atorvastatin + folic acid groups after treatment.

. Routine + Routine + Routine + atorvastatin +
A Routine group A G o] 8
Clinical response (n=62) atorvastatin group folic acid group folic acid group
- (n=62) (n=62) (n=62)
Ineffective 32 (51.6%) 22 (35.5%) 25 (40.3%) 7 (11.3%)
Effective 16 (25.8%) 25  (40.3%) 22 (35.5%) 31 (50.0%)
Significant 14 (22.6%) 15 (24.2%) 15 (24.2%) 24 (38.7%)
Overall response rate 30 (48.4%) 40 (64.5%)* 37 (59.7%)* 55 (88.7%)*e

# P<0.05 compared with the routine group; * P<0.05 compared with the routine + folic acid group; ©® P<0.05 compared with the routine

+ atorvastatin group.

difference (p>0.05). The results above suggest that the com-
bination of atorvastatin and folic acid contributes to inhibit-
ing the ventricular remodeling of CHF patients with HHcy and
improve the cardiac function (Table 4).

Discussion

HF is a cardiovascular disease manifested with ventricular dys-
function, specifically abnormality in left ventricular ejection [25],
which is associated with high rates of morbidity and mortality
and a burden to the healthcare system [26]. Despite advanced
therapeutic drugs maintaining and stabilizing limited function-
al abilities, and improvement in the comfort of the patients
for remaining life-span, CHF still exerts a poor prognosis [27].
Based on this, we conducted our study and from the results
concluded that atorvastatin and folic acid synergistically im-
prove the cardiac function and attenuate ventricular remodel-
ing, and suppress the deterioration of CHF patients with HHcy.

In this study, it was found that combined treatment of ator-
vastatin and folic acid inhibited the Hcy level of elderly CHF
patients with HHcy, and thus improved the cardiac function
of patients. Statin therapy is a recognized lipid-lowering inter-
vention to decrease the risk of acute events in patients with
cardiovascular diseases [28]; as a member of statin family,
atorvastatin is proved to suppress Hcy accumulation in the
blood [29]. Li et al. provided evidence in a previous study that
the endothelial function can be protected by simvastatin [30].
Additionally, atorvastatin is a reductase inhibitor and acts as
antioxidant and anti-inflammatory independent of its lipid-
lowering abilities [31]. It can also function as a hepatoprotec-
tive and hypocholesterolemic agent so as to improve the car-
diovascular function through regulating oxidative stress, nitric
oxide (NO) and Hcy [32]. Folic acid is a synthetic form of fo-
late, which is a water-soluble B vitamin, and it is a promising
approach for improving endothelial function in patients with
HHcy [33]. HHcy is an independent putative risk factor for car-
diovascular diseases [34]. Folic acid deficiency is implicated
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Table 4. Comparison of cardiac function indexes of patients among the routine, routine + atorvastatin, routine + folic acid, and routine
+ atorvastatin + folic acid groups.

. Routine + Routine + Routine + atorvastatin +
Routine group . G o fl S
(n=62) atorvastatin group folic acid group folic acid group
- (n=62) (n=62) (n=62)

LVEDD (mm)

Before treatment 54.37+4.18 55.21+4.24 54.93+3.98 53.57+4.09

After treatment 50.34+3.26* 45.68+3.17*# 46.83+3.04*# 42.15+2.95*#e
LVPWT (mm)

Before treatment 7.58+1.12 7.21+1.03 7.74+1.35 7.81+1.44

After treatment 6.82+0.97 4.98+0.65** 5.01+0.72*# 3.21+0.46*#e
IVST (mm)

Before treatment 7.16+1.57 7.48+1.27 7.88+1.51 7.54+1.36

After treatment 7.98+1.69 9.74+1.78** 9.86+1.72** 11.33+1.84*#@
E/A (%)

Before treatment 0.74+0.21 0.78+0.19 0.81+0.16 0.79+40.17

After treatment 0.92+0.23 1.34+0.26*# 1.29+0.22*# 1.67+0.31*#%@
LVEF (%)

Before treatment 43.56+4.62 44.18+4.37 44.26+4.18 43.93+4.05

After treatment 47.58+4.81* 50.27+4.96** 48.87+5.01*# 53.16+5.24*#e

LVEDD - left ventricular end-diastolic dimension; LVPWT — left ventricular posterior wall thickness; IVST — interventricular septal
thickness; E/A — early diastolic peak flow velocity/atrial systolic peak flow velocity; LVEF — left ventricular ejection fraction; * P<0.05
compared with before treatment; # P<0.05 compared with the routine group after treatment; & P<0.05 compared with the routine +
folic acid group after treatment; ® P<0.05 compared with the routine + atorvastatin group after treatment.

in the remethylation pathway of Hcy metabolism [35]. Hcy is
supposed to induce oxidative stress and endothelial dysfunc-
tion [36]. The effect of folic acid on Hcy-lowering has been
seen in clinical trials [37,38]. In addition, elevated serum lev-
els of Hcy have various mechanisms affecting the cardiovascu-
lar system, such as endothelial dysfunction, inflammation, and
oxidative stress [39,40]. In this study, our results showed that
the combined treatment of folic acid and atorvastatin could
improve cardiac function through downregulating Hcy level.

In addition, atorvastatin and folic acid were also found to be ef-
fective in inhibiting the NT-proBNP level, which is a biomarker
for cardiac function. NT-proBNP is used as a diagnostic mark-
er for diastolic dysfunction [41], and for the severity and prog-
nosis of CHF [42]. Furthermore, an increased risk for 60-day
HF-associated events is implicated in patients with increas-
ing NT-proBNP [43]. In a previous study, atorvastatin has been
proved to improve cardiac function through the modulation
of NT-proBNP releasement [25]. Atorvastatin was indicated to
be effective in improving the left ventricular systolic function

with increased LVEF and decreased LVEDD [44]. Besides, in
our study, the LVPWT and LVEDD of all patients were reduced
while the IVST, E/A ratio and LVEF were increased after treat-
ment. And the routine + atorvastatin + folic acid group exhibit-
ed a significant cardiac function improvement, suggesting the
combination of atorvastatin and folic acid contributes to im-
prove the cardiac function of CHF patients with HHcy through
inhibiting the NT-proBNP releasement.

We also found that atorvastatin and folic acid work together
to inhibit ventricular remodeling. The statin class of drugs is
now recognized to have therapeutic properties beyond cho-
lesterol lowering, including anti-oxidation, anti-inflammation,
upregulation of nitric oxide synthesis [45], and prevention of
cardiovascular diseases [46]. In a former study on ventricu-
lar remodeling of spontaneously hypertensive rats, atorvas-
tatin was proved to upregulate the p27 protein level and in-
duce cell apoptosis, by which way the ventricular remodeling
was frustrated [47]. Additionally, folic acid seems to affect
bone remodeling [48] and renal remodeling [49], indicating a
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potential role of folic acid on ventricular remodeling. The pres-
ent study exhibited that the ventricular remodeling of CHF pa-
tients was inhibited in the routine + atorvastatin + folic acid
group. Therefore, the ventricular remodeling can be frustrated
by the combination of folic acid and atorvastatin.

Conclusions

To sum up, atorvastatin and folic acid are effective in the im-
provement of cardiac function and suppression of ventricular
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remodeling. This study provides evidence for the therapeutic
effect of atorvastatin and folic acid on CHF with HHcy and more
research on the specific mechanism involving the pathogene-
sis of CHF with HHcy are needed in the future.
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