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ABSTRACT  

Objective: To investigate the relationship between serum cystatin C (s-CC) and reverse-dipper blood pressure 

(BP) pattern. 

Design: Cross-sectional study. 

Setting: Single center. 

Participants: A total of 718 hypertensive patients were eventually included from general practices between 

2012 and 2014 in the Second Affiliated Hospital, Xi’an Jiaotong University. Patients were excluded if they 

were<18 or >90 years old, under antihypertensive treatment, night workers, suffering acute stroke or myocardial 

infarction within the past 6 months, diagnosed as secondary hypertension or intolerant to the ABPM. 

Measurement: The sample subjects were evaluated with 24 hours ambulatory BP monitoring (ABPM). 

Peripheral venous blood samples were collected to evaluate the s-CC levels by enzyme linked immune sorbent 

assay.  

Methods: The distribution of hypertensive patients with different levels of s-CC among each circadian BP 

pattern group was analyzed using variance analysis. Multinomial logistic regression analysis was applied to 

explore the relationship between the relevant variables and ABPM results. 

Results: S-CC level in reverse-dipper group (1.19±0.53) was increased significantly when compared with dipper 

group (1.06±0.36)(P=0.021).In addition, after multinomial logistic regression analysis, s-CC (OR 1.717; 95% CI 

1.033-2.854; P=0.037) and diabetes (OR 2.313; 95% CI 1.401-3.821; P=0.01) were significantly different 

between reverse-dipper group and dipper group. On the other hand, the decline rate of nocturnal SBP (r=-0.117; 

p=0.002) and DBP (r=-0.089; p=0.018) was negatively correlated with s-CC level. 

Conclusions：：：：S-CC was associated with reverse-dipper pattern of BP examined with 24h ABPM. Moreover, the lower 

nocturnal decline rate of BP might increase the risk of early renal injury in hypertensive patients. 
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Strengths and limitations of this study 

●  The present study was the first to demonstrate that significantly elevated level of serum cystatin C (s-CC)in 

patients with reverse-dipper pattern of BP. 

●  Our study was a cross-sectional study, long-term follow-up data were not provided. 

●  The subjects in our study were recruited from a single center in northern China. 

 

Introduction 

Renal function is conveniently evaluated using serum creatinine concentration in various clinical situations. 

However, serum creatinine is usually increased only when the glomerular filtration rate (GFR) is reduced by 

approximately 50%.
1
Serum cystatin C（s-CC）is considered to be a more precise marker for compromised 

glomerular filtration rate compared with serum creatinine, particularly for individuals with early kidney injury.
2, 3
 

Several studies have reported that s-CC also serves as an independent risk factor for target-organ damages and 

cardiovascular events in patients with essential hypertension.
4-7
 Therefore, it is believed that the monitoring of 

s-CC levels is important for clinical management of essential hypertensive patients. 

 

Hypertension is a major risk factor for the progression of cardiovascular and renal diseases,
8
 and blood pressure 

(BP) variations may provide additional clinical value.9-11 Circadian BP patterns could be divided into dipper (10% 

to 20% systolic blood pressure [SBP] fall), extreme-dipper (>20% SBP fall), non-dipper (<10% SBP fall) and 

reverse-dipper (nocturnal SBP rise) in the light of the nocturnal fall of BP.12, 13 Previous studies reported that the 

incidence of target-organ damage in non-dipper group was increased significantly when compared with dipper 

group.
14
 In addition, accumulating evidences have demonstrated that reverse-dipper BP pattern, a variant of 

“non-dipper”, was strongly associated with cardiovascular injuries in chronic kidney disease.9, 11, 15 Furthermore, 
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according to our study, BP reverse dipping was the real risk factor for carotid atherosclerosis and lacuna 

infarction, since the patients with non-dipper BP pattern failed to present the same risk.16 

 

The relationships between s-CC and circadian variations of BP have been investigated before. A large 

cross-sectional study in California explored the relationship between kidney function measured with s-CC and 

each BP component using office blood pressures measurements, and indicated that s-CC might associate with 

chronic kidney disease and hypertension.17 It was also reported earlier that the level of s-CC is higher in patients 

with “non-dipper” hypertension patients compared with dippers.
15
 However, the association of s-CC with 

reverse-dipper BP pattern remains unknown. Therefore, we conducted this study to investigate the relationship 

between s-CC and reverse-dipper BP pattern. In addition, we tried to evaluate the potential association of s-CC 

levels with the decline rate of nocturnal BP in hypertensive patients. 

 

Methods 

Design and Participants 

This was a single center, cross-sectional study based on hypertensive individuals. During January 2012 to June 

2014, a total of 718 participants were recruited. Data was extracted from the entire in-patient ABPM service 

database in our hospital. Patients were excluded if they were<18 or >90 years old, under antihypertensive 

treatment, night workers, suffering acute stroke or myocardial infarction within the past 6 months, diagnosed as 

secondary hypertension or intolerant to the ABPM. The study protocol was approved by the Ethics Committee of 

the Second Affiliated Hospital, Xi’an Jiaotong University. All the patients were referred due to standard 

indications that have been shown to use ABPM for appropriate clinical circumstance. 
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We considered subjects to have clinical hypertension if their systolic BP(SBP)>140mm Hg and/or diastolic BP 

(DBP)>90 mm Hg in casual office recording, or if their daytime (or awake) SBP≥135 mmHg and/or DBP≥85 

mm Hg, or night-time (or asleep) SBP ≥120 mm Hg and/or DBP≥70mm Hg in ABPM.18 Decline rate of 

nocturnal SBP was calculated as (daytime SBP–nighttime SBP)*100/daytime BP. Accepted normal value for 

SBP as 10%-20% reduction in mean BP values at night compared with the daytime values.
19
 BP patterns of 

patients in our study were divided into dipper (10%–20% SBP fall), non-dipper (0%–10% SBP fall), and reverse 

dipper (<0% SBP fall), according to the range of the nocturnal SBP dip.13 

 

Measurement 

All the hypertensive patients were subject to24-hour ABPM using an oscillometric device (Spacelabs 90207; 

Spacelabs, Redmond, WA). The arm cuff was fixed to the non-dominant upper limb between 7:00 and 9:00AM 

and removed 24 hours later. BP was recorded every 15 minutes from 7:00AM to 11:00PM (daytime BP values) and 

every 30 minutes from 11:00PM to 7:00AM (nocturnal BP values).For each24-hour ABPM, daytime BP and 

nighttime BP means were calculated. Strenuous physical activity was discouraged in all patients, whose daily 

activities were comparable, during the monitoring period. All the ABPM recordings were manually edited by 2 

individual physicians, who were not aware of the results and risk factors. Recordings were excluded from the 

analysis if: more than 30% of the raw data were missing;18 values of SBP <70 or >250 mm Hg, DBP <40 

or >150 mm Hg, and heart rate<40 or >150 beats per-minute. 

 

Serum samples were obtained in the morning after a fasting period of 12h. S-CC was measured using an enzyme 

linked immunoassay kit (Biovendor Research and Diagnostic Products) at the central laboratory of Second 

Affiliated Hospital, Xi’an Jiaotong University. 
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Statistical analysis 

Descriptive statistics are presented as percentages for discrete variables and mean±SD for continuous normally 

distributed variables. To compare ordinal and continuous normally distributed variables between subgroups of 

circadian BP and s-CC, chi-squared and analysis of variance (ANOVA) were employed, respectively. 

Our univariate models included age, gender, smoking, diabetes, Triglycerides, HDL-C, LDL-C, VLD-C, 24h-SB

P, 24h-DBP, SBP-awakening, SBP-bedtime, DBP-awakening, DBP-bedtime and RDW. Variables were included 

in the multivariate analyses, which were found significantly in univariate models. The relationship between two 

continuous variables was assessed by bivariate correlation analysis (Pearson’s correlation). Multinomial logistic 

regression was also employed to analyze the relationship between circadian BP (dipper, non-dipper and reverse 

dipper) and clinical variable. A calculated difference of P<0.05 was considered to be statistically significant. All 

the data was analyzed using SPSS 18.0 (SPSS Inc). 

 

RESULTS 

Baseline characteristics 

The clinical characteristics of study population in different groups according to dipping status were shown in 

Table 1, Among 718 participants, the average age was 59.6±13.8years and 54% were male. The mean s-CC level 

was 1.1±0.5 mg/L. Mean 24-h SBP of 24 hours was 135.6±14.2 mm Hg and mean DBP 79.6±10.5 mm Hg. In 

our study, reverse-dipper BP pattern was observed in 171 patients (23.8%) and dipper pattern in 177 patients 

(24.7%).A total of 370 hypertensive patients (51.5%) had non-dipper pattern. Compared with dipper BP pattern, 

subjects of reverse dipper were older, had a higher prevalence of diabetes, with a higher fasting glucose, 

triglycerides, and significantly increased the level of s-CC (Table 1). S-CC level in reverse-dipper group 
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(1.19±0.53) was increased significantly when compared with dipper group (1.06±0.36)(P=0.021). However, 

there were no significant differences in other characteristics among the three groups. 

 

Table 1.Characteristics of the study population by dipping status 

Variable Dipper Nondipper Reverse Dipper P Value 

Patients, n 177 370 171  

Age, y 56.08±14.50 58.79±13.54 64.91±11.97
＃* ＜0.001 

Male/female, n 100/77 200/170 90/81 0.761 

Current smokers, n, % 42（23.73） 118（31.89） 55（32.16） 0.115 

Diabetes mellitus, n, % 36（20.34） 95（25.68） 58（33.92）＃ 0.015 

Fasting blood glucose, mmol/L 5.12±1.90 5.21±1.43 5.85±3.02
＃* 0.006 

Triglycerides, mmol/L 2.23±1.90 1.82±1.25
＃ 1.63±1.20

＃ ＜0.001 

Total cholesterol, mmol/L 4.74±1.03 4.58±0.93 4.63±1.09 0.212 

HDL-C, mmol/L 1.22±0.30 1.25±0.35 1.27±0.34 0.383 

LDL-C, mmol/L 2.86±0.15 2.66±0.81
＃ 2.72±0.88 0.050 

VLD-C, mmol/L 0.70±0.57 0.67±0.53 0.65±0.58 0.728 

24 h-SBP, ABPM, mm Hg 134.16±13.28 135.44±13.79 137.23±15.72
＃ 0.127 

SBP awakening, mm Hg 138.09±13.79 136.98±13.94 135.87±15.23 0.347 

SBP bedtime, mm Hg 118.31±14.49 129.78±13.75
＃ 

142.52±16.84
＃* ＜0.001 

24 h-DBP, ABPM, mm Hg 79.44±11.79 80.00±10.08 79.11±10.04 0.628 

DBP-awakening, mm Hg 82.53±10.82 81.02±10.10 78.86±9.98
＃* 0.004 

DBP-bedtime, mm Hg 69.49±10.03 75.20±10.05
＃ 79.94±10.93

＃* ＜0.001 

Cystatin C, mg/L 1.06±0.36 1.12±0.59 1.19±0.53
＃
 0.062 

Explanatory footnote: ABPM, ambulatory blood pressure monitoring; DBP, diastolic blood pressure;  

SBP: systolic blood pressure; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density  

lipoprotein cholesterol; VLD-C: very low density lipoprotein cholesterol. 

＃
Indicated control with dipper group P<0.05. 

*Indicated control with non-dipper group P<0.05. 

 

Association of s-CC with reverse dipper pattern 

In order to evaluate the association of different circadian BP patterns with s-CC level, multinomial regression 

analyses were performed. The variables included diabetes, triglycerides, low-density lipoprotein 
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cholesterol(LDL-C),s-CC found significantly and accepted collinearity in univariate models was included in the 

multinomial analyses. It was discovered that diabetes (OR 2.313,95%CI 1.401~3.821; P=0.01), triglycerides 

(OR 0.704, 95%CI 0.578~0.858;P<0.001), and s-CC(OR 1.717,95%CI 1.033~2.854;P=0.037) were significantly 

different between reverse dipper and dipper (Table 2).Moreover, triglycerides（OR 0.837；95% CI 0.74~0.948；

P= 0.005）and LDL-C（OR 0.75；95%CI 0.61~0.92；P= 0.006）were significantly increased in non-dipper 

compared with dipper BP pattern. However, s-CC、triglycerides and LDL-C was not significantly different 

between non-dipper and dipper (Table 2). 

Table 2. Multinomial logistic regression analysis between Reverse Dipper, Non-dipper, and Dipper 

 

 Reverse Dipper vs Dipper Nondippervs Dipper Reverse Dipper vsNondipper 

Variable OR(95% CI) P OR(95% CI) P OR(95% CI) P 

Diabetes 

mellitus 

2.313(1.401~3.821)   0.01 1.513(0.969~2.361) 0.068 0.654(0.437~0.977) 0.038 

Triglycerides 0.704(0.578~0.858) ＜0.001 0.837(0.74~0.95) 0.005 1.189(0.986~1.434) 0.07 

LDL-C 0.802(0.63~1.022) 0.074 0.748(0.609~0.919) 0.006 0.932(0.755~1.152) 0.516 

Cystatin C 1.717(1.033~2.854) 0.037 1.493(0.928~2.404) 0.0099 0.87(0.632~1.197) 0.391 

CI=confidence interval, OR=odds ratio, LDL-C, low-density lipoprotein cholesterol 

 

Correlation between s-CC Level and Decline Rate of Nocturnal BP 

Nocturnal BP is strongly associated with hypertensive target organ damage. We assessed the effect of the 

nocturnal decline of BP on prognosis by using the decline rate of nocturnal BP as a continuous variable, which 

also shows the BP dipping status.
20
 The decline rate of nocturnal BP the extent of the decline in nocturnal BP 

was related to the cardiovascular mortality.21 In order to further investigate the relationship between different BP 

patterns and s-CC, bivariate correlation analysis was performed. Consistently, we found that s-CC was 

negatively correlated with the rate of decline nocturnal SBP (r=-0.117; p=0.002) and DBP (r=-0.089; p=0.018) 

(Figure 1). 
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Discussion 

The common circadian variation of BP is the physiologic decline in nocturnal BP, more than 10% decrease 

compared with daytime BP, which is known as dipper pattern of BP. Nocturnal BP is the minimal BP required 

for adequate organ perfusion in healthy individuals.
22
 However, the loss of the physiologic decline in nocturnal 

BP is closely related to target organ damage, and the renal damage is one of the most serious complications of 

hypertension. It has been reported that nighttime BP bear a more significant predictive role for the risk of 

developing clinical events in hypertensive patients.
23-26
 Interestingly, reverse-dipper BP, with nocturnal BP 

higher than daytime BP, was found to be closely related to the progression and prognosis of renal and 

cardiovascular damage, increasing the risk of organ damages in heart, brain and kidney.
27, 28

The Ohasama study 

reported that the failure of nocturnal BP decline was significantly associated with a higher risk for cardiovascular 

mortality.21 Consistently, our previous study also found that BP reverse dipping was the real risk factor for 

carotid atherosclerosis and lacuna infarction. 

 

Cystatin C, a molecular weight of 13KD, is a cysteine protease inhibitor produced by nearly all human cells and 

filtered by the glomerulus.
29, 30

 Compared to serum creatinine concentration, s-CC is less affected by age, sex, or 

muscle mass. Therefore, s-CC is considered to be a more sensitive marker of GFR, particularly for individuals 

with early kidney injury.
2, 3
Additionally, there were a lot of studies showed that s-CC was involved in the 

pathological and physiological process of cardiovascular disease. Prats et al.31 provided evidence that s-CC is 

independently related to left ventricular mass and could be a marker for hypertensive cardiac hypertrophy. 

Muntner et al.
32 demonstrated an association between s-CC and cardiovascular disease prevalence in patients 

without chronic kidney disease. Watanabe S et al. 4 has found the relationship between s-CC level and end-organ 
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damages in the kidney, heart, and vessels of patients with essential hypertension, and s-CC was closely 

associated with essential hypertension. C. Mena et al. 33reported that a association exists between s-CC and both 

SBP and pulse pressure, using hospital blood pressure measurement with a classic mercury sphygmomanometer, 

in cohort of patients throughout a wide range of kidney function levels. These findings may greatly enhance our 

discovery that s-CC is strongly associated with circadian BP variations. 

 

Early kidney injury is prevalent in hypertensive patients, while those with poorly controlled blood pressure are 

more prone to deteriorated glomerular filtration rate. Moreover, there is an emerging evidence indicating that the 

possible associations may exist between s-CC and circadian BP rhythm, though the detailed mechanism remains 

to be further investigated. For example, Serkanet al. 
15
 found that serum levels of cystatin C was higher in the 

patients with non-dipper hypertension when compared to those in the dipper pattern. Surprisingly, different from 

other studies on the important prognostic value of non-dipper, our results revealed that s-CC (OR 1.717,CI 

1.033~2.854,P=0.037)were significantly different between reverse-dipper and dipper. By using cystatin C, we 

found a significant linear relationship between kidney function and the rate of decline of nocturnal BP in patients 

with essential hypertension. However, several studies have reported that s-CC was involved in the pathological 

and physiological process of cardiovascular disease, the pathophysiological mechanism is incompletely 

understood. Therefore, we cannot get the cause-effect relationship between cystatin C and BP pattern. 

 

For the first time, we evaluated s-CC level in patients with reverse-dipper pattern of BP and found that s-CC 

level was increased significantly in reverse-dipper group when compared with dipper group. Moreover, the 

lower nocturnal decline rate of BP might increase the risk of s-CC and early renal injury in hypertensive patients 

probably. However, due to the limitation of the cross-sectional nature, long-term follow-up data were not 
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provided, and a longer period of prospective observation may provide more prognostic information. Secondly, 

we cannot confirm any direct relationship between reverse dipper and s-CC, or they may contribute to each other. 

Therefore, more prospective clinical observation is needed to investigate the role and the mechanism of this 

association between s-CC and reverse patterns of BP variability.  

 

Conclusion 

In conclusion, our results confirmed that s-CC was associated with reverse-dipper pattern of BP examined with 

24h ABPM and that s-CC level was increased significantly in reverse-dipper group when compared with dipper 

group.  

 

 

Contributors JH, DS, KL and GW contributed to the design of the work. JH and DS collected the data. JH, YG, 

BY and YD wrote the manuscript. QG, YG, BY, LP and YD were involved in the analysis and interpretation of 

data. GW, BY, KL and YD reviewed the manuscript. 

Funding This work was supported by the National Natural Science Foundation of China (81300116), the 

Research Fund for the Young Scholars of the Higher Education Doctoral Program of China (20120201120083), 

the Fundamental Research Funds for the Central Universities of China (XJJ2013062), and the Scientific Fund for 

the Young talent of Shaanxi Province (2015KJXX-06). 

Competing interests None declared. 

Patient consent Obtained. 

Ethics approval The study was approved by the ethics committee of the Second Affiliated Hospital, Xi’an 

Jiaotong University. 

Provenance and peer review Not commissioned; externally peer reviewed. 

Page 11 of 18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-011166 on 2 S

eptem
ber 2016. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review
 only

Data sharing statement No additional data are available. 

 

  

Page 12 of 18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-011166 on 2 S

eptem
ber 2016. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review
 only

Reference 

1. Rule AD, Larson TS, Bergstralh EJ, Slezak JM, Jacobsen SJ, Cosio FG. Using serum creatinine to estimate 

glomerular filtration rate: Accuracy in good health and in chronic kidney disease. Ann Intern Med. 

2004;141:929-937 

2. Tangri N, Stevens La Fau - Schmid CH, Schmid Ch Fau - Zhang YL, Zhang Yl Fau - Beck GJ, Beck Gj Fau - 

Greene T, Greene T Fau - Coresh J, Coresh J Fau - Levey AS, Levey AS. Changes in dietary protein intake 

has no effect on serum cystatin c levels independent of the glomerular filtration rate. Kidney Int. 

2011;79:471-477 

3. Stevens LA, Schmid Ch Fau - Greene T, Greene T Fau - Li L, Li L Fau - Beck GJ, Beck Gj Fau - Joffe MM, 

Joffe Mm Fau - Froissart M, Froissart M Fau - Kusek JW, Kusek Jw Fau - Zhang YL, Zhang Yl Fau - Coresh 

J, Coresh J Fau - Levey AS, Levey AS. Factors other than glomerular filtration rate affect serum cystatin c 

levels. Kidney Int. 2009;75:652-660 

4. S W, T O, J L, K M, T F, K H, J H. - serum cystatin c level is a marker of end-organ damage in patients with 

essential hypertension. Hypertens Res. 2003;26:895-899 

5. Shlipak MG, Sarnak Mj Fau - Katz R, Katz R Fau - Fried LF, Fried Lf Fau - Seliger SL, Seliger Sl Fau - 

Newman AB, Newman Ab Fau - Siscovick DS, Siscovick Ds Fau - Stehman-Breen C, Stehman-Breen C. 

Cystatin c and the risk of death and cardiovascular events among elderly persons. New Engl J Med. 

2005;352:2049-2060 

6. Peralta CA, Shlipak Mg Fau - Judd S, Judd S Fau - Cushman M, Cushman M Fau - McClellan W, McClellan 

W Fau - Zakai NA, Zakai Na Fau - Safford MM, Safford Mm Fau - Zhang X, Zhang X Fau - Muntner P, 

Muntner P Fau - Warnock D, Warnock D. Detection of chronic kidney disease with creatinine, cystatin c, 

and urine albumin-to-creatinine ratio and association with progression to end-stage renal disease and 

mortality. Jama. 2011;305:1545-1552 

7. Dupont M, Wu Y Fau - Hazen SL, Hazen Sl Fau - Tang WHW, Tang WH. Cystatin c identifies patients with 

stable chronic heart failure at increased risk for adverse cardiovascular events. Circ-Heart Fail. 

2012;5:602-609 

8. Sarnak MJ, Greene T Fau - Wang X, Wang X Fau - Beck G, Beck G Fau - Kusek JW, Kusek Jw Fau - Collins 

AJ, Collins Aj Fau - Levey AS, Levey AS. The effect of a lower target blood pressure on the progression 

of kidney disease: Long-term follow-up of the modification of diet in renal disease study. Ann Intern 

Med. 2005;142:342-351 

9. Ibernon M, Moreso F Fau - Sarrias X, Sarrias X Fau - Sarrias M, Sarrias M Fau - Grinyo JM, Grinyo Jm Fau 

- Fernandez-Real JM, Fernandez-Real Jm Fau - Ricart W, Ricart W Fau - Seron D, Seron D. Reverse 

dipper pattern of blood pressure at 3 months is associated with inflammation and outcome after renal 

transplantation. Nephrol Dial Transpl. 2012;27:2089-2095 

10. Cuspidi C, Meani S Fau - Lonati L, Lonati L Fau - Fusi V, Fusi V Fau - Valerio C, Valerio C Fau - Sala C, Sala 

C Fau - Magnaghi G, Magnaghi G Fau - Maisaidi M, Maisaidi M Fau - Zanchetti A, Zanchetti A. 

Short-term reproducibility of a non-dipping pattern in type 2 diabetic hypertensive patients. Journal of 

hypertension. 2006;24:647-653 

11. Wang C, Zhang J Fau - Liu X, Liu X Fau - Li C, Li C Fau - Ye Z, Ye Z Fau - Peng H, Peng H Fau - Chen Z, Chen 

Z Fau - Lou T, Lou T. Reversed dipper blood-pressure pattern is closely related to severe renal and 

cardiovascular damage in patients with chronic kidney disease. Plos One. 2013;8 

12. McAlister FA, Straus SE. Evidence based treatment of hypertension. Measurement of blood pressure: 

An evidence based review. BMJ. 2001;322:908-911 

13. O'Brien E Fau - Sheridan J, Sheridan J Fau - O'Malley K, O'Malley K. Dippers and non-dippers. Lancet 

Page 13 of 18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-011166 on 2 S

eptem
ber 2016. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review
 only

1988;332:397 

14. Routledge F, McFetridge-Durdle J. Nondipping blood pressure patterns among individuals with 

essential hypertension: A review of the literature. Eur J Cardiovasc Nurs. 2007 Mar;6(1):9-26 

15. S O, H O, R A, H Y, A G, SO C, M A, S B. - cystatin c levels in patients with dipper and nondipper 

hypertension. J Investig Med. 2012;60:676-679 

16. Yan B, Peng L Fau - Dong Q, Dong Q Fau - Zheng F, Zheng F Fau - Yang P, Yang P Fau - Sun L, Sun L Fau - 

Gong S, Gong S Fau - Zeng L, Zeng L Fau - Wang G, Wang G. Reverse-dipper pattern of blood pressure 

may predict lacunar infarction in patients with essential hypertension. Eur J Neurol. 

2015;22:1022-1025 

17. Peralta CA, Whooley Ma Fau - Ix JH, Ix Jh Fau - Shlipak MG, Shlipak MG. Kidney function and systolic 

blood pressure new insights from cystatin c: Data from the heart and soul study. American journal of 

hypertension. 2006;19:939-946 

18. Mancia G, Fagard R Fau - Narkiewicz K, Narkiewicz K Fau - Redon J, Redon J Fau - Zanchetti A, Zanchetti 

A Fau - Bohm M, Bohm M Fau - Christiaens T, Christiaens T Fau - Cifkova R, Cifkova R Fau - De Backer G, 

De Backer G Fau - Dominiczak A, Dominiczak A Fau - Galderisi M, Galderisi M Fau - Grobbee DE, 

Grobbee De Fau - Jaarsma T, Jaarsma T Fau - Kirchhof P, Kirchhof P Fau - Kjeldsen SE, Kjeldsen Se Fau - 

Laurent S, Laurent S Fau - Manolis AJ, Manolis Aj Fau - Nilsson PM, Nilsson Pm Fau - Ruilope LM, 

Ruilope Lm Fau - Schmieder RE, Schmieder Re Fau - Sirnes PA, Sirnes Pa Fau - Sleight P, Sleight P Fau - 

Viigimaa M, Viigimaa M Fau - Waeber B, Waeber B Fau - Zannad F, Zannad F. 2013 esh/esc guidelines 

for the management of arterial hypertension: The task force for the management of arterial 

hypertension of the european society of hypertension (esh) and of the european society of cardiology 

(esc). 2013;31:1281-1357 

19. Kario K, Pickering TG, Matsuo T, Hoshide S, Schwartz JE, Shimada K. Stroke prognosis and abnormal 

nocturnal blood pressure falls in older hypertensives. Hypertension. 2001;38:852-857 

20. Inanc T, Kaya Mg Fau - Yarlioglues M, Yarlioglues M Fau - Ardic I, Ardic I Fau - Ozdogru I, Ozdogru I Fau - 

Dogan A, Dogan A Fau - Kalay N, Kalay N Fau - Gunturk E, Gunturk E Fau - Gunebakmaz O, Gunebakmaz 

O Fau - Gul I, Gul I Fau - Topsakal R, Topsakal R. The mean platelet volume in patients with non-dipper 

hypertension compared to dippers and normotensives. Blood pressure. 2010;19:81-85 

21. Ohkubo T, Hozawa A Fau - Yamaguchi J, Yamaguchi J Fau - Kikuya M, Kikuya M Fau - Ohmori K, Ohmori 

K Fau - Michimata M, Michimata M Fau - Matsubara M, Matsubara M Fau - Hashimoto J, Hashimoto J 

Fau - Hoshi H, Hoshi H Fau - Araki T, Araki T Fau - Tsuji I, Tsuji I Fau - Satoh H, Satoh H Fau - Hisamichi S, 

Hisamichi S Fau - Imai Y, Imai Y. Prognostic significance of the nocturnal decline in blood pressure in 

individuals with and without high 24-h blood pressure: The ohasama study. Journal of hypertension. 

2002;20:2183-2189 

22. Gonzalez Rodriguez E, Hernandez A, Dibner C, Koehler Ballan B, Pechere-Bertschi A. [arterial blood 

pressure circadian rhythm: Significance and clinical implications]. Revue medicale suisse. 

2012;8:1709-1712, 1714-1705 

23. Fagard RH, Celis H Fau - Thijs L, Thijs L Fau - Staessen JA, Staessen Ja Fau - Clement DL, Clement Dl Fau - 

De Buyzere ML, De Buyzere Ml Fau - De Bacquer DA, De Bacquer DA. Daytime and nighttime blood 

pressure as predictors of death and cause-specific cardiovascular events in hypertension. Hypertension. 

2008;51:55-61 

24. Ben-Dov IZ, Kark Jd Fau - Ben-Ishay D, Ben-Ishay D Fau - Mekler J, Mekler J Fau - Ben-Arie L, Ben-Arie L 

Fau - Bursztyn M, Bursztyn M. Predictors of all-cause mortality in clinical ambulatory monitoring: 

Unique aspects of blood pressure during sleep. Hypertension. 2007;49:1235-1241 

Page 14 of 18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-011166 on 2 S

eptem
ber 2016. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review
 only

25. Ingelsson E, Bjorklund-Bodegard K Fau - Lind L, Lind L Fau - Arnlov J, Arnlov J Fau - Sundstrom J, 

Sundstrom J. Diurnal blood pressure pattern and risk of congestive heart failure. Jama. 

2006;295:2859-2866 

26. Boggia J, Li Y Fau - Thijs L, Thijs L Fau - Hansen TW, Hansen Tw Fau - Kikuya M, Kikuya M Fau - 

Bjorklund-Bodegard K, Bjorklund-Bodegard K Fau - Richart T, Richart T Fau - Ohkubo T, Ohkubo T Fau - 

Kuznetsova T, Kuznetsova T Fau - Torp-Pedersen C, Torp-Pedersen C Fau - Lind L, Lind L Fau - Ibsen H, 

Ibsen H Fau - Imai Y, Imai Y Fau - Wang J, Wang J Fau - Sandoya E, Sandoya E Fau - O'Brien E, O'Brien E 

Fau - Staessen JA, Staessen JA. Prognostic accuracy of day versus night ambulatory blood pressure: A 

cohort study. Lancet. 2007;370:1219-1229 

27. C W, J Z, X L, C L, Z Y, H P, Z C, T L. - reversed dipper blood-pressure pattern is closely related to severe 

renal and. Plos One. 2013;8:5 

28. Drawz PE, Rosenthal N Fau - Babineau DC, Babineau Dc Fau - Rahman M, Rahman M. Nighttime 

hospital blood pressure--a predictor of death, esrd, and decline in gfr. Renal failure. 

2010;32:1036-1043 

29. Coll E, Botey A Fau - Alvarez L, Alvarez L Fau - Poch E, Poch E Fau - Quinto L, Quinto L Fau - Saurina A, 

Saurina A Fau - Vera M, Vera M Fau - Piera C, Piera C Fau - Darnell A, Darnell A. Serum cystatin c as a 

new marker for noninvasive estimation of glomerular filtration rate and as a marker for early renal 

impairment. Am J Kidney Dis. 2000;36:29-34 

30. Fliser D, Ritz E. Serum cystatin c concentration as a marker of renal dysfunction in the elderly. Am J 

Kidney Dis. 2001 Jan;37(1):79-83. 

31. Prats M, Font R Fau - Bardaji A, Bardaji A Fau - Gutierrez C, Gutierrez C Fau - Lalana M, Lalana M Fau - 

Vilanova A, Vilanova A Fau - Martinez-Vea A, Martinez-Vea A. Cystatin c and cardiac hypertrophy in 

primary hypertension. Blood pressure. 2010;19:20-25 

32. Muntner P, Mann D Fau - Winston J, Winston J Fau - Bansilal S, Bansilal S Fau - Farkouh ME, Farkouh ME. 

Serum cystatin c and increased coronary heart disease prevalence in us adults without chronic kidney 

disease. Am J Cardiol. 2008;102:54-57 

33. C M, NR R, JM dP, FG G, A C. - cystatin c and blood pressure: Results of 24 h ambulatory blood pressure. 

Eur J Intern Med. 2010;21:185-190 

 

 

Page 15 of 18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-011166 on 2 S

eptem
ber 2016. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review
 only

  

 

 

 

209x297mm (300 x 300 DPI)  

 

 

Page 16 of 18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-011166 on 2 S

eptem
ber 2016. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review
 only

  

 

 

 

103x75mm (150 x 150 DPI)  

 

 

Page 17 of 18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-011166 on 2 S

eptem
ber 2016. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review
 only

  

 

 

 

112x81mm (150 x 150 DPI)  

 

 

Page 18 of 18

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-011166 on 2 S

eptem
ber 2016. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review
 only

 

 

 

A cross-sectional study on the relationship between the 
level of serum cystatin C and blood pressure reverse 

dipping in hypertensive patients 
 

 

Journal: BMJ Open 

Manuscript ID bmjopen-2016-011166.R1 

Article Type: Research 

Date Submitted by the Author: 27-Apr-2016 

Complete List of Authors: Han, Jin; the Second Affiliated Hospital, Xi’an Jiaotong University, 
Department of Nephrology 
Gao, Ya; the Second Affiliated Hospital, Xi’an Jiaotong University, 

Department of Emergency Medicine 
Guo, Qi; the Second Affiliated Hospital, Xi’an Jiaotong University, 
Department of Cardiology 
Su, Dan;  the Second Affiliated Hospital, Xi’an Jiaotong University, 
Department of Cardiology, 
Yan, Bin; the Second Affiliated Hospital, Xi’an Jiaotong University, 
Department of Emergency Medicine 
Peng, Liyuan; the Second Affiliated Hospital, Xi’an Jiaotong University, 
Department of Emergency Medicine 
Yuxing, Du; Xi’an Middle School of Shaanxi Province 
Ke, Li; the Second Affiliated Hospital, Xi’an Jiaotong University 
Wang, Gang; the Second Affiliated Hospital, Xi'an Jiaotong University, 

Dept. of Emergency Medicine 

<b>Primary Subject 
Heading</b>: 

Renal medicine 

Secondary Subject Heading: Cardiovascular medicine 

Keywords: blood pressure, essential hypertension, reverse dipping, serum cystatin C 

  

 

 

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open
 on A

pril 19, 2024 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2016-011166 on 2 S
eptem

ber 2016. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

A cross-sectional study on the relationship between the level of serum cystatin C and 

blood pressure reverse dipping in hypertensive patients 

Jin Han
1
, Ya Gao

2
, Qi Guo

3
, Dan Su

3
, Bin Yan

2
, LiyuanPeng

2
, Yuxing Du

4
, Ke Li

5
, Gang Wang

2 

 

1 Department of Nephrology, the Second Affiliated Hospital, Xi’an Jiaotong University, Xi’an, China; 

2Department of Emergency Medicine, the Second Affiliated Hospital, Xi’an Jiaotong University, Xi’an, China; 3 

Department of Cardiology, the Second Affiliated Hospital, Xi’an Jiaotong University, Xi’an, China; 4 Xi’an 

Middle School of Shaanxi Province, Xi’an, China；5 Scientific Research Center, the Second Affiliated Hospital, 

Xi’an Jiaotong University, Xi’an, China 

 

Key words: blood pressure, essential hypertension, reverse dipping, serum cystatin C 

Word count: 1942 

 

Correspondence to 

Gang Wang 

Department of Emergency Medicine 

The Second Affiliated Hospital, Xi’an Jiaotong University 

157 Xi5 Lu, Xi’an, Shaanxi 710004 (PR China) 

Phone number: +86 029 87679416 

E-mail: gang_wang@mail.xjtu.edu.cn 

Page 1 of 17

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 19, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-011166 on 2 S

eptem
ber 2016. D

ow
nloaded from

 

http://bmjopen.bmj.com/


For peer review
 only

 

ABSTRACT  

Objective: To investigate the relationship between serum cystatin C (s-CC) and reverse-dipper blood pressure 

(BP) pattern. 

Design: Cross-sectional study. 

Setting: Single center. 

Participants: A total of 718 hypertensive patients were eventually included from general practices between 2012 

and 2014 in the Second Affiliated Hospital, Xi’an Jiaotong University. Participants were recruited from cardiac 

clinics if they have clinical hypertension when their systolic BP (SBP)>140mm Hg and/or diastolic BP 

(DBP)>90 mm Hg in casual office recording. Patients were excluded if they were<18 or >90 years old, under 

antihypertensive treatment, night workers, suffering acute stroke or myocardial infarction within the past 6 

months, diagnosed as secondary hypertension, sleep apnoea or other sleep disorders, renal failure, cardiac failure, 

COPD or women during pregnancy or intolerant to the ABPM. 

Measurement: The sample subjects were evaluated with 24 hours ambulatory BP monitoring (ABPM). 

Peripheral venous blood samples were collected to evaluate the s-CC levels by enzyme linked immune sorbent 

assay.  Methods: The distribution of hypertensive patients with different levels of s-CC among each circadian BP 

pattern group was analyzed using analysis of variance (ANOVA). Multinomial logistic regression analysis was 

applied to explore the relationship between the relevant variables and ABPM results. 

Results: S-CC level in reverse-dipper group (1.19±0.53 mg/L) was increased significantly when compared with 

dipper group (1.06±0.36 mg/L)(P=0.021). In addition, after multinomial logistic regression analysis, s-CC (OR 

1.717; 95% CI 1.033-2.854; P=0.037) and diabetes (OR 2.313; 95% CI 1.401-3.821; P=0.01) were significantly 

different between reverse-dipper group and dipper group. On the other hand, the decline rate of nocturnal SBP 

(r=-0.117; p=0.002) and DBP (r=-0.089; p=0.018) was negatively correlated with s-CC level. 
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Conclusions：：：：S-CC was associated with reverse-dipper pattern of BP examined with 24h ABPM. Moreover, the 

lower nocturnal decline rate of BP might increase the risk of early renal injury in hypertensive patients. 

Strengths and limitations of this study 

●The present study was the first to demonstrate that significantly elevated level of serum cystatin C (s-CC) in 

patients with reverse-dipper pattern of BP. 

●Our study was a cross-sectional study, long-term follow-up data were not provided. 

●The subjects in our study were recruited from a single center in northern China. 

 

Introduction 

Renal function is conveniently evaluated using serum creatinine concentration in various clinical situations. 

However, serum creatinine is usually increased only when the glomerular filtration rate (GFR) is reduced by 

approximately 50%.1 Serum cystatin C（s-CC）is considered to be a more precise marker for compromised 

glomerular filtration rate compared with serum creatinine, particularly for individuals with early kidney injury.
2, 3
 

Several studies have reported that s-CC also serves as an independent risk factor for target-organ damages and 

cardiovascular events in patients with essential hypertension.
4-7 Therefore, it is believed that the monitoring of 

s-CC levels is important for clinical management of essential hypertensive patients. 

 

Hypertension is a major risk factor for the progression of cardiovascular and renal diseases,
8
 and blood pressure 

(BP) variations may provide additional clinical value.9-11 Circadian BP patterns could be divided into dipper 

to 20% systolic blood pressure [SBP] fall), extreme-dipper (>20% SBP fall), non-dipper (<10% SBP fall) and 

reverse-dipper (nocturnal SBP rise) in the light of the nocturnal fall of BP.
12, 13

 Previous studies reported that the 

incidence of target-organ damage in non-dipper group was increased significantly when compared with dipper 
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group.
14
 In addition, accumulating evidences have demonstrated that reverse-dipper BP pattern, a variant of 

“non-dipper”, was strongly associated with cardiovascular injuries in chronic kidney disease.9, 11, 15 Furthermore, 

according to our study, BP reverse dipping was the real risk factor for carotid atherosclerosis and lacuna 

since the patients with non-dipper BP pattern failed to present the same risk.16 

 

The relationships between s-CC and circadian variations of BP have been investigated before. A large 

cross-sectional study in California explored the relationship between kidney function measured with s-CC and 

each BP component using office blood pressures measurements, and indicated that s-CC might associate with 

chronic kidney disease and hypertension.17 It was also reported earlier that the level of s-CC is higher in patients 

with “non-dipper” hypertension patients compared with dippers.
15 However, the association of s-CC with 

reverse-dipper BP pattern remains unknown. Therefore, we conducted this study to investigate the relationship 

between s-CC and reverse-dipper BP pattern. In addition, we tried to evaluate the potential association of s-CC 

levels with the decline rate of nocturnal BP in hypertensive patients. 

 

Methods 

Design and Participants 

This was a single center, cross-sectional study based on hypertensive individuals. During January 2012 to June 

2014, a total of 718 participants were recruited. Data was extracted from the entire in-patient ABPM service 

database in our hospital. Patients were excluded if they were <18 or >90 years old, under antihypertensive 

treatment, night workers, acute stroke or myocardial infarction within the past 6 months, sleep apnea syndrome, 

secondary hypertension, could not tolerate the ABPM, pregnant female, sleep apnea syndrome, arrhythmia, 

congestive heart failure, hepatic failure, kidney failure and chronic obstructive pulmonary Disease (COPD). The 
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study protocol was approved by the Ethics Committee of the Second Affiliated Hospital, Xi’an Jiaotong 

University. All the patients were referred due to standard indications that have been shown to use ABPM for 

appropriate clinical circumstance. 

 

We considered subjects to have clinical hypertension if their systolic BP(SBP)>140mm Hg and/or diastolic BP 

(DBP)>90 mm Hg in casual office recording, or if their daytime (or awake) SBP≥135 mmHg and/or DBP≥85 

mm Hg, or night-time (or asleep) SBP ≥120 mm Hg and/or DBP≥70mm Hg in ABPM.18 Decline rate of 

nocturnal SBP was calculated as (daytime SBP–nighttime SBP)*100/daytime BP. Accepted normal value for 

SBP as 10%-20% reduction in mean BP values at night compared with the daytime values.19 BP patterns of 

patients in our study were divided into dipper (>= 10% and < 20% SBP fall), non-dipper (>= 0% and < 10% SBP 

fall), and reverse dipper (nocturnal SBP rise), according to the range of the nocturnal SBP dip.
13
 

 

Measurement 

All the hypertensive patients were subject to24-hour ABPM using an oscillometric device (Spacelabs 90207; 

Spacelabs, Redmond, WA). The arm cuff was fixed to the non-dominant upper limb between 7:00 and 9:00AM 

removed 24 hours later. BP was recorded every 15 minutes from 7:00AM to 11:00PM (daytime BP values) and 

30 minutes from 11:00PM to 7:00AM (nocturnal BP values). For each24-hour ABPM, daytime BP and nighttime 

means were calculated. Strenuous physical activity was discouraged in all patients, whose daily activities were 

comparable, during the monitoring period. All the ABPM recordings were manually edited by 2 individual 

physicians, who were not aware of the results and risk factors. Recordings were excluded from the analysis if: 

more than 30% of the raw data were missing;
18
 values of SBP <70 or >250 mm Hg, DBP <40 or >150 mm Hg, 

heart rate<40 or >150 beats/minute. Serum samples were obtained in the morning after a fasting period of 12h. 
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S-CC was measured using an enzyme linked immunoassay kit (Biovendor Research and Diagnostic Products) at 

the central laboratory of Second Affiliated Hospital, Xi’an Jiaotong University. 

 

Statistical analysis 

Descriptive statistics are presented as percentages for discrete variables and mean ± SD for continuous normally 

distributed variables. To compare ordinal and continuous normally distributed variables between subgroups of 

circadian BP and s-CC, chi-squared and analysis of variance (ANOVA) were employed, respectively. 

Correlation between s-CC level, as well as the decline rate of nocturnal SBP and DBP was assessed by bivariate 

correlation analysis (Pearson’s correlation). Multinomial logistic regression was also employed to analyze the 

relationship between circadian BP (dipper, non-dipper and reverse dipper) and the clinical relevant variables. A 

calculated difference of P<0.05 was considered to be statistically significant. All the data was analyzed using 

SPSS 18.0 (SPSS Inc). 

 

RESULTS 

Baseline characteristics 

The clinical characteristics of study population in different groups according to dipping status were shown in 

1, Among 718 participants, the average age was 59.6±13.8 years and 54% were male. The mean s-CC level was 

1.1±0.5 mg/L. Mean 24-h SBP of 24 hours was 135.6±14.2 mm Hg and mean DBP 79.6±10.5 mm Hg. In our 

reverse-dipper BP pattern was observed in 171 patients (23.8%) and dipper pattern in 177 patients (24.7%). A 

of 370 hypertensive patients (51.5%) had non-dipper pattern. Compared with dipper BP pattern, subjects of 

reverse dipper were older, had a higher prevalence of diabetes, with a higher fasting glucose, triglycerides, and 

significantly increased the level of s-CC (Table 1). S-CC level in reverse-dipper group (1.19±0.53) was 
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significantly when compared with dipper group (1.06±0.36)(P=0.021). However, there were no significant 

differences in other characteristics among the three groups. 

 

Table 1.Characteristics of the study population by dipping status 

Variable Dipper Non-dipper Reverse Dipper P Value 

Patients, n 177 370 171  

WCH，n (15.60%) 50(28.24%) 53(14.32%) 9(5.26%) ＜0.001 

SH, n (84.40%) 127(71.75%) 317(85.68) 162(94.73%) ＜0.001 

Age, y 56.08±14.50 58.79±13.54 64.91±11.97
＃* ＜0.001 

Male/female, n 100/77 200/170 90/81 0.761 

Current smokers, n, % 42（23.73） 118（31.89） 55（32.16） 0.115 

Diabetes mellitus, n, % 36（20.34） 95（25.68） 58（33.92）
＃ 0.015 

Fasting blood glucose, mmol/L 5.12±1.90 5.21±1.43 5.85±3.02
＃* 0.006 

Triglycerides, mmol/L 2.23±1.90 1.82±1.25
＃ 1.63±1.20

＃ ＜0.001 

Total cholesterol, mmol/L 4.74±1.03 4.58±0.93 4.63±1.09 0.212 

HDL-C, mmol/L 1.22±0.30 1.25±0.35 1.27±0.34 0.383 

LDL-C, mmol/L 2.86±0.15 2.66±0.81
＃ 2.72±0.88 0.050 

VLD-C, mmol/L 0.70±0.57 0.67±0.53 0.65±0.58 0.728 

24 h- Mean SBP, ABPM, mm Hg 134.16±13.28 135.44±13.79 137.23±15.72
＃ 0.127 

Mean SBP awakening, mm Hg 138.09±13.79 136.98±13.94 135.87±15.23 0.347 

Mean SBP bedtime, mm Hg 118.31±14.49 129.78±13.75
＃ 

142.52±16.84
＃* ＜0.001 

24 h-Mean DBP, ABPM, mm Hg 79.44±11.79 80.00±10.08 79.11±10.04 0.628 

Mean DBP-awakening, mm Hg 82.53±10.82 81.02±10.10 78.86±9.98
＃* 0.004 

Mean DBP-bedtime, mm Hg 69.49±10.03 75.20±10.05
＃ 79.94±10.93

＃* ＜0.001 

Cystatin C, mg/L 1.06±0.36 1.12±0.59 1.19±0.53
＃
 0.062 

Explanatory footnote: ABPM, ambulatory blood pressure monitoring; DBP, diastolic blood pressure;  

SBP: systolic blood pressure; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density  

lipoprotein cholesterol; VLD-C: very low density lipoprotein cholesterol; WCH: white coat hypertension (office BP ≥140/90 

mm Hg with normal ABPM measurements) ; MH; masked hypertension(office BP < 140/80 with high ABPM measurements). 

＃
Indicated control with dipper group P<0.05. 

*Indicated control with non-dipper group P<0.05. 

 

Association of s-CC with reverse dipper pattern 
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In order to evaluate the association of different circadian BP patterns with s-CC level, a prescreening with 

ANOVA for multiple clinical variables was performed and found that diabetes, triglycerides, low-density 

lipoprotein cholesterol (LDL-C) and s-CC were significantly different between different BP dipping groups. After 

collinearity was assessed in univariate models, multinomial regression analyses were carried out and indicated 

that S-CC (OR 1.717, 95%CI 1.033~2.854; P=0.037) were significantly different between BP reverse dipping 

and dipping groups (Table 2). It was also discovered that diabetes (OR 2.313,95%CI 1.401~3.821; P=0.01), 

triglycerides (OR 0.704, 95%CI 0.578~0.858;P<0.001) were significantly different between these two groups 

(Table 2).  Table 2. Multinomial logistic regression analysis between Reverse Dipper, Non-dipper, and Dipper 

 

 Reverse Dipper vs. Dipper Nondipper vs. Dipper Reverse Dipper vs. Nondipper 

Variable OR(95% CI) P OR(95% CI) P OR(95% CI) P 

Diabetes 

mellitus 

2.313(1.401~3.821)   0.01 1.513(0.969~2.361) 0.068 0.654(0.437~0.977) 0.038 

Triglycerides 0.704(0.578~0.858) ＜0.001 0.837(0.74~0.95) 0.005 1.189(0.986~1.434) 0.07 

LDL-C 0.802(0.63~1.022) 0.074 0.748(0.609~0.919) 0.006 0.932(0.755~1.152) 0.516 

Cystatin C 1.717(1.033~2.854) 0.037 1.493(0.928~2.404) 0.0099 0.87(0.632~1.197) 0.391 

CI=confidence interval, OR=odds ratio, LDL-C, low-density lipoprotein cholesterol 

 

Correlation between s-CC Level and Decline Rate of Nocturnal BP 

In order to further investigate the relationship between the different circadian BP patterns and s-CC, we assessed 

the effect of the nocturnal drop of BP using the decline rate of nocturnal BP as a continuous variable, which also 

shows the BP dipping status. Bivariate correlation analysis was performed and demonstrated that s-CC was 

negatively correlated with the rate of decline nocturnal SBP (r=-0.117; p=0.002) and DBP (r=-0.089; p=0.018) 

(Figure 1). 

 

Discussion 
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The common circadian variation of BP is the physiologic decline in nocturnal BP, more than 10% decrease 

compared with daytime BP, which is known as dipper pattern of BP. Nocturnal BP is the minimal BP required 

for adequate organ perfusion in healthy individuals.20 However, the loss of the physiologic decline in nocturnal 

BP is closely related to target organ damage, and the renal damage is one of the most serious complications of 

hypertension. It has been reported that nighttime BP bear a more significant predictive role for the risk of 

developing clinical events in hypertensive patients.21-24 Interestingly, reverse-dipper BP, with nocturnal BP 

higher than daytime BP, was found to be closely related to the progression and prognosis of renal and 

cardiovascular damage, increasing the risk of organ damages in heart, brain and kidney.25, 26 The Ohasama study 

reported that the failure of nocturnal BP decline was significantly associated with a higher risk for cardiovascular 

mortality.
27 Consistently, our previous study also found that BP reverse dipping was the real risk factor for 

carotid atherosclerosis and lacuna infarction. In this study, we investigate the relationship between s-CC and BP 

patterns and found that s-CC level was increased significantly in reverse-dipper group when compared with 

dipper group. 

 

Cystatin C, a molecular weight of 13KD, is a cysteine protease inhibitor produced by nearly all human cells and 

filtered by the glomerulus.28, 29 Compared to serum creatinine concentration, s-CC is less affected by age, sex, or 

muscle mass. Therefore, s-CC is considered to be a more sensitive marker of GFR, particularly for individuals 

with early kidney injury, which is prevalent in hypertensive patients, while those with poorly controlled blood 

pressure are more prone to deteriorated glomerular filtration rate
2, 3
. In addition, there is an emerging evidence 

indicating that the possible associations may exist between s-CC and circadian BP rhythm, though the detailed 

mechanism remains to be further investigated. For example, Serkanet al. 15 found that serum levels of cystatin C 
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was higher in the patients with non-dipper hypertension when compared to those in the dipper pattern. 

Surprisingly, different from other studies15, 30 on the important prognostic value of non-dipper, our results 

revealed that s-CC (OR 1.717,CI 1.033~2.854,P=0.037) were significantly different between reverse-dipper and 

dipper. By using cystatin C, we found a significant linear relationship between kidney function and the rate of 

decline of nocturnal BP in patients with essential hypertension. However, several studies have reported that s-CC 

was also involved in the pathological and physiological process of cardiovascular disease, the pathophysiological 

mechanism is incompletely understood. 

 

For the first time, we evaluated s-CC level in patients with reverse-dipper pattern of BP and found that s-CC 

level was increased significantly in reverse-dipper group when compared with dipper group. Moreover, the 

lower nocturnal decline rate of BP might increase the risk of s-CC and early renal injury in hypertensive patients 

probably. The clinical relevance of the association of reverse dipper hypertension with kidney damage we report 

could attach more attention to the management of reverse dipper hypertension, because the better control of 

nighttime blood pressure may protect the kidney in clinics. However, due to the limitation of the cross-sectional 

nature, long-term follow-up data were not provided, and a longer period of prospective observation may provide 

more prognostic information. Secondly, we cannot confirm cause-effect relationship between reverse dipper and 

s-CC, or they may contribute to each other. In addition, this is a retrospective study, and the different living habit 

of participants does affect the accuracy of the results. Therefore, more prospective clinical observations or 

case-control studies are needed to investigate the role and the mechanism of this association between s-CC and 

reverse patterns of BP variability.  

 

Conclusion 
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In conclusion, our results confirmed that s-CC was associated with reverse-dipper pattern of BP examined with 

24h ABPM and that s-CC level was increased significantly in reverse-dipper group when compared with dipper 

group.  
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ABSTRACT  

Objective: To investigate the relationship between serum cystatin C (s-CC) and reverse-dipper blood pressure 

(BP) pattern. 

Design: Cross-sectional study. 

Setting: Single center. 

Participants: A total of 718 hypertensive patients were eventually recruited from cardiac clinics between 2012 

and 2014 in the Second Affiliated Hospital, Xi’an Jiaotong University. They were diagnosed as essential 

hypertension according to their casual office records of systolic BP (SBP) and/or diastolic BP (DBP). Patients 

were excluded if they were<18 or >90 years old, under antihypertensive treatment, night workers, suffering acute 

stroke or myocardial infarction within the past 6 months, diagnosed as secondary hypertension, sleep apnoea or 

other sleep disorders, renal failure, cardiac failure, COPD or women during pregnancy or intolerant to the 

ABPM. 

Measurement: The sample subjects were evaluated with 24 hours ambulatory BP monitoring (ABPM). 

Peripheral venous blood samples were collected to evaluate the s-CC levels by enzyme linked immune sorbent 

assay.  

Methods: The distribution of hypertensive patients with different levels of s-CC among each circadian BP 

pattern group was analyzed using analysis of variance (ANOVA). Multinomial logistic regression analysis was 

applied to explore the relationship between the relevant variables and ABPM results.  

Results: S-CC level in reverse-dipper group (1.19±0.53 mg/L) was increased significantly when compared with 

dipper group (1.06±0.36 mg/L)(P=0.021). In addition, after multinomial logistic regression analysis, s-CC (OR 

1.717; 95% CI 1.033-2.854; P=0.037) and diabetes (OR 2.313; 95% CI 1.401-3.821; P=0.01) were significantly 

different between reverse-dipper group and dipper group. On the other hand, the decline rate of nocturnal SBP 
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(r=-0.117; p=0.002) and DBP (r=-0.089; p=0.018) was negatively correlated with s-CC level. 

Conclusions：：：：S-CC level was increased significantly in reverse-dipper group when compared with dipper group 

and that s-CC was associated with reverse-dipper pattern of BP examined with 24h ABPM. 

Strengths and limitations of this study 

●The present study was the first to demonstrate that significantly elevated level of serum cystatin C (s-CC) in 

patients with reverse-dipper pattern of BP. 

●Our study was a cross-sectional study, long-term follow-up data were not provided. 

●The subjects in our study were recruited from a single center in northern China. 

 

Introduction 

Renal function is conveniently evaluated using serum creatinine concentration in various clinical situations. 

However, serum creatinine is usually increased only when the glomerular filtration rate (GFR) is reduced by 

approximately 50%.
1 Serum cystatin C（s-CC）is considered to be a more precise marker for compromised 

glomerular filtration rate compared with serum creatinine, particularly for individuals with early kidney injury.2, 3 

Several studies have reported that s-CC also serves as an independent risk factor for target-organ damages and 

cardiovascular events in patients with essential hypertension.
4-7 Therefore, it is believed that the monitoring of 

s-CC level is important for clinical management of essential hypertensive patients. 

 

Hypertension is a major risk factor for the progression of cardiovascular and renal diseases,8 and blood pressure 

(BP) variations may provide additional clinical value.
9-11
 Circadian BP patterns could be divided into dipper 

(10% to 20% systolic blood pressure [SBP] fall), extreme-dipper (>20% SBP fall), non-dipper (<10% SBP fall) 

and reverse-dipper (nocturnal SBP rise) in the light of the nocturnal fall of BP.12, 13 Previous studies reported that 
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the incidence of target-organ damage in non-dipper group was increased significantly when compared with 

dipper group.14 In addition, accumulating evidences have demonstrated that reverse-dipper BP pattern, a variant 

of “non-dipper”, was strongly associated with cardiovascular injuries in chronic kidney disease.
9, 11, 15

 

Furthermore, according to our study, BP reverse dipping was the real risk factor for carotid atherosclerosis and 

lacuna infarction, since the patients with non-dipper BP pattern failed to present the same risk.
16
 

 

The relationships between s-CC and circadian variations of BP have been investigated before. A large 

cross-sectional study in California explored the relationship between kidney function measured with s-CC and 

each BP component using office blood pressures measurements, and indicated that s-CC might associate with 

chronic kidney disease and hypertension.
17
 It was also reported earlier that the level of s-CC was higher in 

patients with “non-dipper” hypertension compared with dippers.
15 However, the association of s-CC with 

reverse-dipper BP pattern remains unknown. Therefore, we conducted this study to investigate the relationship 

between s-CC and reverse-dipper BP pattern. In addition, we tried to evaluate the potential association of s-CC 

levels with the decline rate of nocturnal BP in hypertensive patients. 

 

Methods 

Design and Participants 

This was a single center, cross-sectional study based on hypertensive individuals. During January 2012 to June 

2014, a total of 718 participants were recruited. Data was extracted from the entire in-patient ABPM service 

database in our hospital. Patients were excluded if they were <18 or >90 years old, under antihypertensive 

treatment, night workers, acute stroke or myocardial infarction within the past 6 months, sleep apnea syndrome, 

secondary hypertension, could not tolerate the ABPM, pregnant female, sleep apnea syndrome, arrhythmia, 
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congestive heart failure, hepatic failure, kidney failure and chronic obstructive pulmonary disease (COPD). The 

study protocol was approved by the Ethics Committee of the Second Affiliated Hospital, Xi’an Jiaotong 

University. All the patients were referred to standard indications that have been shown to use ABPM for 

appropriate clinical circumstance. 

 

We considered subjects to have clinical hypertension if their systolic BP(SBP)>140mm Hg and/or diastolic BP 

(DBP)>90 mm Hg in casual office recording, or if their daytime (or awake) SBP≥135 mmHg and/or DBP≥85 

mm Hg, or night-time (or asleep) SBP ≥120 mm Hg and/or DBP≥70mm Hg in ABPM.18 Decline rate of 

nocturnal BP was calculated as (daytime BP–nighttime BP)*100/daytime BP. Accepted normal value for SBP as 

10%-20% reduction in mean BP values at night compared with the daytime values.
19
 BP patterns of patients in 

our study were divided into dipper (>= 10% and < 20% SBP fall), non-dipper (>= 0% and < 10% SBP fall), and 

reverse dipper (nocturnal SBP rise), according to the range of the nocturnal SBP dip.13 

 

Measurement 

All the hypertensive patients were subject to 24-hour ABPM using an oscillometric device (Spacelabs 90207; 

Spacelabs, Redmond, WA). The arm cuff was fixed to the non-dominant upper limb between 7:00 and 9:00AM 

and removed 24 hours later. BP was recorded every 15 minutes from 7:00AM to 11:00PM (daytime BP values) and 

every 30 minutes from 11:00PM to 7:00AM (nocturnal BP values). For each 24-hour ABPM, daytime BP and 

nighttime BP means were calculated. Strenuous physical activity was discouraged in all patients, whose daily 

activities were comparable, during the monitoring period. All the ABPM recordings were reviewed by 2 

individual physicians, who were not aware of the results and risk factors. Recordings were excluded from the 

analysis if: more than 30% of the raw data were missing;18 values of SBP <70 or >250 mm Hg, DBP <40 
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or >150 mm Hg, and heart rate<40 or >150 beats/minute. Serum samples were obtained in the morning after a 

fasting period of 12h. S-CC was measured using an enzyme linked immunoassay kit (Biovendor Research and 

Diagnostic Products) at the central laboratory of Second Affiliated Hospital, Xi’an Jiaotong University. 

 

Statistical analysis 

Descriptive statistics are presented as percentages for discrete variables and mean ± SD for continuous normally 

distributed variables. To compare ordinal and continuous normally distributed variables between subgroups of 

circadian BP and s-CC, chi-squared and analysis of variance (ANOVA) were employed, respectively. As 

multiple clinical variables exist, a multinomial logistic regression analysis using stepwise selection process was 

performed in our study to analyze the relationships between circadian BP patterns (dipper, non-dipper and 

reverse dipper) and related risk factors. Any variable with P values less than 0.1 after univariate analysis was 

brought into the multinomial logistic regression analyses. Correlation between s-CC level, as well as the decline 

rate of nocturnal SBP and DBP was assessed by bivariate correlation analysis. Linear regression analysis was 

also employed to test the relationship between nocturnal blood pressure level and s-CC level. A calculated 

difference of P<0.05 was considered to be statistically significant. All the data was analyzed using SPSS 18.0 

(SPSS Inc). 

 

RESULTS 

Baseline Characteristics 

The clinical characteristics of study population in different groups according to dipping status were shown in 

Table 1, Among 718 participants, the average age was 59.6±13.8 years and 54% were male. The mean s-CC 

level was 1.1±0.5 mg/L. Mean 24-h SBP of 24 hours was 135.6±14.2 mm Hg and mean DBP 79.6±10.5 mm Hg. 
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In our study, reverse-dipper BP pattern was observed in 171 patients (23.8%) and dipper pattern in 177 patients 

(24.7%). A total of 370 hypertensive patients (51.5%) had non-dipper pattern. Compared with dipper BP pattern, 

subjects of reverse dipper were older, had a higher prevalence of diabetes, with a higher fasting glucose, 

triglycerides, and significantly increased the level of s-CC (Table 1). S-CC level in reverse-dipper group 

(1.19±0.53) was increased significantly when compared with dipper group (1.06±0.36)(P=0.021). However, 

there were no significant differences in other characteristics among the three groups. 

 

Table 1.Characteristics of the study population by dipping status 

Variable Dipper Non-dipper Reverse Dipper P Value 

Patients, n 177 370 171  

WCH，n (15.60%) 50(44.64%) 53(47.32%) 9(8.03%) ＜0.001 

SH, n (84.40%) 127(20.95%) 317(52.31) 162(26.73%) ＜0.001 

Age, y 56.08±14.50 58.79±13.54 64.91±11.97
＃* ＜0.001 

Male/female, n 100/77 200/170 90/81 0.761 

Current smokers, n, % 42（23.73） 118（31.89） 55（32.16） 0.115 

Diabetes mellitus, n, % 36（20.34） 95（25.68） 58（33.92）＃ 0.015 

Fasting blood glucose, mmol/L 5.12±1.90 5.21±1.43 5.85±3.02
＃* 0.006 

Triglycerides, mmol/L 2.23±1.90 1.82±1.25
＃ 1.63±1.20

＃ ＜0.001 

Total cholesterol, mmol/L 4.74±1.03 4.58±0.93 4.63±1.09 0.212 

HDL-C, mmol/L 1.22±0.30 1.25±0.35 1.27±0.34 0.383 

LDL-C, mmol/L 2.86±0.15 2.66±0.81
＃ 2.72±0.88 0.050 

VLD-C, mmol/L 0.70±0.57 0.67±0.53 0.65±0.58 0.728 

24 h- Mean SBP, ABPM, mm Hg 134.16±13.28 135.44±13.79 137.23±15.72
＃ 0.127 

Mean SBP awakening, mm Hg 138.09±13.79 136.98±13.94 135.87±15.23 0.347 

Mean SBP bedtime, mm Hg 118.31±14.49 129.78±13.75
＃ 

142.52±16.84
＃* ＜0.001 

24 h-Mean DBP, ABPM, mm Hg 79.44±11.79 80.00±10.08 79.11±10.04 0.628 

Mean DBP-awakening, mm Hg 82.53±10.82 81.02±10.10 78.86±9.98
＃* 0.004 

Mean DBP-bedtime, mm Hg 69.49±10.03 75.20±10.05
＃ 79.94±10.93

＃* ＜0.001 

Cystatin C, mg/L 1.06±0.36 1.12±0.59 1.19±0.53
＃
 0.062 

Explanatory footnote: ABPM, ambulatory blood pressure monitoring; DBP, diastolic blood pressure;  

SBP: systolic blood pressure; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density  

lipoprotein cholesterol; VLD-C: very low density lipoprotein cholesterol; WCH: white coat hypertension (office BP ≥

140/90 mm Hg with normal ABPM measurements) ; SH: sustained hypertension (office BP≥140/90 with high ABPM 
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measurements). 

＃
Indicated control with dipper group P<0.05. 

*Indicated control with non-dipper group P<0.05. 

 

Association of S-CC with Reverse Dipper Pattern 

In order to evaluate the association of different circadian BP patterns with s-CC level, a prescreening with 

ANOVA for multiple clinical variables was performed and found that diabetes, triglycerides, low-density 

lipoprotein cholesterol (LDL-C) and s-CC were significantly different between different BP dipping groups. After 

collinearity was assessed in univariate models, multinomial regression analyses were carried out and indicated 

that s-CC (OR 1.717, 95%CI 1.033~2.854; P=0.037) was significantly different between BP reverse dipping and 

dipping groups (Table 2). It was also discovered that diabetes (OR 2.313, 95%CI 1.401~3.821; P=0.01), 

triglycerides (OR 0.704, 95%CI 0.578~0.858; P<0.001) were significantly different between these two groups 

(Table 2).  

Table 2. Multinomial logistic regression analysis between Reverse Dipper, Non-dipper and Dipper 

 Reverse Dipper vs. Dipper Nondipper vs. Dipper Reverse Dipper vs. Nondipper 

Variable OR(95% CI) P OR(95% CI) P OR(95% CI) P 

Diabetes 

mellitus 

2.313(1.401~3.821) 0.01 1.513(0.969~2.361) 0.068 0.654(0.437~0.977) 0.038 

Triglycerides 0.704(0.578~0.858) ＜0.001 0.837(0.74~0.95) 0.005 1.189(0.986~1.434) 0.07 

LDL-C 0.802(0.63~1.022) 0.074 0.748(0.609~0.919) 0.006 0.932(0.755~1.152) 0.516 

Cystatin C 1.717(1.033~2.854) 0.037 1.493(0.928~2.404) 0.010 0.87(0.632~1.197) 0.391 

CI=confidence interval, OR=odds ratio, LDL-C, low-density lipoprotein cholesterol 

 

Correlation between S-CC Level and Decline Rate of Nocturnal BP 

In order to further investigate the relationship between the different circadian BP patterns and s-CC, we assessed 

the effect of the nocturnal drop of BP using the decline rate of nocturnal BP as a continuous variable, which also 
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shows the BP dipping status. Bivariate correlation analysis was performed and demonstrated that s-CC was 

negatively correlated with the rate of decline nocturnal SBP (r=-0.117; p=0.002) and DBP (r=-0.089; p=0.018) 

(Figure 1).  

 

Discussion 

The present paper investigated the relationship between s-CC and circadian variations of BP. This is, to the best 

of our knowledge, the first study to report the association of s-CC level with BP reverse dipping. In addition, the 

decline rate of nocturnal SBP and DBP was negatively correlated with s-CC level, which was also confirmed 

using a linear regression models (unpublished results). Therefore, the association of BP reverse dipping with 

kidney damage implied that the better control of nighttime blood pressure may protect the kidney in clinics. 

 

The common circadian variation of BP is the physiologic decline in nocturnal BP, more than 10% decrease 

compared with daytime BP, which is known as dipper pattern of BP. Nocturnal BP is the minimal BP required 

for adequate organ perfusion in healthy individuals.20 However, the loss of the physiologic decline in nocturnal 

BP is closely related to target organ damage, and the renal damage is one of the most serious complications of 

hypertension. It has been reported that nighttime BP bear a more significant predictive role for the risk of 

developing clinical events in hypertensive patients.21-24 Interestingly, reverse-dipper BP, with nocturnal BP 

higher than daytime BP, was found to be closely related to the progression and prognosis of renal and 

cardiovascular damage, increasing the risk of organ damages in heart, brain and kidney.11, 25 The Ohasama study 

reported that the failure of nocturnal BP decline was significantly associated with a higher risk for cardiovascular 

mortality.
26 Consistently, our previous study also found that BP reverse dipping was the real risk factor for 

carotid atherosclerosis and lacuna infarction16. In this study, we investigated the relationship between s-CC and 
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BP patterns and found that s-CC level was increased significantly in reverse-dipper group when compared with 

dipper group. 

 

Cystatin C, a molecular weight of 13KD, is a cysteine protease inhibitor produced by nearly all human cells and 

filtered by the glomerulus.
27, 28

 Compared to serum creatinine concentration, s-CC is less affected by age, sex, or 

muscle mass. Therefore, s-CC is considered to be a more sensitive marker of GFR, particularly for individuals 

with early kidney injury, which is prevalent in hypertensive patients, while those with poorly controlled blood 

pressure are more prone to deteriorated glomerular filtration rate
2, 3
. In addition, there is emerging evidence 

indicating that the possible associations may exist between s-CC and circadian BP rhythm, though the detailed 

mechanism remains to be further investigated. For example, Serkanet al. 
15
 found that serum levels of cystatin C 

were higher in the patients with non-dipper hypertension when compared to those in the dipper pattern. 

Surprisingly, different from other studies15, 29 on the important prognostic value of non-dipper, our results 

revealed that s-CC (OR 1.717, CI 1.033~2.854, P=0.037) was significantly different between reverse-dipper and 

dipper. By using cystatin C, we found a significant linear relationship between kidney function and the rate of 

decline of nocturnal BP in patients with essential hypertension.  

 

Certain potential limitations should be considered. Due to the limitation of the cross-sectional nature, long-term 

follow-up data were not provided, and a longer period of prospective observation may provide more prognostic 

information. Secondly, we couldn’t confirm cause-effect relationship between reverse dipper and s-CC, or they 

may contribute to each other. In addition, this is a retrospective study, and the different living habit of 

participants does affect the accuracy of the results. Therefore, more prospective clinical observations or 

case-control studies are needed to investigate the role of this association between s-CC and reverse patterns of 
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BP variability.  

 

Conclusion 

In conclusion, our results confirmed that s-CC level was increased significantly in reverse-dipper group when 

compared with dipper group and that s-CC was associated with reverse-dipper pattern of BP examined with 24h 

ABPM.  
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