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Effect of low-dose diuretics on the level of serum cystatin C and
prognosis in patients with asymptomatic chronic heart failure
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Abstract. The aim of the present study was to investigate the
effect of low-dose diuretics on the serum cystatin C (CysC)
and serum creatinine (Scr) levels, and on the prognosis in
patients with asymptomatic chronic heart failure (HF). A total
of 66 asymptomatic chronic HF patients were divided into the
observation and control groups (n=33 in each group). Patients
in the control group were treated with a routine treatment,
while the patients in the observation group were treated with
the diuretic hydrochlorothiazide along with the same routine
treatment as the control group. The left ventricular ejection
fraction (LVEF), serum CysC levels, Scr levels, heart function,
prognosis, adverse reactions and complications of the patients
in the two groups were compared prior to and following
treatment. The LVEF increased in the two groups following
treatment, while the levels of serum CysC and Scr decreased.
The LVEF in the observation group increased following treat-
ment for 1, 3 and 6 months compared with the LVEF values
in the control group. In addition, the levels of serum CysC and
Scr in the observation group were found to be lower compared
with those in the control group (P<0.05). The incidence of
adverse prognosis following treatment for 6 months in the
observation group was lower compared with that in the control
group (P<0.05). The proportion of HF patients with New York
Heart Association (NYHA) class I and II increased following
treatment for 6 months in the two groups (P<0.05). However,
in the observation group, a higher number of patients exhibited
class I and II disease after treatment for 6 months compared
with the number in the control group (P<0.05). Furthermore,
no statistically significant difference was observed between
adverse reactions and complications in the two groups
(P>0.05). In conclusion, low-dose diuretics may effectively
improve the cardiac and renal functions and prognosis in
asymptomatic chronic HF patients, without increasing the
incidence of side effects.
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Introduction

In recent years, environmental and lifestyle changes, as well as
the increase in the aging population, have led to a subsequent
increase in the incidence rates of different cardiovascular and
cerebrovascular diseases (1). Chronic heart failure (HF) refers
to the weakening of myocardial contractility, in which the
normal cardiac output cannot be maintained due to chronic
primary myocardial disease, long-term high blood pressure or
circulatory overload (2). Chronic HF can involve the left side,
right side or whole heart (3). Asymptomatic HF is a common
disease and hospitalization cause in elderly patients (4), which
does not present evident symptoms, but is the end-stage of
various types of heart disease. In HF, various body functions
of the patients are significantly impaired and the immune
function decreases. Adverse cardiac events frequently occur
in patients with HF, and may result in mortality. The survival
rate of HF is low and the prognosis is poor (5). Therefore, the
development of more effective medication is essential in order
to improve the function of various organs and the prognosis
of patients.

Diuretics are an important, indispensable part of the stan-
dard treatment for HF. These drugs can improve the clinical
symptoms of patients with HF, when combined with angio-
tensin-converting enzyme inhibitors, angiotensin receptor
blockers and other drugs (6,7). However, diuretics may lead to
various adverse reactions, affecting the therapeutic efficiency
of the treatment. In addition, certain patients may refuse the use
of diuretics during the treatment. In such cases, the recurrence
rate of HF is high, with an increased number of re-hospitalized
patients, while the treatment efficiency can be reduced and a
longer course of treatment is required (8). Previous studies
have shown that regular long-term use of low-dose diuretics
can improve the cardiac function of patients. For instance, in
the study by Cocco and Jerie (9), the left ventricular ejection
fraction (LVEF) of patients increased following treatment with
diuretics, while the side effects and complications decreased.
Cystatin C (CysC) is a type of cysteine protease inhibitor.
When the renal function declines, CysC levels increase much
earlier than the levels of urea and creatinine. Therefore, the
level of CysC can be used in the evaluation and early predic-
tion of changes in the renal function (10,11). A decrease in the
heart function of patients has been shown to be accompanied
by abnormal kidney function (12). Therefore, improving the
cardiac function, renal function and prognosis of patients with
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HF is crucial. Only a limited number of studies have reported
the effects of diuretics on the level of serum CysC and the
prognosis of patients with HF (13).

The aim of the present study was to analyze changes in
the LVEF and the levels of serum creatinine (Scr) and serum
CysC after long-term use of low-dose diuretics in patients with
asymptomatic chronic HF. In addition, the study investigated
the effects of long-term regular use of low-dose diuretics on
the prognosis, cardiac function classification, occurrence of
adverse reactions and complications in patients with asymp-
tomatic chronic HF.

Subjects and methods

Subjects. A total of 66 patients with asymptomatic chronic HF
who were admitted to the Henan University Huaihe Hospital
(Kaifeng, China) between January 2012 and January 2014
were enrolled in the present study. The patients were randomly
divided into the observation (17 men and 16 women; age
range, 45-78 years; mean age, 63.52+8.47 years) and control
group (18 men and 15 women; age range, 42-76 years; mean
age, 63.15+8.82 years), with 33 patients in each group. The
study included patients who met the diagnostic criteria for
HF (14) and provided informed consent. Patients with liver
and/or kidney dysfunction, pregnant or lactating patients, and
patients complicated by other severe cardiovascular diseases,
cerebrovascular diseases or other causes of severe arrhythmia
were excluded from the study. The heart function of patients
was classified according to the New York Heart Association
(NYHA) functional classification (15). This study was
conducted in accordance with the declaration of Helsinki and
with approval from the Ethics Committee of Henan University
Huaihe Hospital. Written informed consent was obtained from
all participants.

Treatment method. The patients were treated with angio-
tensin-converting enzyme inhibitors (25 mg Captopril;
Wanchang Pharmaceutical Co., Ltd., Xi'an, China), (3 blockers
(25 mg Porpranolol; Baiyunshan Pharmaceutical Co. Ltd.,
Guangzhou, China) and Digitalis (0.5 mg Lanatoside; Fuxing
Pharmaceutical Co., Ltd., Shanghai, China) in the control
group, which is routine treatment for HF patients. Patients in
the observation group were treated with the same treatment as
the control group, in addition to 5-15 mg/day of the diuretic
hydrochlorothiazide (Shanxi Yunpeng Pharmaceutical Co.,
Ltd, Linfen, China; approval no. H14020796) for long-term
treatment, along with the same routine treatment as the control

group.

Detection method. In order to evaluate the effect of the
diuretic treatment in HF patients, the LVEF, levels of Scr
and serum CysC and NYHA cardiac functional classification
were determined, while any adverse reactions and compli-
cations prior to and following the diuretic treatment were
recorded in the two groups. The LVEF, serum CysC levels
and Scr levels were detected in the patient serum at 1 day
before the treatment, and at 1 week, 1 month, 3 months and
6 months after the treatment. A total of 5 ml fasting blood
was extracted from all participants, centrifuged at 4,000 x g at
4°C for 10 min and stored at a constant temperature of -20°C.
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Next, the level of serum CysC was detected using the latex
enhanced turbidimetric method (16), while the level of Scr was
detected using an enzymatic method (17). Scr detection Kkits
were provided by Nanjing Sen Beijia Biological Technology
Co., Ltd. (Nanjing, China). An ELx800 optical absorbance
microplate reader (BioTek Instruments, Inc., Winooski, VT,
USA) was used to measure the absorbance values at 570 nm.
LVEF was detected using the HP Sonos 2000 ultrasonic diag-
nostic apparatus (Hewlett-Packard, Palo Alto, CA, USA) and
the ultrasonic probe frequency was 3.5-7 MHz. All procedures
were performed in strict accordance with the manufacturer's
instructions.

Evaluation method. NYHA functional classification (15) was
determined according to the activity degree of symptoms of
induced by HF. The degree of cardiac function damage is
divided into the following four classes: Class I, in which the
patient suffers from heart disease, but daily physical activity
is not limited and does not cause excessive fatigue, palpi-
tations, shortness of breath or angina pectoris; class II, in
which the physical activity of patients with heart disease is
mildly restricted, with no symptoms at rest, while general
physical activity can cause excessive fatigue, palpitations,
shortness of breath or angina pectoris; class III, in which
heart disease causes significant restriction in physical
activity, with no symptoms at rest, while less than ordinary
physical activity can result in excessive fatigue, palpitations,
shortness of breath or angina pectoris; and class IV, in which
the patients with heart disease are unable to engage in any
physical activity, while the symptoms of HF appear at rest
and discomfort is aggravated subsequent to any physical
activity.

Statistical analysis. All data were analyzed using SPSS
version 17.0 software (SPSS Inc., Chicago, IL, USA).
Quantitative data were compared using the t test, while
enumeration data were compared with the % test. P<0.05 was
considered to indicate a statistically significant difference.

Results

NYHA classification of patients. In the observation group,
there were 2 cases with NYHA class II, 23 cases with class I11
and 8 cases with class IV. In the control group, there were
3 cases with NYHA class II, 23 cases with class III and
7 cases with class I'V. No statistically significant differences in
the gender, age, NYHA cardiac functional classification were
observed between the two groups (P>0.05).

Comparison of LVEF, serum CysC levels and Scr levels
prior to and following treatment in the two groups. LVEF,
serum CysC levels and Scr levels prior to diuretic treatment
were compared between the two groups, and no statistically
significant difference was observed (P>0.05; Table I). In the
observation group, LVEF after treatment for 1 week, 1 month,
3 months and 6 months increased compared with the values
prior to treatment. In addition, the levels of serum CysC and
Src in the observation group were found to be decreased at
these time points compared with the levels prior to diuretic
treatment. In the control group, LVEF increased after
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Table I. Comparison of LVEEF, Scr levels and serum CysC levels prior to and following diuretic treatment in the two groups.

Levels at each time point Observation group Control group t test P-value
Prior to treatment

LVEF, % 25.45+4.92 26.02+4.22 0.25 >0.05

CysC, mg/l 6.42+2.14 6.39+2.66 0.18 >0.05

Scr, ymol/l 265.41+53.22 259.25+51.98 143 >0.05
After treatment for 1 week

LVEF, % 35.22+3.64* 31.45+3.65 1.82 >0.05

CysC, mg/l 4.87+1.05* 5.49+1.24 2.26 >0.05

Scr, ymol/l 185.69+46.88* 192.84+48.72 2.17 >0.05
After treatment for 1 month

LVEE % 43.55+4 .26 33.68+4.75° 2.62 <0.05

CysC, mg/l 3.26+0.59* 4.18+0.88° 3.54 <0.05

Scr, pmol/l 125.78+32.55° 146.25+36.74° 3.89 <0.05
After treatment for 3 months

LVEE, % 48.25+4 88" 36.47+4.69° 345 <0.05

CysC, mg/l 2.24+0 .48 3.96+0.72° 4.16 <0.05

Scr, ymol/l 98.41+21.59* 123.55+23.72° 4.87 <0.05
After treatment for 6 months

LVEE % 50.86+5.22* 38.22+5.12° 4.28 <0.05

CysC, mg/l 1.65+0.26 2.84+0.53° 527 <0.05

Scr, pmol/l 78.52+13.78* 106.65+17 43° 593 <0.05

1P<0.05, vs. observation group before treatment; "P<0.05, vs. control group before treatment. LVEF, left ventricular ejection fraction; Scr,

serum creatinine; CysC, cystatin C.
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Figure 1. LVEF levels at different treatment time points in the two groups.
LVEEF, left ventricular ejection fraction.

treatment for 1, 3 and 6 months compared with the value
prior to treatment, whereas the levels of serum CysC and Scr
decreased at these time points compared to the levels prior to
treatment. Furthermore, LVEF values in the observation group
after treatment for 1, 3 and 6 months was higher compared
with those in the control group (P<0.05). The levels of serum
CysC and Scr in the observation group were lower at the afore-
mentioned time points compared with the levels in the control
group, and the difference was statistically significant (P<0.05;
Table I; Figs. 1-3).

=+Observation group
-&-Control group

CysC (mg/L)

0 0.25 1 3 6
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Figure 2. CysC levels at different treatment time points in the two groups.
CysC, cystatin C.

Comparison of NYHA class prior to and following diuretic treat-
ment in the two groups. The number of patients in each NYHA
class prior to treatment was not significantly different between
the two groups (P>0.05; Table ITA). The number of patients
with class I and II heart function in the two groups increased
following treatment, while the number of patients with class II1
and IV cardiac function decreased. In the observation group,
the number of patients with cardiac function of class I and 11
increased following treatment, whereas the number of patients
with cardiac function of class III and IV decreased following
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Table II. Comparison of NYHA cardiac function classification prior to and following treatment in the two groups (n, %).

A, Prior to treatment

Parameter Observation group Control group ¥ test P-value
Number of patients, n 33 33 - -
NYHA classification, n (%)
Class I 0 (0.00) 0 (0.00) - -
Class IT 2 (6.06) 3 (9.09) 3.24 >0.05
Class III 23 (69.69) 23 (69.69) - -
Class IV 8 (24.24) 7 (21.21) 1.42 >0.05
B, After treatment for 6 months
Parameter Observation group Control group ¥’ test P-value
Number of patients, n 32 31 - -
NYHA classification, n (%)
Class I 3(9.38)* 1(3.23)" 6.62 <0.05
Class II 9 (28.13)* 4 (12.90) 7.84 <0.01
Class III 18 (56.25)* 22 (70.97)"° 4.66 <0.05
Class IV 2 (6.25)° 4 (12.90)° 597 <0.05

1P<0.05, vs. observation group before treatment; "P<0.05, vs. control group before treatment. Lack of significant difference is indicated by a

hyphen (-). NYHA, New York Heart Association.

Table ITI. Comparison of prognosis after treatment for 6 months in the two groups (n=33 each group).

Prognosis Observation group Control group ¥’ test P-value
Improvement, n (%) 26 (78.79) 20 (60.61) 4.82 <0.05
Deterioration, n (%) 6 (18.18) 11 (33.33) 6.48 <0.05
Mortality, n (%) 1 (3.03) 2 (6.06) 6.25 <0.05
Incidence of adverse prognosis, % 21.21 39.39 4.82 <0.05
300

treatment, when compared with that in the control group, and 250 ™ ~+-Observation group
the differences were statistically significant (P<0.05; Table IIB). ~#Control group

S 200 b
Comparison of prognosis in the two groups. In the observa- :,i e
tion group, the number of patients with improved prognosis 3
increased after treatment for 6 months compared with the 100
control group (Table III). In addition, the number of HF =y
patients with deteriorated prognosis, mortality or incidence of
adverse prognosis were significantly lower in the observation 0

0 025 1 3 6

group, compared with those in the control group following
treatment for 6 months (P<0.05; Table III). Thus, the results
indicated that treatment with low-dose diuretics improved the
prognosis of patients with HF.

Comparison of adverse reactions and complications. The
incidence of headaches, dizziness, anemia, allergies, difficulty
in breathing, hearing loss, and other adverse reactions and
complications was compared between the two groups, with no
statistically significant differences observed (P>0.05; Table IV).

Treatingtime (month)

Figure 3. Comparison of the levels of Scr at different treatment times in the
two groups. Scr, serum creatinine.

Discussion

HF is frequently associated with asymptomatic left ventricular
dysfunction (18). Patients normally present left ventricular
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Table I'V. Comparison of adverse reactions and complications in the two groups (n=33 each group).

Parameter

Observation group

Control group

Headache and dizziness, n
Anemia, n

Allergies, n

Difficulty in breathing, n
Hearing loss, n

Incidences of adverse reactions
and complications, %"

—_— O N = =
O = = =

15.15 12.12

*Comparison of incidence of adverse reactions and complications between the two groups resulted in y? test = 2.43 and P>0.05.

systolic dysfunction without evident symptoms of congestive
HF. Asymptomatic HF often occurs in the elderly popula-
tion, severely affecting the patient's health and quality of
life, and may be life-threatening (19,20). The incidence of
HF in patients with cerebral vascular disease is high, while
cardiovascular and cerebral amplification effects may result
in alterations in the cardiac function of patients. In the early
stages of the disease, the patients often present no evident
symptoms. With time, the disease may develop or worsen into
dominant HF, which may lead to the occurrence of an adverse
prognosis (21,22); therefore, it is important to detect, prevent
and timely treat chronic HF at an early stage.

Diuretics are commonly administered for the treatment
of HF, since they can reduce the occurrence of sodium and
water retention through inhibition of tubular reabsorption of
sodium and chloride, thereby reducing the cardiac load in
order to improve heart function (23). Asymptomatic chronic
HF often develops into HF with evident symptoms, having
severe and even life-threatening effects on the health of
patients and resulting in the incidence of adverse prognosis.
Therefore, the timely and effective treatment of HF patients
is crucial. Serum CysC levels are altered with changes in
renal function, and thus can be used as an index for the early
detection of such changes (24). There are few studies reporting
the effect of low-dose diuretics on renal function and prog-
nosis (13,25). Determination of the effect of long-term regular
use of low-dose diuretics on cardiac function, renal function
and prognosis of patients with asymptomatic HF may provide
a strong clinical basis for the improvement of prevention and
prognosis, avoiding organ damage.

The results of the present study showed that the LVEF
and heart function of patients with asymptomatic HF were
significantly reduced compared with normal levels, which
was consistent with the results of Parry et al (26). In addition,
the levels of Scr, CysC and other markers of renal function
in patients with asymptomatic chronic HF were significantly
increased compared with normal levels in the present study,
suggesting that the renal function was evidently damaged.
Asymptomatic HF involves multiple systemic organs prior to
the appearance of evident symptoms, and thus its early diag-
nosis and treatment are crucial. The mechanism of abnormal
cardiac and renal function in patients with asymptomatic HF
may be explained as follows: HF leads to long-term overload
compensatory work, which may cause significant cardiac

damage, reduce the heart function of patients and result in
the reduction of LVEF. Abnormalities in the heart function
frequently lead to the alteration of hemodynamics, affecting
renal blood circulation, which can result in the decline of
renal function and the increase of Scr and CysC levels (27). In
the present study, following treatment with long-term regular
low-dose diuretics, the LVEF of the patients with asymptom-
atic HF increased consistently, while the levels of Scr and
CysC continuously declined throughout the treatment. The
improvement in the heart and renal function of the patients
indicated that long-term regular low-dose diuretic-based treat-
ment was beneficial, improving the organ function in patients
with chronic HF.

The underlying mechanism through which long-term
regular use of low-dose diuretics elevate LVEF and
decrease the levels of Scr and serum CysC may be as
follows: A low dose of diuretics can have a long-term posi-
tive effect on the kidneys, inhibit the overactivation of the
rennin-angiotensin-aldosterone system in patients with asymp-
tomatic HF, and alleviate the symptoms of HF. Furthermore,
low-dose diuretic treatment effectively inhibits the reabsorp-
tion of sodium and chloride in the glomerulus in order to
decrease their levels in the body, while it also reduces the
occurrence of sodium and water retention, reduces the cardiac
preload in order to improve heart function, and improves the
LVEF. The improvement of cardiac function can also reduce,
to a certain extent, the effects of HF on hemodynamics,
improving the renal circulation and function, and reducing
the levels of Scr, CysC and other associated indexes of renal
function (28). Following treatment with long-term low-dose
diuretics, a higher number of patients with asymptomatic HF
exhibited improved HF-related symptoms compared with the
control patients, while the number of patients with worsened
disease or mortality due to renal failure reduced. In addition,
the heart function classification of patients increased and the
prognosis was evidently improved, following diuretic treat-
ment. Furthermore, the incidence of adverse reactions and
complications (including headache, dizziness, anemia, aller-
gies, breathing difficulties and hearing loss) did not increase
in patients treated with diuretics, compared with the control
patients. Due to the short observation time in the present
study, the interval between heart and renal function detection
was longer, while a large number of factors affected the heart
function, renal function and prognosis. Therefore, the effect of
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low-dose diuretics on patients with asymptomatic chronic HF
should be investigated further in an in-depth study with longer
observation time.

In conclusion, long-term low-dose diuretic treatment effec-

tively improved the heart function, renal function and prognosis
in patients with asymptomatic chronic HF. Furthermore, this
treatment did not increase the occurrence of adverse reactions
and complications. Thus, administration of low-dose diuretics
is an effective treatment for asymptomatic chronic HF.
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