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Cystatin C and uncontrolled hypertension

Introduction

Hypertension is an underdiagnosed and undertreated dis-
ease in real life (1-4). Lowering blood pressure with pharma-
cologic intervention has been shown to reduce cardiovascular 
morbidity and mortality rates (4-6). Renal control of extracellular 
volume plays a key role in blood pressure regulation, and chronic 
kidney disease (CKD) has been a well-recognized cause of un-
controlled hypertension (7, 8). The definition of CKD is based on 
the glomerular filtration rate (GFR), which has been estimated 
based on serum creatinine concentrations. However, the com-
bined use of serum creatinine and cystatin C levels performed 
better for confirmation of CKD (9). Serum cystatin C is a sensi-
tive biomarker used to measure kidney function and seems to 
be independent of age, sex, and muscle mass (10). Increased se-
rum level of cystatin C seems to predict adverse cardiovascular 
events and acts as an early marker for renal impairment (10-13). 
Based on these data, we hypothesized that serum cystatin C lev-
els might predict uncontrolled hypertension in individuals with 
apparently normal kidney function based on serum creatinine 
measurements.

Methods

Patient characteristics, basic measurements, and labora-
tory tests
We designed an observational study to analyze serum cystatin 

C levels to predict uncontrolled hypertension in individuals with-
out apparent kidney failure. We screened adult patients residing 
in predetermined rural and urban territories. The subjects were 
visited at their homes and invited to participate in the survey. We 
assessed 1037 patients for inclusion and excluded 134 patients 
because of known renal disease. In the second step, 71 patients 
were additionally excluded due to reduced GFR, significant albu-
minuria (>30 mg/24 h), and newly diagnosed hypertension. Finally, 
832 patients constituted the final sample population. The patients 
were grouped based on their diagnosis and control of hyperten-
sion (Fig. 1). Data on social characteristics, medical history, and 
use of any drug were obtained using a questionnaire. Blood 
samples were drawn from each participant early in the morning 
after overnight fasting to measure the serum creatinine, glucose, 
and cystatin C levels. The 24-h urine specimens were collected 
to measure albumin excretion rate. The measurement of serum 
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glucose was performed twice in individuals with glucose level of 
>126 mg/dL. Patients with a history of hypertension were subdi-
vided as controlled and uncontrolled hypertension based on their 
blood pressure measurements (see details below). Subjects with 
incidental low GFR (<90 mL/min/1.73 m2) and newly diagnosed hy-
pertension were also excluded for comparison by blood pressure 
control. The flow diagram of the participants is shown in Figure 1. 
All patients provided written informed consent. This study com-
plied with the Declaration of Helsinki and was approved by the 
Institutional Committee on human research and registered at Clini-
calTrials.gov (identifier NCT 02334033).

Blood pressure was measured from both arms by using a 
mercury sphygmomanometer with the participants in a sitting 

position after a 5-min rest. The legs of the subjects were un-
crossed, and their feet were on the floor. The arms were sup-
ported at the heart level. The individuals did not have caffeine 
or tobacco in the 30 min before the measurement. The cuff of 
the sphygmomanometer was inflated rapidly to 180–200 mm Hg, 
then the cuff was released at a moderate rate (3 mm/s). The first 
Korotkoff sound was the subject’s systolic blood pressure. The 
point, when the sounds disappeared, was the diastolic blood 
pressure. Systolic and diastolic blood pressures were calculat-
ed as the mean of the two measurements from the left and right 
arms, which were obtained at 5-min intervals. The higher mean 
of the blood pressure measured from two arms was recorded for 
the analysis. Blood pressure was measured in the morning after 

A total of 1037 individuals who gave 
consent for the survey were screened. 
Of them 134 were excluded for known 
chronic kidney disease. So 903 subjects 
were included.

Had history of hypertension (n=444)
Uncontrolled hypertension (n=254)
Controlled hypertension (n=190)

Uncontrolled hypertension with 
normal creatinine levels (n=230)

Controlled hypertension with 
normal creatinine levels (n=174)

No hypertension with normal 
creatinine levels (n=428)

Had no history of hypertension (n=459)
Newly diagnosed hypertension (n=29)
No diagnosis of hypertension (n=430)

Groups of analysis

Excluded;
The incidence of low glomerular filtration 
rates or albuminuria >30 mg/24 hours (n=42)
• Uncontrolled hypertension (n=24)
• Controlled hypertension (n=16)
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Newly diagnosed hypertension (n=29)

Screening

History of hypertension
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Figure 1. Flow diagram of patients. The diagram includes detailed information on the excluded patients and formation of groups
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the subjects had taken their pills. Controlled hypertension was 
defined as systolic blood pressure <140 mm Hg and diastolic 
blood pressure <90 mm Hg under antihypertensive drug treat-
ment. Uncontrolled hypertension was defined as systolic blood 
pressure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg 
under antihypertensive drug treatment. We excluded 29 patients 
without a known history of hypertension who had high blood 
pressure measurements. Status of hypertension control was 
confirmed with ambulatory blood pressure monitoring. The cut-
off values for 24-h mean recordings were identified as 140 mm 
Hg and 90 mm Hg for systolic and diastolic pressure, respective-
ly. The mean ambulatory blood pressure levels were within the 
defined limits in nine patients whose initial measurements were 
higher. Hence, they were assumed to have controlled hyperten-
sion. Based on the ambulatory recordings, the participants were 
divided into three groups: controlled hypertension, uncontrolled 
hypertension, and no hypertension.

Serum creatinine and cystatin C levels were measured from 
venous blood samples. All analyses were performed in a central 
laboratory. Serum cystatin C levels were measured using a par-
ticle-enhanced immunonephelometric assay (N Latex Cystatin C; 
Dade Behring, Deerfield, IL, USA). The inter- and intra-assay co-
efficients of variation were 5.1% and 4.4%, respectively. Serum 
creatinine levels were measured using the Jaffe method (Roche 
Diagnostics, Indianapolis, IN, USA). GFRs were estimated using 
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) 
equations based on serum creatinine and cystatin C concentra-
tions (14). Plasma glucose concentrations were measured using 
the glucose oxidase method on an auto-analyzer (Express Plus 
500 Auto-analyzer CIBA-Corning, Germany).

Body mass index (BMI) was calculated as the weight in kilo-
grams divided by the height in meters squared. Abdominal obe-
sity was defined based on waist circumference of >102 and >88 
cm in men and women, respectively. Waist circumference was 
measured using a tape measure placed around the abdomen at 
the upper margin of the iliac crests. The tape was positioned par-
allel to the floor, and the measurements were performed at the 
end of the expiration. Body weight, height, and waist circumfer-
ence were measured by a trained surveyor while the individu-
als were wearing underclothes without shoes. Diabetes mellitus 
was diagnosed as two fasting glucose measurements >126 mg/
dL or use of hypoglycemic drugs.

Sample size was calculated with assumed concentrations of 
serum cystatin C as 0.95±0.26 mg/L and 0.89±0.23 mg/L in patients 
with hypertension and in the control group, respectively. The total 
sample size of 872 was necessary for a two-sided test with 0.95 
statistical power and alpha level of 0.05. Therefore, we screened 
1037 subjects and included 903 individuals in the survey.

Statistical analyses
Data were expressed as frequencies for discrete variables 

and as means±standard deviation or median (interquartile 
range) for continuous variables. Shapiro–Wilk test was used to 

assess data distribution. Demographic continuous variables of 
the groups with or without controlled hypertension were com-
pared using the Student unpaired t-test or Mann–Whitney U-
test according to data distribution. The chi-squared analysis 
was used to assess the significance of differences between 
dichotomous variables. One-way analysis of variance compared 
the variables of the three groups when normotensive subjects 
were included in the analysis. Tukey test was used for post-hoc 
assessment of intergroup variances. Pearson test revealed cor-
relations between blood pressure and kidney functions. In uni-
variate logistic regression analysis, age, sex, serum cystatin C 
and creatinine levels, presence of diabetes mellitus, and smok-
ing status were assessed. Univariate correlates of uncontrolled 
hypertension with a p<0.1 were included in the multiple logistic 
regression analysis. The receiver operating characteristic (ROC) 
curve analyses of serum cystatin C levels for the prediction of 
uncontrolled hypertension and determination of the cut-off point 
for serum cystatin C levels was performed. The odds ratios of 
serum cystatin C levels higher than the cut-off value were cal-
culated for uncontrolled hypertension by using multiple logistic 
regression analysis. All tests were two-sided, and the results 
with p<0.05 were considered significant. All analyses were per-
formed using an SPSS software package (version 20 for Win-
dows, SPSS Inc., Chicago, IL, USA).

Results

Of 1037 individuals screened, 134 (12.9%) patients were ex-
cluded for known CKD. Moreover, 444 (49.2%) of the study popu-
lation (n=903) had a history of hypertension compared with 459 
(50.8%) who had no history of hypertension. The rate of controlled 
hypertension was 42.8% (190/444). Final analyses were per-
formed after exclusion of subjects with low GFRs or albuminuria 
>30 mg/24 h (n=42). Finally, 832 patients were included in the final 
sample population after excluding 29 additional subjects with-
out a history of hypertension but with high initial blood pressure 
measurements. Figure 1 shows the detailed flow diagram of the 
subjects. Comparisons of demographic, clinical, and laboratory 
parameters are presented in Table 1. Subjects with hypertension 
were older, more likely to have abdominal obesity, and had higher 
BMI values compared with those without hypertension. Serum 
cystatin C levels in patients with uncontrolled hypertension were 
higher those in patients with controlled hypertension (0.98±0.23 
mg/L vs. 0.89±0.19 mg/L, p=0.001). However, serum creatinine 
levels were similar between these groups (0.72±0.20 mg/dL vs. 
0.70±0.18 mg/dL, p=0.89). Similarly, the mean GFR estimated by 
cystatin C in patients with uncontrolled hypertension was lower 
than that in patients with controlled hypertension (76.7±17 mL/
min/1.73 m2 vs. 81.3±17.1 mL/min/1.73 m2, p=0.04). The mean 
GFRs were indifferent between the uncontrolled and controlled 
hypertension groups when calculated using serum creatinine 
levels (93.8±17.2 mL/min/1.73 m2 vs. 96.8±18.8 mL/min/1.73 m2, 
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p=0.36). Comparisons of demographic characteristics regarding 
antihypertensive drug use between controlled and uncontrolled 
hypertension groups are shown in Table 2. The duration of hyper-
tension in patients with uncontrolled hypertension was higher 
than that in patients with controlled hypertension (17.2±5.4 years 
vs. 12.6±4.9, p=0.01). The remaining parameters were compa-
rable between the two groups.

The correlation analyses of systolic blood pressure and kid-
ney function parameters are shown in Table 3. The kidney func-
tion parameters based on serum cystatin C measurements were 
better correlated with systolic and diastolic blood pressure. The 
influence of serum cystatin C levels in uncontrolled hyperten-
sion was examined by comparing the hazard ratios of various 
factors described previously. Univariate analysis identified age, 

serum cystatin C levels, and active smoking as significant fac-
tors for the presence of uncontrolled hypertension. The multi-
variate regression model showed that age and serum cystatin C 
levels increased the probability of uncontrolled hypertension in-
dependent from confounding factors [odds ratio (OR), 1.05; 95% 
confidence interval (CI), 1.03–1.08, p<0.001 for age; OR, 1.48; 95% 
CI, 1.09–5.64, p=0.03 for serum cystatin C levels] (Table 4). The 
ROC curve analysis of serum cystatin C levels determined the 
best cut-off value for cystatin C as 0.98 mg/L for patients with 
uncontrolled hypertension, with a sensitivity of 80% and a speci-
ficity of 71% (area under the curve, 0.821; 95% CI, 0.781–0.860, 
p<0.001) (Fig. 2). The multiple logistic regression model showed 
that the OR of uncontrolled hypertension comparing serum cys-
tatin C level ≥0.98 mg/L to <0.98 mg/L was 3.43 (95% CI, 2.41–4.88, 

Table 1. Comparison of demographic characteristics, mean systolic and diastolic blood pressure levels, and laboratory 
parameters of the groups. P1, P2, and P3 values represent the significance level of the intergroup distinctions in post-hoc 
analyses. P1 indicates the difference between the uncontrolled and controlled hypertension groups. P2 indicates the 
difference between the uncontrolled hypertension and no hypertension groups. P3 indicates the difference between the 
controlled hypertension and no hypertension groups. The p value represents the significance level in one-way ANOVA test

Characteristics Uncontrolled Controlled No hypertension P1 P2 P3 P
  hypertension hypertension (n=428)
  (n=230) (n=174)

Age, years 57.3±10.6 49.9±12.3 41.9±11.7 <0.001 <0.001 <0.001 <0.001
Male sex, n (%) 68 (30) 48 (28) 141 (33) 0.65 0.42 0.22 0.38
Body mass index, kg/m2 30.9±5.9 30.1±5.4 27.8±4.8 0.19 <0.001 <0.001 <0.001
Active smoking, n (%) 63 (27) 29 (17) 126 (29) 0.017 0.54 <0.001 0.002
Diabetes mellitus, n (%) 35 (15) 38 (22) 85 (20) 0.11 0.12 0.76 0.24
Abdominal obesity, n (%) 136 (59) 99 (57) 133 (31) 0.70 <0.001 <0.001 <0.001
Systolic BP, mm Hg 164.2±20.8 126.4±13.0 114.6±12.6 <0.001 <0.001 <0.001 <0.001
Diastolic BP, mm Hg 98.7±11.9 79.0±8.9 75.2±8.0 <0.001 <0.001 <0.001 <0.001
Creatinine, mg/dL 0.72±0.20 0.70±0.18 0.68±0.16 0.89 0.15 0.45 0.14
Cystatin C, mg/L 0.98±0.23 0.89±0.19 0.85±0.25 0.001 <0.001 0.08 <0.001
GFR by creatinine, mL/min/1.73 m2 93.8±17.2 96.8±18.8 104.7±17.2 0.36 <0.001 <0.001 <0.001
GFR by cystatin C, mL/min/1.73 m2 76.7±17 81.3±17.1 90.1±17.3 0.04 <0.001 <0.001 <0.001
GFR by creatinine and cystatin C, mL/min/1.73 m2 84.9±17.1 89.3±18.1 97.6±17.7 0.06 <0.001 <0.001 <0.001

BP - blood pressure; GFR - glomerular filtration rate

Table 2. Comparison of demographic characteristics between patients with uncontrolled and controlled hypertension

Characteristics Uncontrolled hypertension Controlled hypertension P value
  (n=230) (n=174)

Number of antihypertensive drugs, median (IQR)† 1 (1) 1 (1) 0.81
Duration of hypertension, years±SD* 17.2±5.4 12.6±4.9 0.01
Use of ACEi/ARB, n (%) 99 (43) 73 (42) 0.88
Ca channel blockers, n (%) 85 (37) 60 (34.5) 0.23
Beta blockers, n (%) 68 (29.6) 48 (27.6) 0.56
Alpha blockers, n (%) 15 (6.5) 15 (8.6) 0.44

† and * indicate utilization of Mann–Whitney U and unpaired t tests for comparison, respectively. ACEi - angiotensin-converting enzyme inhibitor; ARB - angiotensin receptor blocker; 
IQR - interquartile range
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p<0.001) if the reference is no hypertension, and 1.70 (95% CI, 
1.11–2.59, p=0.001) if the reference is controlled hypertension.

Discussion

We aimed to examine the predictive value of serum cystatin 
C for uncontrolled hypertension. The prevalence of hypertension 
was 49.2%, and the control rate of hypertension was 42.8%. The 
present observational study showed an increased risk of uncon-
trolled hypertension among individuals with increased serum 
cystatin C concentrations (OR, 1.48; 95% CI, 1.09–5.64, p=0.03).

In this study, the main distinctive features of patients with 
uncontrolled hypertension were increased age, active smoking, 
and mild renal dysfunction. Besides, patients with hypertension 
were more likely to be obese than those without hypertension. 
These findings were consistent with those of a previous large 
survey (15).

Inadequate salt excretion by the kidneys had been sug-
gested to be one major contributor to hypertension, even with 

normal GFR (7, 16). The rate of kidney disease tends to increase 
over time because of longer life expectancy (17). CKD is associ-
ated with poor blood pressure control, and uncontrolled hyper-
tension accelerates the deterioration of renal function (18-20). 
Therefore, blood pressure control has been established as a ba-
sic management strategy for secondary prevention of CKD (16).

Cystatin C is a more sensitive biomarker than serum cre-
atinine or estimated GFR to detect mild renal dysfunction (21). 
The combined use of creatinine and cystatin C has been recom-
mended to confirm the diagnosis of CKD (9). Cystatin C has also 
added to the value of estimated GFR in determining mortality risk 
(22). This trial demonstrated that serum cystatin C levels in pa-
tients with uncontrolled hypertension were higher than those in 

Table 3. Correlation analyses of systolic blood pressure 
and kidney function parameters

Parameters Pearson P value
  correlation
  coefficient

SBP vs. SCre 0.07 0.04
SBP vs. SCys C 0.29 <0.01
SBP vs. GFR estimated by SCre -0.26 <0.01
SBP vs. GFR estimated by SCys C -0.40 <0.01
SBP vs. GFR estimated by SCre and SCys C -0.36 <0.01
DBP vs. SCre 0.05 0.11
DBP vs. SCys C 0.24 <0.01
DBP vs. GFR estimated by SCre -0.20 <0.01
DBP vs. GFR estimated by SCys C -0.33 <0.01
DBP vs. GFR estimated by SCre and SCys C -0.32 <0.01

DBP - diastolic blood pressure; GFR - glomerular filtration rate; SBP - systolic blood 
pressure; SCre - serum creatinine; SCys C - serum cystatin C

Table 4. Risk predictors of uncontrolled hypertension

Variable Unadjusted 95% confidence P value Adjusted 95% confidence P value
  odds ratio interval  odds ratio interval

Age 1.06 (1.03-1.08) <0.001 1.05 (1.03-1.08) <0.001
Male sex 1.12 (0.72-1.76) 0.61 1.28 (0.77-2.13) 0.33
Cystatin C 5.90 (1.87-18.6) 0.002 1.48 (1.09-5.64) 0.03
Creatinine 1.27 (0.42-3.85) 0.67
Diabetes mellitus 1.57 (0.91-2.70) 0.11
Active smoking 1.85 (1.13-3.03) 0.02 1.51 (0.89-2.56) 0.13
Duration of hypertension 1.17 (0.86-1.97) 0.56

Figure 2. Receiver operating characteristic (ROC) curve analysis of 
serum cystatin C levels for the prediction of uncontrolled hypertension 
among patients with normal serum creatinine levels. ©=Cut-off value 
for serum cystatin C: 0.98 mg/L. Sensitivity, 80%; specificity, 71%. Area 
under the curve: 0.821, 95% CI: 0.781–0.860, p<0.001
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patients with controlled and without hypertension, although all 
groups had normal serum creatinine concentrations. Relatively 
few previous studies reported an association between serum 
cystatin C and hypertension (19, 23-25). Systolic blood pressure 
and pulse pressure were significantly associated with serum 
cystatin C concentrations in a previous study, even among pa-
tients with normal creatinine clearance (24). Shankar and Tep-
pala (25) demonstrated the association of serum cystatin C and 
hypertension among women without clinically recognized renal 
disease. Otsuka et al. (26) reported that elevated serum cystatin 
C level could predict incident hypertension among non-hyper-
tensive adults. This study demonstrated the predictive value of 
serum cystatin C for uncontrolled hypertension among patients 
with normal serum creatinine concentrations (26).

Decreased GFR values reflect the limited ability of the kid-
neys to excrete sodium, thereby increasing blood pressure. The 
correlation between blood pressure and GFR values showed a 
stronger association when the GFR was estimated by cystatin C 
in this trial (Table 3). We also suggested that the cut-off value for 
uncontrolled hypertension may be serum cystatin C level >0.98 
mg/L. The sensitivity and specificity rates of this cut-off value 
were high enough to be utilized in clinical practice. Hypertensive 
patients with serum cystatin C levels >0.98 mg/L have 1.7-fold 
increased risk for uncontrolled hypertension than those with 
lower cystatin C levels.

The association between cystatin C and uncontrolled hyper-
tension may be suggested as a manifestation of microvascular 
insult of the kidneys. Such subtle end-organ damage might be 
undiagnosed by using serum creatinine-based measures. Our 
results were also consistent with a previous analysis regarding 
serum cystatin C as a more sensitive marker than serum creati-
nine for mild kidney dysfunction (27).

The cost-effectiveness of screening for CKD in the general 
population is unknown. Screening should, therefore, focus on 
patients at high risk, such as those with uncontrolled hyperten-
sion. The results of this study indicate the necessity for increas-
ing awareness of subclinical kidney dysfunction among hyper-
tensive patients (28). Closer follow-up visits and more aggressive 
treatment strategy are recommended to hypertensive patients 
with serum cystatin C level >0.98 mg/L.

Study limitations
With regard to the sectional nature of the study, renal func-

tion was assessed with a single laboratory investigation. Follow-
ing the course of renal function with cystatin C while monitoring 
the state of blood pressure control might have helped establish 
a more precise cause–effect relationship. Although the group of 
antihypertensive agents already used by the participants was 
specified, content of the combination treatments was not dis-
tinctively assessed with respect to their renoprotective features. 
Finally, the titration level of the drug(s) was not expressed as an 
independent variable.

Conclusion

The major novelty of this study is that subtle kidney dysfunc-
tion may be detected using serum cystatin C concentrations 
among patients with poor blood pressure control and normal 
serum creatinine levels. Decreased kidney function based on 
serum cystatin C in the presence of uncontrolled hypertension 
suggests a rationale for intensifying the antihypertensive regi-
men with agents exhibiting a preventive effect on this entity.
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