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INTRODUCTION 
 
Hypertension is one of the most common chronic 
diseases and the most important risk factor for 
cardiovascular disease [1]. The major complications of 
hypertension, such as coronary heart disease, heart 
failure, stroke, and chronic kidney disease (CKD), cause 
a heavy burden for families and society [2]. With social 
and economic development, the incidence of 
hypertension is increasing, and it has become an 
important public health problem of the 21st century 
worldwide [3]. The prevalence of CKD is also 
increasing dramatically worldwide. CKD progresses to 
end-stage renal disease requiring renal replacement 
therapy [4, 5], which markedly alters the quality of life 
of CKD patients. Primary hypertension is the most 
common cardiovascular disease and one of the most 
important risk factors for CKD [6]. Therefore, a better 

understanding of the modifiable risk factors of early 
renal dysfunction is necessary. For example, awareness 
of glomerular hyperfiltration and hypofiltration, leading 
to early detection and prevention, might alleviate the 
future burden of CKD and associated complications in 
patients with hypertension. 
 
Blood pressure (BP) follows a circadian rhythm with 
10–15% lower values during the night than during the 
day [7]. Daytime BP is more closely related to target 
organ damage than nighttime BP [8, 9]. However, some 
studies also found that a blunted decrease in the 
nighttime BP (absence of a nocturnal BP dip) was 
associated with target organ damage in hypertensive 
patients, including left ventricular hypertrophy and 
other cardiovascular events [10, 11]. Moreover, 
nighttime BP and nocturnal BP fall are more strongly 
correlated with left ventricular hypertrophy than 
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ABSTRACT 
 
We explored whether the nighttime blood pressure (BP) decline predicts renal function decline in a population-
based cohort with primary hypertension. We measured the baseline ambulatory BP and glomerular filtration 
rate (GFR) in a cohort of 1,042 primary hypertensive patients. We repeated the GFR measurements and 
calculated the rate of GFR decline after a median follow-up of 5.8 years. The estimated GFR (eGFR) declined by 
−0.23 to −0.20 mL/min per year as the nighttime systolic BP (SBP), diastolic BP (DBP), and mean BP decline rates 
increased by 1% (P < 0.001). In the fully adjusted model, the nighttime SBP, DBP, and mean BP were all related 
to a steeper rate of eGFR decline by −0.25 to −0.22 mL/min per 1% increase. The adjusted multivariable results 
indicated that the odds of an eGFR decline were reduced by 46% when the nighttime SBP decline rate increased 
by 1% (OR= 0.54, 95% CI: 0.46–0.62). The restricted cubic spline model indicated a non-linear dose-response 
relationship with the nighttime SBP, DBP, and mean BP. Nighttime BP may be an important biomarker of renal 
function injury in hypertensive patients. 
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daytime BP or 24-hour average BP [12, 13]. A study 
with a large sample size suggested that the absence of a 
nighttime BP dip increased the risk of all-cause 
mortality and cardiovascular events, and the increased 
risk was higher than that due to the 24-hour BP. 
Furthermore, some results indicated that non-dipping 
nighttime BP caused deterioration in CKD [14]. So far, 
this phenomenon has been elucidated only in patients 
with mild proteinuria. Therefore, this study explored 
whether the nighttime BP decline predicts renal 
function decline in a population-based cohort with 
primary hypertension. 
 
RESULTS 
 
Baseline characteristics 
 
Table 1 presents the baseline characteristics of the entire 
cohort according to the mean nighttime BP decline rate. 

The patients with a nighttime BP decline rate≤mean 
were more often female, had history of smoking, were 
older, and had higher total cholesterol, sCr, and ALT 
levels (P < 0.05). Significant differences were also 
observed in RBC, hemoglobin, aldosterone, and 
angiotensin II. There was no significant difference in 
the baseline eGFR level (P = 0.931) between the two 
groups. The absolute eGFR change and rate were 
significantly lower in the patients with a lower BP 
decline rate than in patients with a greater BP decline 
rate (P < 0.05). Table 2 summarizes the office BP and 
24-h ambulatory BP. The group with a low nighttime 
BP decline rate had a higher office SBP, day mean 
DBP, and mean nighttime SBP and DBP. There was a 
negative relationship between the eGFR decline rate 
and nighttime SBP decline rate (r = −0.625, P < 0.001, 
Figure 1A), nighttime DBP decline rate (r = −0.642, P < 
0.001, Figure 1B) and nighttime BP decline rate (r = 
−0.662, P < 0.001, Figure 1C). 

 
Table 1. Baseline characteristics of the population according to nighttime blood pressure decline rate. 

Baseline characteristic 
Nighttime blood 
pressure decline 

rate≤Mean 

Nighttime blood 
pressure decline 

rate>mean 
t/χ2/μ P 

N  491 551   
Sex (male, n (%)) 283(57.6%) 361(65.5) 6.829 0.009 
Age, y 47.4±7.9 46.4±7.7 2.096 0.036 
Body mass index, kg/m2 25.7±3.3 26.0±3.5 -1.471 0.142 
Waist circumference, cm 95.1±9.5 93.8±10.1 2.133 0.033 
Smoking, n (%) 112(22.8%) 40(7.3%) 50.395 0.000 
Drinking, n (%) 139(28.3%) 141(25.6%) 0.977 0.323 
Physical exercise, n (%)   5.620 0.060 
Never 22(4.5%) 35(6.4%)   
Low intensity 189(38.5%) 240(43.6%)   
High intensity 280(57.0%) 276(50.0%)   
Triglyceride, mmol/dL 1.9±0.5 1.8±0.5 1.944 0.052 
HDL-cholesterol, mmol/dL 1.1±0.2 1.1±0.2 -1.855 0.064 
LDL-cholesterol, mmol/dL 3.2±0.8 3.1±0.9 1.162 0.246 
Total cholesterol, mmol/dL 5.4±0.9 5.2±0.9 3.581 <0.001 
Fasting glucose, mmol/dL 5.7±0.7 5.6±0.6 1.601 0.110 
Postprandial glucose, mmol/dL 7.6±2.4 7.4±2.1 1.087 0.278 
Serum creatine, mmol/dL 70.7±13.5 69.0±12.6 -2.10 0.036 
Uric acid, mmol/L 342.6±49.6 343.4±46.9 -0.252 0.801 
Urinary albumin-creatinine ratio, mg/mmol 49.2±44.4 44.6±45.1 1.656 0.098 
Blood urea nitrogen, mmol/L 4.8±1.1 4.8±1.2 -0.304 0.761 
ALT*, U/L 29.0±23.9 32.4±25.0 -2.21 0.027 
AST*, U/L 25.5±11.9 25.1±9.9 0.464 0.643 
White blood cell, ×109 6.5±1.8 6.3±1.7 0.885 0.376 
Red blood cell, ×1012 4.9±0.4 5.0±0.5 -3.365 0.001 
Hemoglobin, g/L 147.6±16.4 152.1±14.9 -3.645 <0.001 
Red cell distribution width, % 12.9±0.9 12.8±0.8 1.899 0.057 
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Platelet count, ×109 239.1±55.1 236.0±51.2 0.941 0.347 
High-sensitive CRP, mg/L 2.7±5.9 2.3±3.4 1.358 0.175 
Plasma renin activity, ug/lh 3.3±3.8 3.4±3.8 -0.044 0.965 
Aldosterone, mol/L 0.2±0.1 0.2±0.0 2.546 0.011 
Angiotensin II 77.9±31.7 72.8±26.2 2.814 0.005 
Medication, n (%)     
β-blocker 70(14.3%) 74(13.4%) 0.149 0.699 
ACE inhibitor 101(20.6%) 116(21.1%) 0.037 0.848 
A2 blocker 111(22.6%) 98(17.8%) 3.764 0.052 
Calcium blocker 327(66.6%) 385(70.0%) 1.286 0.257 
Diuretic 23(4.6%) 21(3.8%) 0.489 0.484 
Lipid-lowering medication 68(13.8%) 55(9.9%) 3.730 0.053 
GFR, ml/min per 1.73m2 84.1±17.2 84.2±17.5 -0.087 0.931 
GFR<60 ml/min per 1.73m2 24(2.5%) 11(2.7%) 3.380 0.094 
Absolute GFR change ml/min per year -3.6±1.8 -1.4±2.0 -3.377 <0.001 
Absolute GFR rate, % -8.9±1.7 -5.1±1.0 -44.582 <0.001 
GFR after follow-up, ml/min per 1.73m2 76.8±17.2 80.0±17.4 -2.931 0.003 

*ALT: glutamic-pyruvic transaminase, AST: glutamic oxalacetic transaminase, GFR: Glomerular filtration rate; Mean of 
nighttime blood pressure decline rate 9.42%. 

 

 
 

Figure 1. Scatter diagram of relationship between nighttime SBP (A), nighttime DBP (B) and nighttime BP (C) decline rate. 
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Nighttime BP decline and eGFR change rates 
 
The eGFR declined more rapidly in the low nighttime 
BP decline rate group than in the high nighttime BP 
decline rate group. We examined the nighttime SBP, 
DBP, and mean BP declines rate in separate mixed 
linear models with stepwise addition of factors. For 
Model 1, the eGFR declined by −0.23 to −0.20 mL/min 
per year when the nighttime SBP, DBP, and mean BP 
decline rates increased by 1% (P < 0.001, Table 3). The 

same results were observed in Model 2. In the fully 
adjusted model with all of the variables, the nighttime 
SBP, DBP, and mean BP were all related to a rate of 
eGFR decline steeper by −0.25 to −0.22 mL/min per 1% 
increase. 
 
Risk of a rapid eGFR decline 
 
We explored the risk of a rapid eGFR decline defined as 
a rate of change less than the mean value in the multiple 

Table 2. Office blood pressure and 24h ambulatory blood pressure according to nighttime blood pressure 
decline rate. 

Baseline blood pressure 
Nighttime blood 
pressure decline 

rate≤mean 

Nighttime blood 
pressure decline 

rate>mean 
t P 

Office blood pressure     
Systolic, mmHg 153.9±12.7 151.1±10.9 3.886 <0.001 
Diastolic, mmHg 99.8±9.1 99.9±8.6 -0.276 0.783 
Mean blood pressure, mmHg 117.8±8.9 117.0±8.1 1.612 0.107 
Heart rate, n/min, mmHg 78.1±9.5 78.9±9.4 -1.277 0.204 
24h ambulatory blood pressure, mmHg     
Day mean systolic, mmHg 140.0±11.7 140.1±10.4 -0.119 0.905 
Day mean diastolic, mmHg 90.3±10.1 92.1±7.9 -3.205 0.001 
Day heart rate, n/min 76.9±8.6 79.9±8.8 -5.584 <0.001 
Nighttime mean systolic, mmHg 133.1±12.5 121±9.6 17.302 <0.001 
Nighttime mean diastolic, mmHg 85.1±10.2 76.8±7.5 15.094 <0.001 
Nighttime heart rate, n/min 65.1±8.0 65.1±7.9 -0.057 0.954 
Nighttime systolic pressure decline, % 106.7±9.6 108.1±7.8 -2.251 0.025 
Nighttime diastolic pressure decline % 101.1±7.3 91.6±7.3 17.553 <0.001 
Nighttime blood pressure decline rate, % 5.4±4.1 15.2±3.3 -42.910 <0.001 
 

Table 3. Association between baseline nighttime blood pressure decline rate and GFR change rates in linear mixed 
regression analyses. 

Independent variable Model 1  Model 2  Model 3  
 β 95%CI P β 95%CI P β 95%CI P 

Nighttime SBP decline rate, 
per 1% increase -0.23 -0.25: -0.22 <0.001 -0.22 -0.25: -0.20 <0.001 -0.22 -0.26: -0.19 <0.001 

Nighttime DBP decline 
rate, per 1% increase -0.20 -0.24: -0.19 <0.001 -0.20 -0.22: -0.18 <0.001 -0.20 -0.22: -0.17 <0.001 

Nighttime BP decline rate, 
per 1% increase -0.23 -0.25: -0.22 <0.001 -0.25 -0.27: -0.22 <0.001 -0.25 -0.27：-0.22 <0.001 

Model 1: adjusted for baseline GFR, sex, age, BMI, waist circumstance, smoking, drinking, physical exercise and medication (β-
blocker, ACE inhibitor, A2 blocker, Calcium blocker, Diuretic Lipid-lowering) 
Model 2: adjusted Model 1 and in addition triglyceride-cholesterol, LDL-cholesterol, total cholesterol, fasting glucose, postprandial 
glucose, serum creatine, uric acid, urinary albumin-creatinine ratio, blood urea nitrogen, ALT, AST, white blood cell, red blood cell, 
Hemoglobin, red cell distribution width, platelet count, office mean blood pressure, 24 h mean blood pressure 
Model 3: adjusted Model 2 and in addition, high-sensitive CRP, plasma renin activity, aldosterone, angiotensin II 
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logistic regression models adjusting for the parameters 
as in the linear mixed models. The unadjusted 
univariate analyses are presented in Supplementary 
Material. Table 4 shows the adjusted multivariable 
results. The univariate analyses indicated that the 
nighttime SBP decline rate was negatively associated 
with the risk of eGFR decline (OR = 0.71, 0.99, P < 
0.001, Table S1). As presented in Table 4, increased 
nighttime SBP, DBP, and mean BP decline rates were 
associated with lower risks of eGFR decline in all 

models. In the fully adjusted model, the odds of an 
eGFR decline were reduced by 46% when the nighttime 
SBP decline rate increased by 1%.  
 
We also built dose-response relationships between the 
nighttime SBP, DBP, and mean BP decline rates and the 
eGFR decline rate based on the restricted cubic spline 
method (four knots: 5.68, 10. 13.54, and 17.58; 
reference value 0). The restricted cubic spline methods 
are plotting the odds ratio. First, what we need to know 

Table 4. Baseline Nighttime pressure decline rate and GFR change rates in logistic regression. 

Independent variable Model 1  Model 2  Model 3  

 Odds 
ratio 95%CI P Odds 

ratio 95%CI P Odds 
ratio 95%CI P 

Nighttime SBP decline 
rate, per 1% increase 0.58 0.55-0.62 <0.001 0.53 0.45-0.62 <0.001 0.54 0.46-0.62 <0.001 

Nighttime DBP decline 
rate, per 1% increase 0.62 0.59-0.66 <0.001 0.45 0.36-0.57 <0.001 0.46 0.37-0.58 <0.001 

Nighttime BP decline 
rate, per 1% increase 0.53 0.48-0.57 <0.001 0.31 0.22-0.45 <0.001 0.32 0.22-0.45 <0.001 

Model 1: adjusted for baseline GFR, sex, age, BMI, waist circumstance, smoking, drinking, physical exercise and medication (β-
blocker, ACE inhibitor, A2 blocker, Calcium blocker, Diuretic, Lipid-lowering medication) 
Model 2: adjusted Model 1 and in addition triglyceride-cholesterol, LDL-cholesterol, total cholesterol, fasting glucose, 
postprandial glucose, serum creatine, uric acid, urinary albumin-creatinine ratio, blood urea nitrogen, ALT, AST, white blood cell, 
red blood cell, Hemoglobin, red cell distribution width, platelet count, office mean blood pressure, 24 h mean blood pressure 
Model 3: adjusted Model 2 and in addition, high-sensitive CRP, plasma renin activity, aldosterone, angiotensin II 
 

 
 

Figure 2. Restricted cubic spline plot of risk of rapid eGFR decline from nighttime SBP decline rate>0. A positive rate of 
change means that the night BP declined and this decline reduced the odds ratio of renal injury during follow-up. 
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is that: the BP decline rate <0 when day BP< nighttime 
BP, the BP decline rate=0 when day BP=nighttime BP, 
and the BP decline rate>0 when day BP>nighttime BP 
according the formula. In the Figure 2-Figure 4, we 
treated the BP decline rate=0 as the reference level and 
we plotted the odds ratio in patients with BP decline 
rate>0 and BP decline rate<0, respectively. Taking the 
Figure 2 as example, the odds ratio<1 because the 
nighttime SBP decline rate>0(day SBP>nighttime SBP), 
which means the nighttime SBP is lower than day SBP. 
The decreased the nighttime SBP reduced the risk of 
GFR decline (OR>1). After adjusting for all variables, 
the restricted cubic spline model indicated non-linear 
dose–response relationships between the nighttime SBP 
(Figure 2), DBP (Figure 3), and mean BP (Figure 4) 
decline rates and the eGFR decline per year where the 
reference value is 0. 
 
DISCUSSION 
 
This study found that nighttime BP decline, a non-
invasive, accessible cardiovascular biomarker, was an 
independent predictor of renal function decline in 
patients with hypertension. A decline of 0.25 mL/min 
per year per 1% increase in nighttime BP was clinically 
important. The logistic regression showed similar 
results. The results were still robust after excluding the 
history of medicine usage. Therefore, renal function 
injury in hypertensive patients may explain the results.  

Twenty-four-hour ambulatory BP monitoring (ABPM) 
is widely used in clinical practice [15]. The ambulatory 
24-hour BP can predict the prognosis better than the 
office BP and the average nighttime sleep BP is 
generally a better predictor of adverse cardiovascular 
outcomes than the average daytime BP on ABPM [13, 
16]. There is normal circadian BP variability, with 
higher levels during daytime and a 10–20% BP fall at 
night. O’Brien first reported that hypertensive patients 
with a blunted nocturnal BP fall had a greater 
prevalence of strokes and called these patients non-
dippers, in contrast to normal dippers [17]. 
Subsequently, several prospective studies reported that 
the nighttime BP fall was associated with the prognosis 
of hypertensive patients [18, 19]. However, these 
reports were not consistent, possibly because of 
differences in methodology, study populations, sample 
sizes, and end points. More importantly, the previous 
studies did not adjust the analyses for the average 24-
hour BP or did not examine the nocturnal BP decline 
as a continuous variable [20]. To our knowledge, the 
nighttime BP decline rate has not previously been 
explored as a potential risk predictor for renal function 
decline in hypertension. Li et al. monitored the 
ambulatory BP and followed health outcomes in 588 
Chinese CKD patients and found that a higher 
nighttime BP load, especially the nighttime DBP load, 
was associated with a poorer prognosis in Chinese 
non-dialysis  CKD  patients  [21].  Ruiz-Hurtado  et al.  

 
 

Figure 3. Restricted cubic spline plot of risk of rapid eGFR decline from nighttime DBP decline rate>0. A positive rate of 
change means that the night BP declined and this decline reduced the odds ratio of renal injury during follow-up. 
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examined the quantitative differences in nighttime SBP 
across albuminuria levels in 16,546 patients with and 
without diabetes and CKD and reported that 
albuminuria in hypertensive patients is accompanied by 
a strikingly higher nighttime SBP, particularly in those 
with diabetes with very high albuminuria and a low 
eGFR [22]. Our results extend these findings by 
showing that the nighttime BP decline rate is also 
related to an accelerated GFR decline in hypertensive 
patients. 
 
The pathophysiological mechanism of the association 
between reduced nocturnal BP and worsening 
cardiovascular outcomes has not been confirmed, 
although it has been widely discussed [23]. Hypotheses 
include a night autonomic nerve disorder, which is 
beneficial to sympathetic hyperactivity, baroreceptor 
sensitivity change [24], increased myocardial 
repolarization [25], increased salt sensitivity or renal 
dysfunction, nocturnal overload capacity [26], need for 
a higher BP to maintain a natriuretic night, sleep apnea 
or poor sleep quality, high aldosteronism state, 
increased arterial stiffness[27], chronic low-grade 
inflammation, endothelial dysfunction, and orthostatic 
hypotension in the day [28]. The pathophysiological 
mechanism of the poor prognostic effect of extreme tilt 
mode according to the antihypertensive state is 
completely unknown, but we speculate that it might 
include orthostatic hypertension, an exaggerated BP 
surge in the morning, BP variability increases, or 

increased hardening of the arteries [29, 30]. These 
might be partly attenuated by antihypertensive 
treatment. 
 
A change in nighttime BP means an abnormal circadian 
rhythm of BP. The abnormal circadian rhythm itself 
does not cause symptoms or signs and it is difficult to 
detect with routine measures. For hypertensive patients, 
an analysis of their BP circadian rhythm can better 
identify information related to the occurrence of organ 
damage and clarify the relationship between BP 
biological rhythm and organ damage. Therefore, the 
ABPM becomes an important tool for monitoring the 
occurrence and development of early renal function 
injury. The ABPM can be used to detect patients with 
high-filtration renal damage and hypertension to guide 
drug treatment to treat and prevent the progress of 
CKD. The application of 24-hour dynamic BP 
monitoring should improve the diagnosis of early renal 
damage, and nighttime BP monitoring may become an 
important indicator of the occurrence and development 
of hypertensive renal damage. In addition, restoring the 
circadian rhythm of BP is as important as controlling 
the average BP, which is the goal of standard 
hypertension treatment and reduces the incidence of 
cardiovascular and cerebrovascular complications. 
 
The main strength of our study was that we evaluated 
the 24-hour ambulatory BP, which might be a better 
measure of BP than the office BP used in other studies. 

 
 

Figure 4. Restricted cubic spline plot of risk of rapid eGFR decline from nighttime mean BP decline rate>0. A positive 
rate of change means that the night BP declined and this decline reduced the odds ratio of renal injury during follow-up. 
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The ABPM enables more accurate BP measurement. 
We were also able to adjust the analyses for important 
determinants of BP, such as physical activity, drug use, 
and hemoglobin concentration, to reduce potential 
confounding. Finally, we excluded patients with severe 
cardiovascular diseases, such as heart failure, to reduce 
their possible influence. The main limitation of the 
study was that the GFR was estimated using a formula 
instead of using the iohexol clearance, which excludes 
confounding from non-GFR-related factors. The 
inclusion of only a Chinese population limits the 
generalizability of our results to other ethnic and age 
groups. For the nighttime BP decline rate, a repeated 
renal function examination might have better validated 
our results. Causality cannot be obtained from an 
observational study and further research to determine 
the mechanism is required. 
 
In conclusion, the nighttime BP decline rate was an 
independent predictor of renal function injury in 
patients with hypertension. The nighttime BP should be 
considered when building risk prediction models for 
renal function decline in hypertension. Future studies 
should explore the specific mechanism of this 
relationship. 
 
MATERIALS AND METHODS 
 
Study population 
 
This was a single-center, retrospective cohort study of 
data from the Department of Cardiology, the First 
Affiliated of Hospital of Zhengzhou University. This 
study analyzed primary hypertensive patients who were 
admitted to the hypertension ward or seen as outpatients 
from November 2007 to October 2009. Hypertension 
was defined as a systolic BP (SBP) ≥ 140 mmHg, 
diastolic BP (DBP) ≥ 90 mmHg, or previous use of an 
anti-hypertensive drug. The baseline glomerular 
filtration rate (GFR) was measured by the estimation 
method between 2007 and 2009 and follow-up GFR 
was obtained between 2013 and 2015. Patients with 
myocardial infarction, stroke, heart failure cancer, 
systemic inflammatory disease, hematological disorder, 
and serious neurological disease were excluded. The 
study enrolled 1,042 patients between the ages of 30 
and 75 years old with baseline and follow-up GFR 
measurements after excluding 23 subjects who had died. 
The median observation time was 5.8 years. This study 
was approved by the Ethics Committee of the First 
Affiliated Hospital of Zhengzhou University. The 
research was conducted in accordance with the World 
Medical Association Declaration of Helsinki, and all 
subjects provided informed consent. 
 

Data collection 
 
General information 
The data collected included demographic and laboratory 
results at baseline and follow-up. A health questionnaire 
asked about age, gender, weight, height, waist 
circumference, comorbidity, smoking, drinking, and 
physical exercise (three categories: never, low intensity, 
high intensity) [31]. Antihypertensive medications were 
obtained from the medical records. Smoking was 
defined as current smoking or smoked daily previously. 
Drinking was defined as >2 times a month [32, 33]. 
 
24-Hour ambulatory BP measurements 
At inclusion, the SBP and DBP of each patient were 
measured automatically every 20 minutes between 6:00 
and 21:59 and every 30 minutes from 22:00 to 5:59 for 
24 consecutive hours with a calibrated Space Labs 
90207 ambulatory BP monitor (ABPM; Space Labs, 
Issaquah, WA, USA). The 24-hour average SBP and 
DBP were determined (all time points averaged). A BP 
series was considered invalid for analysis if ≥ 30% of 
the measurements were missing, if data were lacking for 
an interval > 2 hours, if data were obtained while the 
patients had an irregular rest–activity schedule during 
the 2 days of monitoring, or if the nighttime sleep 
period was < 6 or > 12 hours during the ABPM 
measurements. The nighttime BP decline rate was 
defined as [(day mean/systolic/diastolic BP) − (night 
mean/systolic/diastolic BP)] / (day mean/systolic/ 
diastolic BP). A negative rate of change means that the 
night BP increased. The mean arterial pressure was 
estimated as the diastolic BP plus one-third of the pulse 
pressure. 
 
Biochemical examination 
We calculated the GFR using the modified MDRD 
equation [34]. The rate of GFR change was calculated 
as the (follow-up eGFR-baseline eGFR)/time (between 
two measurements). A negative change in the estimated 
GFR (eGFR) indicated a decline in renal function. 
Hematological parameters were measured on an 
automated hematology analyzer. Serum creatinine (sCr) 
was measured using the Jaffe rate-blanked compensated 
creatinine assay. The fasting blood glucose, sCr, uric 
acid, urinary albumin–creatinine ratio, blood urea 
nitrogen (BUN), routine hematology examination (red 
blood cells [RBC], white blood cells [WBC], 
hemoglobin, red cell distribution width, and platelet 
count), high-sensitivity C-reactive protein (hs-CRP), 
alanine aminotransferase (ALT), aspartate transaminase 
(AST), aldosterone, angiotensin II, plasma renin 
activity, and fasting serum lipid status, including total 
cholesterol, low-density lipoprotein (LDL), high-density 
lipoprotein (HDL), and triglyceride levels, were also 
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recorded. Body mass index (BMI) was calculated as 
weight (kg) divided by height squared (m2). 
 
Statistical analysis 
 
The study population was divided into two groups 
according to the nighttime BP decline rate using a 
cutoff of 9.42%. For continuous variables, mean ± 
standard deviation or median (minimum and maximum) 
was used for statistical descriptions. Differences 
between groups were tested using the independent-
samples t-test or Wilcoxon rank-sum test. Categorical 
variables were expressed as counts and percent, and the 
χ2 test was used to examine differences. Pearson’s 
correlation coefficient with a scatterplot was calculated 
to assess the relationship between the eGFR decline rate 
and nighttime BP decline rate. Missing baseline data 
was input using multiple imputation. We used two 
approaches to explore the influence of the nighttime BP 
decline rate on the eGFR decline. First, a mixed linear 
model was used with eGFR (continuous variable) as the 
dependent variable. Second, eGFR was categorized as a 
dichotomous variable using the mean eGFR decline rate 
as a cut-off and logistic regression was used. Both the 
mixed linear and logistic regression models adjusted for 
several factors. Three models were used: Model 1 
adjusted for baseline GFR, sex, age, BMI, waist 
circumstance, smoking, drinking, physical exercise, and 
medication usage (β-blockers, ACE inhibitors, A2 
blockers, calcium blockers, diuretics, and lipid-lowering 
medication); Model 2 adjusted for the parameters in 
Model 1 and triglyceride-cholesterol, LDL-cholesterol, 
total cholesterol, fasting glucose, postprandial glucose, 
sCr, uric acid, urinary albumin-creatinine ratio, BUN, 
ALT, AST, WBC, RBC, hemoglobin, red cell 
distribution width, platelet count, office mean BP, and 
24-h mean BP; Model 3 adjusted for the parameters in 
Model 2 plus hs-CRP, plasma renin activity, 
aldosterone, and angiotensin II. The missing values 
were recorded, and the rate missing was less than 2% 
(Supplementary Material). We also used restricted cubic 
plots to investigate the influence of the BP decline rate 
on the eGFR decline. All statistical analyses were 
conducted using SAS 9.3 (SAS, Cary, NC, USA). P < 
0.05 was considered statistically significant. 
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renal disease; SBP: systolic blood pressure; DBP: 
diastolic blood pressure; GFR: glomerular filtration 
rate; LDL-C: low-density lipoprotein; HDL-C: high-
density lipoprotein; ALT: alanine aminotransferase; 
AST: aspartate aminotransferase; ABPM: ambulatory 
blood pressure monitoring. 

AUTHOR CONTRIBUTIONS 
 
CD designed this study and contributed substantially to 
the design of the search strategy. TY and LHY 
performed the analysis and interpreted the data. LYP 
wrote the manuscript. CD critically reviewed the 
manuscript. SHQ participated in the data extraction and 
critically revised it. CD and TY proofread the final 
version. All authors read and approved the final 
manuscript. 
 
CONFLICTS OF INTEREST 
 
Authors disclosed no potential conflicts of interest. 
 

REFERENCES 
 

1. Cooper RS, Kaufman JS, Bovet P. Global burden of 
disease attributable to hypertension. JAMA. 2017; 
317:2017–18. 
https://doi.org/10.1001/jama.2017.4213 
PMID:28510671 

2. Di Chiara T, Scaglione A, Corrao S, Argano C, Pinto A, 
Scaglione R. Education and hypertension: impact on 
global cardiovascular risk. Acta Cardiol. 2017; 
72:507–13. 
https://doi.org/10.1080/00015385.2017.1297626 
PMID:28657499 

3. O’Brien E. The Lancet Commission on hypertension: 
addressing the global burden of raised blood 
pressure on current and future generations. J Clin 
Hypertens (Greenwich). 2017; 19:564–68.  
https://doi.org/10.1111/jch.12998 PMID:28560771 

4. Xie Y, Bowe B, Mokdad AH, Xian H, Yan Y, Li T, 
Maddukuri G, Tsai CY, Floyd T, Al-Aly Z. Analysis of 
the Global Burden of Disease study highlights the 
global, regional, and national trends of chronic 
kidney disease epidemiology from 1990 to 2016. 
Kidney Int. 2018; 94:567–81.  
https://doi.org/10.1016/j.kint.2018.04.011 
PMID:30078514 

5. Fouque D, Roth H, Darné B, Bouchet JL, Daugas E, 
Drüeke TB, Hannedouche T, Jean G, London GM. 
Achievement of 2009 and 2017 Kidney Disease: 
improving Global Outcomes mineral and bone 
targets and survival in a French cohort of chronic 
kidney disease Stages 4 and 5 non-dialysis patients. 
Clin Kidney J. 2018; 11:710–19.  
https://doi.org/10.1093/ckj/sfy015 PMID:30288267 

6. Sircana A, De Michieli F, Parente R, Framarin L, 
Leone N, Berrutti M, Paschetta E, Bongiovanni D, 
Musso G. Gut Microbiota, Hypertension and Chronic 

https://doi.org/10.1001/jama.2017.4213
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28510671&dopt=Abstract
https://doi.org/10.1080/00015385.2017.1297626
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28657499&dopt=Abstract
https://doi.org/10.1111/jch.12998
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28560771&dopt=Abstract
https://doi.org/10.1016/j.kint.2018.04.011
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30078514&dopt=Abstract
https://doi.org/10.1093/ckj/sfy015
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30288267&dopt=Abstract


www.aging-us.com 4319 AGING 

kidney Disease: recent advances. Pharmacol Res. 
2018 Jan 26. [Epub ahead of print]. 
https://doi.org/10.1016/j.phrs.2018.01.013 
PMID:29378252 

7. Park CS, An GH, Kim YW, Park YJ, Kim MJ, Cho EJ, Ihm 
SH, Jung HO, Kim HY, Jeon HK, Youn HJ, Kim JH. 
Evaluation of the relationship between circadian 
blood pressure variation and left atrial function using 
strain imaging. J Cardiovasc Ultrasound. 2011; 
19:183–91. 
https://doi.org/10.4250/jcu.2011.19.4.183 
PMID:22259661 

8. Devereux RB, Pickering TG, Harshfield GA, Kleinert 
HD, Denby L, Clark L, Pregibon D, Jason M, Kleiner B, 
Borer JS, Laragh JH. Left ventricular hypertrophy in 
patients with hypertension: importance of blood 
pressure response to regularly recurring stress. 
Circulation. 1983; 68:470–76.  
https://doi.org/10.1161/01.CIR.68.3.470 
PMID:6223721 

9. Verdecchia P, Schillaci G, Guerrieri M, Gatteschi C, 
Benemio G, Boldrini F, Porcellati C. Circadian blood 
pressure changes and left ventricular hypertrophy in 
essential hypertension. Circulation. 1990; 81:528–
36. https://doi.org/10.1161/01.CIR.81.2.528 
PMID:2137047 

10. Yano Y, Kario K. Nocturnal blood pressure and 
cardiovascular disease: a review of recent advances. 
Hypertens Res. 2012; 35:695–701.  
https://doi.org/10.1038/hr.2012.26 PMID:22378470 

11. Sega R, Facchetti R, Bombelli M, Cesana G, Corrao G, 
Grassi G, Mancia G. Prognostic value of ambulatory 
and home blood pressures compared with office 
blood pressure in the general population: follow-up 
results from the Pressioni Arteriose Monitorate e 
Loro Associazioni (PAMELA) study. Circulation. 2005; 
111:1777–83. 
https://doi.org/10.1161/01.CIR.0000160923.04524.5
B PMID:15809377 

12. Cuspidi C, Facchetti R, Bombelli M, Sala C, Negri F, 
Grassi G, Mancia G. Nighttime blood pressure and 
new-onset left ventricular hypertrophy: findings 
from the Pamela population. Hypertension. 2013; 
62:78–84. 
https://doi.org/10.1161/HYPERTENSIONAHA.111.00
682 PMID:23690347 

13. Hansen TW, Li Y, Boggia J, Thijs L, Richart T, Staessen 
JA. Predictive role of the nighttime blood pressure. 
Hypertension. 2011; 57:3–10.  
https://doi.org/10.1161/HYPERTENSIONAHA.109.13
3900 PMID:21079049 

14. Ishikawa J, Shimizu M, Hoshide S, Eguchi K, Pickering 
TG, Shimada K, Kario K. Cardiovascular risks of 
dipping status and chronic kidney disease in elderly 
Japanese hypertensive patients. J Clin Hypertens 
(Greenwich). 2008; 10:787–94.  
https://doi.org/10.1111/j.1751-7176.2008.00018.x 
PMID:19090880 

15. Salles GF, Reboldi G, Fagard RH, Cardoso CR, 
Pierdomenico SD, Verdecchia P, Eguchi K, Kario K, 
Hoshide S, Polonia J, de la Sierra A, Hermida RC, 
Dolan E, et al, and ABC-H Investigators. Prognostic 
effect of the nocturnal blood pressure fall in 
hypertensive patients: the ambulatory blood 
pressure collaboration in patients with hypertension 
(ABC-H) meta-analysis. Hypertension. 2016; 67:693–
700. 
https://doi.org/10.1161/HYPERTENSIONAHA.115.06
981 PMID:26902495 

16. Verdecchia P. Prognostic value of ambulatory blood 
pressure: current evidence and clinical implications. 
Hypertension. 2000; 35:844–51.  
https://doi.org/10.1161/01.HYP.35.3.844 
PMID:10720605 

17. O’Brien E, Sheridan J, O’Malley K. Dippers and non-
dippers. Lancet. 1988; 2:397.  
https://doi.org/10.1016/S0140-6736(88)92867-X 
PMID:2899801 

18. Bastos JM, Bertoquini S, Polónia J. Prognostic value 
of subdivisions of nighttime blood pressure fall in 
hypertensives followed up for 8.2 years. Does 
nondipping classification need to be redefined? J Clin 
Hypertens (Greenwich). 2010; 12:508–15.  
https://doi.org/10.1111/j.1751-7176.2010.00291.x 
PMID:20629813 

19. Hermida RC, Ayala DE, Mojón A, Fernández JR. 
Influence of circadian time of hypertension 
treatment on cardiovascular risk: results of the 
MAPEC study. Chronobiol Int. 2010; 27:1629–51. 
https://doi.org/10.3109/07420528.2010.510230 
PMID:20854139 

20. Fagard RH, Celis H, Thijs L, Staessen JA, Clement DL, 
De Buyzere ML, De Bacquer DA. Daytime and 
nighttime blood pressure as predictors of death and 
cause-specific cardiovascular events in hypertension. 
Hypertension. 2008; 51:55–61.  
https://doi.org/10.1161/HYPERTENSIONAHA.107.10
0727 PMID:18039980 

21. Li Y, Deng Q, Li H, Ma X, Zhang J, Peng H, Wang C, 
Lou T. Prognostic value of nighttime blood pressure 
load in Chinese patients with nondialysis chronic 
kidney disease. J Clin Hypertens (Greenwich). 2017; 

https://doi.org/10.1016/j.phrs.2018.01.013
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29378252&dopt=Abstract
https://doi.org/10.4250/jcu.2011.19.4.183
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22259661&dopt=Abstract
https://doi.org/10.1161/01.CIR.68.3.470
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6223721&dopt=Abstract
https://doi.org/10.1161/01.CIR.81.2.528
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2137047&dopt=Abstract
https://doi.org/10.1038/hr.2012.26
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22378470&dopt=Abstract
https://doi.org/10.1161/01.CIR.0000160923.04524.5B
https://doi.org/10.1161/01.CIR.0000160923.04524.5B
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15809377&dopt=Abstract
https://doi.org/10.1161/HYPERTENSIONAHA.111.00682
https://doi.org/10.1161/HYPERTENSIONAHA.111.00682
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23690347&dopt=Abstract
https://doi.org/10.1161/HYPERTENSIONAHA.109.133900
https://doi.org/10.1161/HYPERTENSIONAHA.109.133900
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21079049&dopt=Abstract
https://doi.org/10.1111/j.1751-7176.2008.00018.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19090880&dopt=Abstract
https://doi.org/10.1161/HYPERTENSIONAHA.115.06981
https://doi.org/10.1161/HYPERTENSIONAHA.115.06981
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26902495&dopt=Abstract
https://doi.org/10.1161/01.HYP.35.3.844
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10720605&dopt=Abstract
https://doi.org/10.1016/S0140-6736(88)92867-X
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2899801&dopt=Abstract
https://doi.org/10.1111/j.1751-7176.2010.00291.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20629813&dopt=Abstract
https://doi.org/10.3109/07420528.2010.510230
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20854139&dopt=Abstract
https://doi.org/10.1161/HYPERTENSIONAHA.107.100727
https://doi.org/10.1161/HYPERTENSIONAHA.107.100727
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18039980&dopt=Abstract


www.aging-us.com 4320 AGING 

19:890–98. https://doi.org/10.1111/jch.13017 
PMID:28480628 

22. Ruiz-Hurtado G, Ruilope LM, de la Sierra A, Sarafidis 
P, de la Cruz JJ, Gorostidi M, Segura J, Vinyoles E, 
Banegas JR. Association between high and very high 
albuminuria and nighttime blood pressure: influence 
of diabetes and chronic kidney disease. Diabetes 
Care. 2016; 39:1729–37.  
https://doi.org/10.2337/dc16-0748 PMID:27515965 

23. Fagard RH. Dipping pattern of nocturnal blood 
pressure in patients with hypertension. Expert Rev 
Cardiovasc Ther. 2009; 7:599–605.  
https://doi.org/10.1586/erc.09.35 PMID:19505275 

24. Grassi G, Seravalle G, Quarti-Trevano F, Dell’Oro R, 
Bombelli M, Cuspidi C, Facchetti R, Bolla G, Mancia 
G. Adrenergic, metabolic, and reflex abnormalities in 
reverse and extreme dipper hypertensives. 
Hypertension. 2008; 52:925–31.  
https://doi.org/10.1161/HYPERTENSIONAHA.108.11
6368 PMID:18779438 

25. Myredal A, Friberg P, Johansson M. Elevated 
myocardial repolarization lability and arterial 
baroreflex dysfunction in healthy individuals with 
nondipping blood pressure pattern. Am J Hypertens. 
2010; 23:255–59.  
https://doi.org/10.1038/ajh.2009.252 
PMID:20075850 

26. Fukuda M, Uzu T, Kimura G. Duration until nighttime 
blood pressure fall indicates excess sodium 
retention. Chronobiol Int. 2012; 29:1412–17. 
https://doi.org/10.3109/07420528.2012.728663 
PMID:23130664 

27. Matthews KA, Kamarck TW, H Hall M, Strollo PJ, 
Owens JF, Buysse DJ, Lee L, Reis SE. Blood pressure 
dipping and sleep disturbance in African-American 
and Caucasian men and women. Am J Hypertens. 
2008; 21:826–31.  
https://doi.org/10.1038/ajh.2008.183 
PMID:18483473 

28. Satoh M, Hosaka M, Asayama K, Kikuya M, Inoue R, 
Metoki H, Utsugi MT, Hara A, Hirose T, Obara T, Mori 
T, Totsune K, Hoshi H, et al. Aldosterone-to-renin 
ratio and nocturnal blood pressure decline assessed 
by self-measurement of blood pressure at home: the 
Ohasama Study. Clin Exp Hypertens. 2014; 36:108–

14. https://doi.org/10.3109/10641963.2014.892121 
PMID:24625338 

29. Kario K, Eguchi K, Nakagawa Y, Motai K, Shimada K. 
Relationship between extreme dippers and 
orthostatic hypertension in elderly hypertensive 
patients. Hypertension. 1998; 31:77–82.  
https://doi.org/10.1161/01.HYP.31.1.77 
PMID:9449395 

30. Kario K. Orthostatic hypertension-a new 
haemodynamic cardiovascular risk factor. Nat Rev 
Nephrol. 2013; 9:726–38.  
https://doi.org/10.1038/nrneph.2013.224 
PMID:24189649 

31. Melsom T, Mathisen UD, Eilertsen BA, Ingebretsen 
OC, Jenssen T, Njølstad I, Solbu MD, Toft I, Eriksen 
BO. Physical exercise, fasting glucose, and renal 
hyperfiltration in the general population: the Renal 
Iohexol Clearance Survey in Tromsø 6 (RENIS-T6). 
Clin J Am Soc Nephrol. 2012; 7:1801–10. 
https://doi.org/10.2215/CJN.02980312 
PMID:22917703 

32. Song J, Zhang H, Zhou H, Li T, Deng Y. [Association 
between polymorphism of ATP2B1 gene, its 
interaction with smoking and essential hypertension 
-a case-control study]. Zhonghua Liu Xing Bing Xue 
Za Zhi. 2014; 35:588–92. [Article in Chinese] 
https://doi.org/10.3760/cma.j.issn.0254-
6450.2014.05.027 PMID:25059375 

33. Eriksen BO, Mathisen UD, Melsom T, Ingebretsen 
OC, Jenssen TG, Njølstad I, Solbu MD, Toft I. The role 
of cystatin C in improving GFR estimation in the 
general population. Am J Kidney Dis. 2012; 59:32–
40. https://doi.org/10.1053/j.ajkd.2011.09.001 
PMID:22001180 

34. Ma YC, Zuo L, Chen JH, Luo Q, Yu XQ, Li Y, Xu JS, 
Huang SM, Wang LN, Huang W, Wang M, Xu GB, 
Wang HY. Modified glomerular filtration rate 
estimating equation for Chinese patients with 
chronic kidney disease. J Am Soc Nephrol. 2006; 
17:2937–44. 
https://doi.org/10.1681/ASN.2006040368 
PMID:16988059 
 

. 

  

https://doi.org/10.1111/jch.13017
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28480628&dopt=Abstract
https://doi.org/10.2337/dc16-0748
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27515965&dopt=Abstract
https://doi.org/10.1586/erc.09.35
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19505275&dopt=Abstract
https://doi.org/10.1161/HYPERTENSIONAHA.108.116368
https://doi.org/10.1161/HYPERTENSIONAHA.108.116368
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18779438&dopt=Abstract
https://doi.org/10.1038/ajh.2009.252
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20075850&dopt=Abstract
https://doi.org/10.3109/07420528.2012.728663
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23130664&dopt=Abstract
https://doi.org/10.1038/ajh.2008.183
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18483473&dopt=Abstract
https://doi.org/10.3109/10641963.2014.892121
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24625338&dopt=Abstract
https://doi.org/10.1161/01.HYP.31.1.77
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9449395&dopt=Abstract
https://doi.org/10.1038/nrneph.2013.224
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24189649&dopt=Abstract
https://doi.org/10.2215/CJN.02980312
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22917703&dopt=Abstract
https://doi.org/10.3760/cma.j.issn.0254-6450.2014.05.027
https://doi.org/10.3760/cma.j.issn.0254-6450.2014.05.027
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25059375&dopt=Abstract
https://doi.org/10.1053/j.ajkd.2011.09.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22001180&dopt=Abstract
https://doi.org/10.1681/ASN.2006040368
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16988059&dopt=Abstract


www.aging-us.com 4321 AGING 

SUPPLEMENTARY MATERIAL 
 
 
Table S1. Univariate logistic regression of GFR change. 

Parameters Beta SE Waldχ2 P OR 95%CI 
age 0.046 0.008 31.655 <0.0001 1.05 1.03 1.06 
sex 0.169 0.128 1.749 0.186 1.18 0.92 1.52 
BMI, kg/m2 -0.064 0.019 12.073 0.001 0.94 0.90 0.97 
Waist circumference 0.002 0.007 0.093 0.761 1.00 0.99 1.02 
Smoking 2.265 0.260 75.909 <0.0001 9.63 5.79 16.03 
Drinking 0.017 0.086 0.038 0.845 1.02 0.86 1.20 
Physical exercise 0.013 0.019 0.487 0.485 1.01 0.98 1.05 
Triglyceride, mmol/dL -0.032 0.119 0.073 0.788 0.97 0.77 1.22 
LDL-cholesterol, mmol/dL 0.115 0.075 2.381 0.123 1.12 0.97 1.30 
HDL-cholesterol, mmol/dL -1.016 0.290 12.319 0.000 0.36 0.21 0.64 
Total cholesterol, mmol/dL 0.104 0.009 6.345 0.012 1.11 1.09 1.13 
Fasting glucose, mmol/dL 0.097 0.095 1.041 0.308 1.10 0.92 1.33 
Postprandial glucose, mmol/dL 0.023 0.043 0.292 0.589 1.02 0.94 1.11 
Uric acid, mmol/L 0.028 0.005 33.296 <0.0001 1.03 1.02 1.04 
Urinary albumin-creatinine ratio, 
mg/mmol 0.002 0.001 3.046 0.081 1.00 1.00 1.01 

Urinary albumin-creatinine ratio, 
mg/mmol 0.024 0.003 83.979 <0.0001 1.02 1.02 1.03 

Blood urea nitrogen, mmol/L 0.211 0.057 13.978 0.000 1.24 1.11 1.38 
ALT, U/L -0.005 0.003 3.249 0.072 1.00 0.99 1.00 
AST, U/L -0.002 0.006 0.118 0.731 1.00 0.99 1.01 
White blood cell, ×109 0.00513 0.0446 0.0133 0.9083 1.005 0.921 1.097 
Red blood cell, ×1012 -0.1928 0.1696 1.2922 0.2557 0.825 0.591 1.15 
Hemoglobin, g/L -0.00225 0.00495 0.2074 0.6488 0.998 0.988 1.007 
Red cell distribution width, % -0.0416 0.0902 0.2126 0.6447 0.959 0.804 1.145 
Platelet count, ×109 -0.00307 0.00149 4.2283 0.0398 0.997 0.994 1 
High-sensitive CRP, mg/L 0.0172 0.0138 1.5479 0.2134 1.017 0.99 1.045 
Plasma renin activity, ug/lh 0.00873 0.00255 11.6796 0.0006 1.009 1.004 1.014 
Aldosterone, mol/L 0.2205 1.4457 0.0233 0.8787 1.247 0.073 21.2 
Angiotensin II -0.00888 0.00659 1.8169 0.1777 0.991 0.978 1.004 
β-blocker 0.4445 0.0824 29.075 <0.0001 1.56 1.327 1.833 
ACE inhibitor -0.012 0.005 6.465 0.011 0.99 0.98 1.00 
A2 blocker -0.203 0.085 5.730 0.017 0.82 0.69 0.96 
Calcium blocker -0.607 0.305 3.967 0.046 0.55 0.30 0.99 
Diuretic 0.038 0.073 0.280 0.597 1.04 0.90 1.20 
Lipid-lowering medication -0.031 0.003 83.094 <0.0001 0.97 0.96 0.98 
Baseline eGFR -1.5916 0.0769 428.5499 <0.0001 0.204 0.175 0.237 
Office HR 0.014 0.005 7.241 0.007 1.01 1.00 1.03 
Ofice SBP -0.003 0.007 0.187 0.666 1.00 0.98 1.01 
Office DBP 0.019 0.006 10.679 0.001 1.02 1.01 1.03 
Day HR -0.002 0.006 0.192 0.661 1.00 0.99 1.01 
Day mean SBP -0.015 0.007 4.482 0.034 0.99 0.97 1.00 
Day meanDBP 0.011 0.007 2.458 0.117 1.01 1.00 1.02 
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Nighttime HR 0.078 0.007 133.588 <0.0001 1.08 1.07 1.10 
Nighttime mean SBP 0.089 0.008 119.944 <0.0001 1.09 1.08 1.11 
Nighttime mean DBP 0.034 0.007 21.862 <0.0001 1.03 1.02 1.05 
night SBP decline rate -0.348 0.021 264.998 <0.0001 0.71 0.68 0.74 
night DBP decline rate -0.012 0.007 2.699 0.100 0.99 0.98 1.00 
Nighttime BP decline rate 0.443 0.156 8.092 0.004 1.56 1.15 2.11 
 
 
 
Table S2. Missing baseline parameters in the study. 

Parameters N (%) 

Smoking 4(0.38) 
Drinking 8(0.77) 
Triglyceride, mmol/dL 9(0.86) 
LDL-cholesterol, mmol/dL 10(0.96) 
HDL-cholesterol, mmol/dL 10(0.96) 
Total cholesterol, mmol/dL 10(0.96) 
Fasting glucose, mmol/dL 18(1.73) 
Postprandial glucose, mmol/dL 18(1.44) 
Uric acid, mmol/L 15(1.92) 
Urinary albumin-creatinine ratio, mg/mmol 20(1.92) 
Blood urea nitrogen, mmol/L 20(1.92) 
ALT, U/L 13(1.25) 
AST, U/L 13(1.25) 
Hemoglobin, g/L 10(0.96) 
High-sensitive CRP, mg/L 16(1.54) 
Plasma renin activity, ug/lh 17(1.63) 
Aldosterone, mol/L 17(1.63) 
 
 
 


