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ABSTRACT 

Increased systolic and diastolic blood pressure is a result of the process of blood vessel degeneration that often occurs in the 

elderly. A number of previous studies have shown that cystatin C is a strong predictor of cardiovascular and mortality risk in 

elderly individuals though the mechanism remains unclear. Cystatin C also increases in individuals with decreased renal function. 

The objective of this study was to determine the effects of serum cystatin C levels on the systolic and diastolic blood pressure of 

the elderly with normal renal function. This was an analytical observational study with a cross-sectional design. The subjects of 

this study were both men and women aged ≥60 years old without renal function impairment. The subjects underwent systolic 

and diastolic blood pressure measurements, and their venous blood was taken to check the levels of serum cystatin C. The data 

were analyzed using a fischer exact test. Involving 40 elderly subjects, this study found that the mean systolic blood pressure 

was 147.750±23.258 mmHg, and the mean diastolic blood pressure was 88.250±11.353 mmHg while the mean level of serum 

cystatin C was 1.106± 0.006 mg/l. The statistical analysis showed a significant relationship between the levels of serum cystatin 

C and the systolic (p=0.030, RR=1.431, 95% CI: 0.983-2.275) and diastolic blood pressure (p=0.000, RR=1.290, 95% CI: 0.515-

12.076). In conclusion, elevated serum cystatin C levels were associated with increased systolic and diastolic blood pressure in 

elderly people with normal renal function. 
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1. INTRODUCTION 

Globally, the number of elderly population in the world 

is on the rise, resulting in increased chronic and multi-

pathological degenerative diseases that require a long-term 

high-cost treatment [1]. Degenerative changes may appear 

with age, manifested in such diseases as high blood 

pressure, heart disease, diabetes mellitus, renal disease, and 

others [2]. 

Indonesia basic health research (RISKESDAS) 2013 

reported that the prevalence of hypertension in Indonesia 

was 26.5 percent with the highest percentage found in 

Bangka Belitung (30.9%). Prosentase besar lainnya 

ditemukan di kota South Kalimantan (30.8%), East 

Kalimantan (29.6%), and West Java (29.4%). The highest 

prevalence of elderly population is in Yogyakarta (13.81%), 

this causes chronic diseases in the elderly such as necessary 

hypertension, to become a health problem. Such prevalence 

increased with age and tended to be higher in women than 

in men. In addition, this prevalence was also found higher 

in urban area than in rural area [1][3].  The data from the 

National Health and Nutrition Examination Survey 

(NHNES) III indicated that 65% of uncontrolled 

hypertension patients had ISH (Isolated Systolic 

Hypertension), and 80% of them were elderly people [4]. 

Hypertension in individuals can come from a combination 

of systolic and diastolic hypertension, or it can manifest 

itself as only systolic hypertension or known as isolated 

systolic hypertension. Isolated systolic hypertension is 

defined as increased systolic blood pressure with normal 

diastolic blood pressure (under 90 mmHg) due to an 

increase in both cardiac output and aortic stiffness [5]. 

Hypertension is a risk factor for vascular damage, end-

stage kidney disease and heart failure, the incidence of 

which continues to rise. The increase in either systolic or 

diastolic pressure in the blood vessels will increase the risk 

of cardiovascular morbidity and mortality. Changes in the 

blood vessels of elderly people are characterized by the 

thickening of tunica intima as a result of aging process. The 

changes lead to reduced blood vessel elasticity, resulting in 

increased blood pressure, particularly the systolic blood 

pressure [6].  

A previous study showed that an increase in serum 

cystatin C levels is correlated with mortality risk as some 

types of cardiovascular diseases (including hypertension) 

and aging are related to increased cystatin C. Serum cystatin 

C can also become a risk factor for cardiovascular damage 

and death, not only used as a marker to assess renal function 

[7]. Cystatin C is a protein weighing 13.3 kD produced by 

all cells that have a nucleus. It is a cysteine protease 
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inhibitor filtered by the glomerulus without any restrictions 

but not secreted by the renal tubules. Cystatin C is produced 

at a constant rate with renal elimination only from the 

glomerular filtration. In addition, this protein is not affected 

by sex, age, or muscle mass [8]. A study showed that 

Cystatin C as a marker of renal impairment and a predictor 

of cardiovascular morbidity and mortality, is also closely 

related to elevated left ventricular mass. It can be concluded 

that cystatin C is a marker of cardiac hypertrophy in 

hypertensive patients. [9].  

Each increase in cystatin C levels of 15 nmol/L (0.2 

mg/L) can lead to 15% increase in the risk of hypertension 

incidence. The relationship between the levels of cystatin C 

and hypertension incidence remains the same in patients 

with eGFR ≥90 mL/s per 1.73 m2. Cystatin C can also be 

used as a risk marker of cardiovascular damage, heart 

disease, and death. Studies in a number of patients with 

essential hypertension showed that serum cystatin C is a 

sensitive marker to assess the severity of cardiovascular 

damage, left ventricular hypertrophy, and carotid artery 

thickening [10][11]. An epidemiological study suggested 

that cystatin C is more reliable compared to creatinine for 

predicting cardiovascular morbidity and mortality in the 

elderly people and population not suffering from a chronic 

renal disease. Aside from the role as a marker to assess renal 

function, cystatin C is expected to exhibit another 

correlation with cardiovascular risk factors, thus allowing it 

to be used as a marker of cardiac damage in patients with 

hypertension, but the clear mechanism between the two has 

yet to be fully recognized [12].  

Serum cystatin C is a strong predictor of the risk of 

cardiovascular disease and death in elderly people. This 

present study therefore aims to determine the effects of 

serum cystatin C levels on the systolic and diastolic blood 

pressure in elderly population with normal renal function.  

2. METHODS 

This was observational analytic study with cross 

sectional method design. Population of this study was 

participants of elderly at Integrated Health Service Post 

(Posyandu) in Kotagede Yogyakarta aged ≥ 60 years old. 

The minimum sample needed according to the calculation 

was 40 samples collected using consecutive sampling 

method. Inclusive criteria in this study were patients aged 

≥ 60 years old, without impaired renal function, 

determined by Glomerular Filtration Rate (GFR) > 

60/mL/s/1,73m2.  The exclusion criteria were elderly with 

comorbid disease heart failure and acute infectious diseases. 

This study was started by filling anamnesis form to find 

characteristics of subjects and then it was followed by the 

measurement of systolic and diastolic blood pressure as 

well as blood sampling to measure the level of serum 

cystatin C. 

The data for age was reported by year. Systolic blood 

pressure was determined as high if the systolic blood 

pressure ≥ 140 mm Hg, and diastolic blood pressure was 

determined as high if the diastolic blood pressure ≥ 90 mm 

Hg in at least 2 measurements. The level of serum cystatin 

C was measured by taking blood sample from study subjects 

and then it was followed by the measurement in laboratory. 

Serum cystatin C was measured using nephelometry and it 

was reported in m/L. The level of normal cystatin in the 

body of Asian people was under 0.9 mg/L. Therefore, when 

the level of cystatin was above 0.9 mg/L, it can be 

considered as high, and when the level of cystatin was less 

or same with 0.9, it can be considered as normal [11]. Blood 

sampling for GFR measurement was performed 

simultaneously with blood sampling for the measurement of 

the level of cystatin C. The data obtained from the study 

results were analyzed using fischer exact test. 

This study kept the confidentiality of the patients, and 

performed all procedures according to study ethic. This 

study obtained approval from ethical review committee for 

biomedical study involving human subjects and informed 

written consent was taken from subjects. 

3. RESULTS 

There were 40 subjects completing the anamnesis forms 

and having their blood pressure measured. The 

characteristics of the subjects are shown in Table 1. The age 

of the subjects in this study ranged from 60 years to 89 years 

dominated by 27 male participants (67.5%) with the rest 

comprising 13 female subjects (32.5%). The mean 

glomerular filtration rate was 75.909 ±17.452 mL/s/1.73m2, 

and the mean cystatin C level was 1.106±0.006 mg/L. The 

variables of age, systolic blood pressure, diastolic blood 

pressure, glomerular filtration rate, and cystatin C levels 

were normally distributed. 
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In this study, the levels of serum cystatin C were grouped 

into high level (>0.9 mg/L) and normal level (≤0.9 mg/L) 

while the systolic and diastolic blood pressure levels were 

also divided into high (≥140) and normal systolic blood 

pressure (<140). A statistical test was performed to identify 

the relationship between the serum cystatin C levels and the 

systolic and diastolic blood pressure. Based on both data, an 

analysis was performed using the fischer exact test. The 

analysis results of the relationship between the levels of 

serum cystatin C and the systolic and diastolic blood 

pressure are presented in Table 2 and Table 3. 

Table 2. Relationship Between Systolic Blood Pressure 

with Serum Cystatin C Levels 

Variable High systolic 

blood 

pressure 

(≥140) 

Normal 

systolic blood 

pressure 

(<140) 

P* 

High Cystatin 

C  (>0.9 mg/L) 

25 

 

4 P= 

0.030 

Normal 

Cystatin C 

(≤0.9 mg/L) 

4 7 

*analysis using fischer exact test 

 

Table 3. Relationship Between Diastolic Blood Pressure 

with Serum Cystatin C Levels 

Variable High 

Diastolic 

blood 

pressure 

(≥90) 

Normal 

systolic blood 

pressure 

(<90) 

P* 

High Cystatin 

C  (>0.9 mg/L) 

20 

 

9 P= 

0.000 

Normal 

Cystatin C 

(≤0.9 mg/L) 

4 7 

*analysis using fischer exact test 

 

 

 

 

 

 

 

 

 

 

 

 

 

The analysis using the fischer exact test found a 

relationship between the levels of serum cystatin C and 

systolic blood pressure with p-value of 0.030, and relative 

risk (RR) of 1.431 at a 95% confidence level (CI: 0.983-

2.275). The relationship between the levels of serum 

cystatin C and diastolic blood pressure was found at p-value 

of 0.000 and relative risk (RR) of 1.290 with a 95% 

confidence level (CI: 0.515-12.076). Since the p-value was 

less than 0.05, it could be concluded that there was a 

significant relationship between the levels of serum cystatin 

C and systolic and diastolic blood pressure.  

4. DISCUSSION 

In this study, the relationship between serum cystatin C 

levels and systolic blood pressure was significant (p=0.030, 

RR=1.431, 95% CI: 0.983-2.275) whereas the relationship 

between the levels of serum cystatin C and diastolic blood 

pressure was also significant (p=0.000, RR=1.290, 95% CI: 

0.515-12.076). This suggests an association or effect of 

cystatin C levels on systolic and diastolic blood pressure in 

the elderly population with normal renal function. 

This result is in line with the study conducted by 

Kestenbaum et al. (2008) found that each 15 nmol/L (0.2 

mg/L) rise in the levels of cystatin C was able to increase 

the risk of hypertension incidence by 15% [13]. A study by 

Salgado et al. (2013) supported that cystatin C could be 

used as a screening markers both to detect mild 

deterioration in kidney function and to prevent the risk of 

cardiovascular complications in hypertensive subjects with 

normal renal function [14]. 

Another study that supports this result showing that 

increased systolic blood pressure of 1.19±0.55 mmHg led 

to elevated levels of serum cystatin C of 0.4mg/L when the 

kidney was in a normal condition [15]. The previous study 

by Prats et al. (2010) also described that patients with high 

levels of cystatin C correlated with high prevalence of 

cardiac hypertrophy, which contrarily indicated no 

correlation with serum creatinine or GFR estimation in 

patients. Consequently, the results of this study correspond 

to those of the previous study [16] though they were 

Table 1. Baseline Characteristics of the Elderly with Normal Renal Function 

Variable Min Max Mean±SD P ** 

Age (year) 60 89 65.95±8.108 p>0.05 

Gender: 
Male (%) 
Female(%) 
 

 
 

 
 

 
27 (67.5 %) 
13 (32.5 %) 

 

Blood Pressure (mmHg) 
Systolic 
Diastolic 

 
110 
70 

 
240 
120 

 
147.750±23.258 
88.250±11.353 

p>0.05 
 
 
 

*GFR (mL/s/1.73m2) 68.10 105.70 75.909 ± 17.452 p>0.05 

Level of Cystatin  C (mg/L) 0.46 4.54 1.106± 0.006 p>0.05 

*GFR: Glomerular Filtration Rate 

**p>0.05 with normality test, data was normally distributed 
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conducted on adult patients instead of specifically on 

elderly patients.  

According to the National Kidney Foundation (2016), 

some references stated that at the age of over 50 years old, 

the levels of serum cystatin C may be higher, which can 

therefore become one of the factors affecting the results of 

the levels of cystatin C measurement in this study. In the 

elderly, the changes occur not only to the blood vessels but 

also to renal function that can decline due to the cell 

generation process [17]. Wang et al. (2015) showed in their 

study that the serum cystatin C levels of elderly patients 

with coronary artery disease and hypertension were closely 

related to the levels of systolic and diastolic blood pressure 

and degree of coronary arteries occlusion. Serum cystatin C 

may become a predictor of disease severity in hypertensive 

elderly patients with coronary heart disease [18].  

Similar findings supporting these results come from 

research by Sur et al. (2015) in India which observed that 

cystatin C had a significant positive correlation with 

systolic blood pressure in stage I and stage II hypertensive 

patients. However, their study found that cystatin C did not 

show a significant correlation with diastolic blood pressure. 

Since systolic blood pressure is significantly associated 

with kidney function at various levels of cystatin C, even in 

subjects with normal renal function, this may provide an 

important association in the diagnosis of deteriorated 

kidney function at an early stage [19].  Liu et al. (2014) 

showed that the greater the metabolic scores, the  higher 

serum cystatin C levels in metabolic syndrome patients. 

Serum cystatin C levels are significantly associated  with 

blood pressure, body mass index, waist circumference, 

waist–hip ratio, waist–height ratio, triglyceride, and fasting 

plasma glucose, but not correlated with LDL cholesterol 

levels, and negatively correlated with HDL-cholesterol 

levels  [20]. 

This study has a limitation in that the study samples 

selected were only limited to the elderly participants at an 

Integrated Health Service Post (Posyandu) in Kotagede 

Yogyakarta, making it unable to reflect the actual 

population. In addition, the confounding factors 

(comorbidity disease such as hypertiroidism, rheumatoroid 

disease, autoimmune disease) that could affect the levels of 

cystatin C in the study samples had not been fully 

controlled. 

5. CONCLUSIONS 

The levels of serum cystatin C had significant effects on 

the increase in both systolic and diastolic blood pressure in 

the elderly with normal renal function. 
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