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Background-—Isolated nocturnal hypertension (INH) has been studied among the general population and hypertensive patients.
However, little insight is available on the prevalence of INH and its role in target-organ damage among patients with chronic kidney
disease (CKD).

Methods and Results-—We recruited 1282 CKD patients admitted to our hospital division. Patients were divided into 4 groups:
INH; isolated daytime hypertension; day–night sustained; and ambulatory normotension. Multiple linear regression analyses were
used to evaluate the correlation between INH and renal/cardiovascular parameters. A total of 262 (20.44%) CKD patients had
isolated nocturnal hypertension and 651 (50.78%) had day–night sustained hypertension, whereas only 350 (27.30%) patients
showed normotension and 19 (1.48%) had isolated daytime hypertension. Multivariate logistic regression analysis showed that INH
was associated mainly with age, estimated glomerular filtration rate, clinic diastolic blood pressure, and that INH was determined
only by age, estimated glomerular filtration rate, and clinic diastolic blood pressure. The prevalence of impaired renal function, left
ventricular hypertrophy, and carotid intima-media thickness in patients with INH were higher than in normotensive patients
(P<0.05), whereas impaired renal function and left ventricular hypertrophy in these patients were lower than patients in the day–
night sustained hypertension group (P<0.05). INH was correlated with estimated glomerular filtration rate, left ventricular mass
index, and carotid intima-media thickness according to multiple linear regression analyses.

Conclusions-—The prevalence of INH in CKD patients was high, and INH was correlated with target-organ damage in CKD patients.
( J Am Heart Assoc. 2015;4:e002025 doi: 10.1161/JAHA.115.002025)
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C hronic kidney disease (CKD) is a global public-health
problem. Despite widespread use of interventions to

slow the progression of CKD, the burden of end-stage renal
disease in many industrialized countries remains signifi-
cant.1,2 CKD has also become an important public-health
problem in China. According to 1 survey, the prevalence of
CKD in China is 10.8%, so the number of patients with CKD in
China is �119.5 million.3 The prevalence of hypertension in
patients with CKD is considerably higher than that in the
normal, healthy population, and escalates with a decline in

renal function. Elevated blood pressure (BP) causes injury to
blood vessels in the kidney and other organs through
excessive mechanical and oxidative stresses,4 which can lead
to complications such as renal failure and cardiovascular
disease.5 Hypertension is an important modifiable risk factor
for such complications,6 so regulation of BP may substantially
reduce the risk of cardiovascular events and slow the decline
in kidney function.7

Recent evidence suggests that ambulatory blood pressure
monitoring (ABPM) might be the best tool to classify
hypertensive status and the risk of adverse events.8,9 ABPM
has increased the ability to identify circadian variations in BP
and identify types of hypertension, most notably isolated
nocturnal hypertension (INH). The superiority of nighttime BP
levels as captured by ABPM, rather than daytime or clinic
values of BP, for predicting target-organ damage or cardio-
vascular disease development in hypertensive patients has
been reported.10,11

INH was identified first in 2007 by Li et al. They reported a
prevalence of 10.9% in a Chinese cohort of >600 participants,
and these patients had more severe target-organ damage.12

Patients with INH had a higher risk of all-cause (hazard ratio,
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1.29; P=0.045) and cardiovascular event (1.38; 0.037) in
unadjusted analyses.8 INH was called “a masked disease in
the dark” because it could be diagnosed only by ABPM, the
use of which is limited.13

Compared with other patients, patients with CKD have
special features. Firstly, they are the highest risk group for
cardiovascular events.14 Secondly, the prevalence of hyper-
tension and nocturnal hypertension is predominant and
increases with decline in renal function based on the key
role of the kidney in BP regulation.15 Thirdly, the primary
cause of CKD in China is glomerular nephritis and not
diabetes mellitus (DM), as is the case in Western countries16.

Previously, we reported that CKD patients had a higher
prevalence of nondipper and reversed-dipper BP patterns,
which suggested a higher prevalence of nocturnal hyperten-
sion in CKD patients.16 However, data on the “true” preva-
lence of INH in Chinese patients with CKD are lacking.

In the present study, we undertook 24-hour BP monitoring
among CKD patients. Then, we comprehensively examined the
prevalence of INH in CKD patients. We also explored with
clinical parameters that were correlated with INH.

Materials and Methods

Study Population
The study protocol was approved by the ethics committee of
the Third Hospital of Sun Yat-Sen University (Guangdong,
China), and was approved by the Institutional Review Board.
All of the study participants provided written informed
consent to be included in the study.

Inclusion criteria were age 14 to 75 years and CKD
patients. Exclusion criteria were the following: undergoing
treatment with corticosteroids or hormones; acute changes
in the estimated glomerular filtration rate (eGFR) >30% in
the previous 3 months; pregnancy; history of abuse of
drugs or alcohol; night work or shift-work employment;
acquired immunodeficiency syndrome; cardiovascular disor-
ders (unstable angina pectoris, heart failure, life-threatening
arrhythmia, atrial fibrillation, and grade III to IV retinopathy);
intolerance to ABPM; inability to communicate and comply
with all of the study requirements; on maintenance dialysis;
and being in receipt of any antihypertensive drug in the
previous month.

From May 2010 to October 2014, 1740 consecutive CKD
inpatients formed the cohort for this cross-sectional study. A
total of 337 patients were ruled out because they had
undergone some type of antihypertensive treatment. One
hundred twenty-one patients were excluded due to deficiency
of clinical or ultrasonographic data. Finally, 1282 CKD
patients were enrolled in this study. In terms of causes of
renal diseases, 723 patients had chronic glomerulonephritis;

165 cases had diabetic nephropathy; 65 subjects had
hypertensive nephropathy; 95 individuals had lupus nephritis;
and 234 patients had other causes of renal disease (Figure 1).

Measurements

Ambulatory blood pressure monitoring

Patients underwent 24-hour ABPM using a TM-2430 Monitor
(A&D, Tokyo, Japan). Cuff size was chosen based on arm
circumference and was applied to the nondominant arm.
Three clinic readings were collected. BP readings were
obtained using a mercury sphygmomanometer by a physician
who did not have access to ABP values, then BP was recorded
every 15 minutes in daytime, and every 30 minutes in
nighttime. Monitoring was done on a working day. Patients
were asked to attend to their usual activities but to keep
motionless at the time of measurement. Patients had no
access to ABP values. Strenuous physical activity was
discouraged in all patients during the monitoring period, and
their daily activities were comparable. BP series were
eliminated from the analyses if any of the following applied:
>30% of the measurements were lacking; they had missing
data for >3-hour spans; they were collected from subjects
who were experiencing an irregular rest–activity schedule or a
nighttime sleep span <6 or >12 hours during monitoring.

BP measurement in the clinic

BP was measured for each patient during a visit to the
physician.17 Briefly, measurements were taken in a quiet
environment using a mercury sphygmomanometer with the
patient in a sitting position after 5 minutes of rest. BP was not
measured if the patient had consumed tobacco, ingested
caffeine, or eaten within the previous 30 minutes. Systolic
blood pressure (SBP) and diastolic blood pressure (DBP)
values (Korotkoff’s phase I and phase V, respectively) at each
visit enabled recording of a minimum of 3 BP measurements
at intervals of ≥1 minutes. Reported values of clinic BP were
the mean of values recorded during the 2 days in which the
ABPM device was installed and removed. For all patients,
sphygmomanometric measurements were recorded by the
same physician, who was not aware of the results of ABP
recordings.

Cardiac assessment

Cardiac structure was assessed by 2 investigators trained for
this purpose before starting the study. Left ventricular mass
(LVM), systolic function, and diastolic function were assessed
using 2-dimensional echocardiography. Linear measurements
of end-diastolic interventricular septal wall thickness (IVSd),
end-diastolic left ventricular internal dimension (LVIDd), and
end-diastolic posterior wall thickness (PWTd) were obtained
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from M-mode tracings. LVM was calculated using the following
formula18:

LVM ¼ f1:04� ðIVSdþ LVIDdþ PWTdÞ3 � LVIDd3g
� 0:8þ 0:6

The left ventricular mass index (LVMI) was obtained by
calculating the ratio of LVM to body surface area.19

Carotid ultrasonography

Carotid intima-media thickness (cIMT) was assessed by 2
trained investigators before study commencement. A Micro-
Maxx Ultrasound system paired with a 5 to 10-MHz Multi-
frequency High-resolution Linear Transducer (SonoSite,
Bothell, WA) with Sono-Calc IMT software was used for taking
automatic measurements of cIMT. This was achieved by
averaging 3 measurements taken on each carotid artery
(anterior, lateral, and posterior directions) and measuring the
distance between the leading edge of the lumen–intima
interface and the leading edge of the collagenous upper layer
of the adventitia using high-resolution B-mode ultrasonography.

Renal assessment

Serum concentrations of creatinine (Scr) were measured by
an enzymatic method traceable to isotope dilution mass
spectrometry. The eGFR was calculated using a modified
version of the Modification of Diet in Renal Disease equation
based on data from Chinese CKD patients20 as follows:

eGFR ¼ 175� standardized Scr�1:234 � age�0:179

� 0:79 ðif femaleÞ

where Scr is serum creatinine concentration (in mg/dL) and
age is in years.

Collection of other data

We collected urine samples from 7 AM to 7 AM the next day
to detect the extent of proteinuria and sodium levels over
24 hours. These patients were asked to void their bladders
before the urine collection, then these patients did
same thing after 24 hours. Proteinuria was measured by
immunoturbidimetry. In addition, medical history, including
demographic and laboratory data (hemoglobin, albumin,
globulin, calcium, phosphorus, intact parathyroid hormone,
serum fasting glucose, cholesterol, triglycerides, high-
density lipoprotein cholesterol [HDL-C], low-density lipopro-
tein-cholesterol [LDL-C], homocysteine, uric acid, serum
cystatin C, and blood urea nitrogen), were obtained at the
initial study visit. All these experimental data were
measured using a 7180 Biochemistry Auto-analyzer (Hitachi,
Tokyo, Japan).

Definitions
“Clinic hypertension” was defined as clinic BP ≥140/
90 mm Hg, and ambulatory hypertension was defined as
average 24 hours BP ≥130/80 mm Hg.15

Figure 1. Patient selection and assignment to different ambulatory blood pressure status. ABPM
indicates ambulatory blood pressure monitoring; CKD, chronic kidney disease.
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“ABPM daytime” and “ABPM nighttime” were defined as
time intervals from 7 AM to 10 PM and from 10 PM to 7 AM,
respectively. These definitions were based on patients’
schedule.

The definition of INH, isolated daytime hypertension, day–
night sustained hypertension, and ambulatory normotension
are summarized in Table 1.

CKD was defined as the presence of kidney damage or
decreased renal function (eGFR of <60 mL/min per 1.73 m2)
for ≥3 months according to guidelines set by the Kidney
Disease Outcomes Quality Initiative, and we divided these CKD
patients into 5 stages (1, 2, 3, 4, 5) according to this guideline.21

Diabetes mellitus (DM) was defined as the need for
antidiabetic drugs or meeting the diagnostic criteria for DM
specified by Chinese Guidelines for Diabetes Prevention and
Treatment: (1) symptoms of DM and casual blood glucose
>11.1 mmol/L; (2) fasting blood glucose >7.0 mmol/L.22

Target-organ damage was defined as having any of 3
conditions. Firstly, in terms of heart disease, patients with
a LVMI >115 g/m2 (man) and >95 g/m2 (woman) were
diagnosed as having left ventricular hypertrophy.19 Secondly,
with respect to large-vessel disease, cIMT >1 mm was
regarded as an abnormal value.23 Thirdly, with regard to kidney
disease, an eGFR <60 mL/min per 1.73 m2 was regarded as
impaired renal function.24

Statistical Analyses
Descriptive statistics are the mean� SD for continuous
variables and median values/interquartile range for nonpara-
metric variables. Frequency and percentages are used for
categorical variables. Log transformation for proteinuria and
the eGFR in regression analyses were done in view of the
skewed distribution of these data.

Comparisons of continuous variables between groups were
evaluated by ANOVA, or nonparametric tests. Differences
among categorical variables were analyzed using the v2 test
or 2-tailed Fisher exact test, as appropriate. P-values for

multiple comparisons were corrected according to the
Bonferroni method (6 comparisons).

Multivariable logistic regression analyses were used to
explore factors associated with nocturnal hypertension and
INH. Variables were the following: age; sex; disease course;
diabetes mellitus; current smoking; alcohol intake; body mass
index; urinary sodium excretion; eGFR, clinic SBP; clinic DBP;
levels of hemoglobin, albumin, calcium9phosphorus, serum
fasting glucose, cholesterol, triglyceride, HDL-C, LDL-C,
Logarithm (proteinuria), urinary sodium excretion, eGFR, clinic
SBP, and clinic DBP.

Clinic SBP was divided by 10-mm Hg portions into several
segments to explore the prevalence of INH with elevation of
clinic SBP.

Multiple linear regression models were employed to study
the association of indices of renal function (Lg eGFR) and
cardiovascular damage (LVMI and cIMT) with age, sex,
ambulatory BP status, and other variables with P<0.05
explored in simple linear regression analysis.

All values were 2-tailed and P<0.05 was considered
significant. Data were analyzed using IBM SPSS v20.0 (IBM,
Armonk, NY).

Results

Demographic and Clinical Characteristics of the
Study Population
Mean age of the study cohort was 43.96 years, and 59.13% of
the cohort was male. A total of 723 patients had chronic
glomerular nephritis (56.4%), whereas 234 patients suffered
from DM (18.25%); 19.27% of patients were current smokers,
and 9.28% consumed alcohol.

Compared with patients with normotension, patients with
INH showed greater age; longer disease course; higher
prevalence of DM; higher serum levels of globulin, cal-
cium9phosphorus, intact parathyroid hormone, homocyste-
ine, uric acid, cystatin C, blood urea nitrogen, and creatinine;
and lower levels of hemoglobin, HDL-C, and LDL-C (P<0.05).
When these patients were compared with those in the day–
night sustained hypertension group, they showed younger
age; lower prevalence of DM; lower levels of calcium9phos-
phorus, intact parathyroid hormone, homocysteine, uric acid,
proteinuria, serum cystatin C, blood urea nitrogen, and serum
creatinine; and higher levels of hemoglobin, HDL-C, and LDL-C
(P<0.05) (Table 2).

Characteristics of ABPM in CKD Patients
According to Different Ambulatory BP Status
The prevalence of clinic hypertension in patients with INH was
50.38% patients, which was higher than that in patients with

Table 1. Diagnostic Criteria of Ambulatory Hypertension

Daytime BP (mm Hg) Nighttime BP (mm Hg)

Ambulatory
normotension

SBP<135 and DBP<85 SBP<120 and DBP<70

Isolated daytime
hypertension

SBP≥135 or DBP≥85 SBP<120 and DBP<70

Isolated nocturnal
hypertension

SBP<135 and DBP<85 SBP≥120 or DBP≥70

Day–night
sustained
hypertension

SBP≥135 or DBP≥85 SBP≥120 or DBP≥70

DBP indicates diastolic blood pressure; SBP, systolic blood pressure.
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normotension (24.29%), but lower than in patients with day–
night sustained hypertension (81.11%) (P<0.05). The preva-
lence of ambulatory hypertension in patients with INH was
43.13%, which was higher than that in patients with
normotension (0%), but lower than that in patients with
day–night sustained hypertension (99.85%) (P<0.05). Patients
with INH had a higher clinic SBP/DBP, 24-hour SBP/DBP,
daytime SBP/DBP and nighttime SBP/DBP, as well as a lower
rate of nocturnal decline of SBP/DBP, compared with
normotensive patients (P<0.05), whereas opposite results
were obtained upon comparison with the day–night sustained
hypertension group (P<0.05) (Table 2).

Prevalence of INH in CKD Patients at Different
Stages
A total of 262 (20.44%) CKD patients had INH and 651
(50.78%) had day–night sustained hypertension, whereas
only 350 (27.30%) patients showed normotension and 19
(1.48%) had isolated daytime hypertension. The prevalence
of INH in patients with CKD types 1, 2, 3, 4, and 5 was
21.18%, 21.88%, 24.23%, 21.21%, and 16.88%, respectively,
and no significant difference was found among patients
at different CKD stages. The prevalence of day–night
sustained hypertension in patients with CKD types 1, 2, 3,
4, and 5 was 21.45%, 39.06%, 54.12%, 68.18%, and 79.68%,
respectively, and patients with worse renal function had a
higher prevalence of day–night sustained hypertension
than patients with better renal function (P<0.05) (Figures 2
and 3).

Factors Associated With INH
Age, course, DM, eGFR, clinic SBP, DBP as well as levels of
hemoglobin, serum albumin, calcium9phosphorus, intact
parathyroid hormone, fasting glucose, cholesterol, LDL-C,
HDL-C, and uric acid were correlated with INH onset
according to univariate logistic regression analysis. Multivar-
iate logistic regression analysis showed that INH was
associated with age, eGFR, and clinic DBP (Table 3).

Target-Organ Damage According to Different
Ambulatory BP Status
Patients with INH had lower eGFR as well as higher LVMI and
cIMT compared with normotensive patients (P<0.05), whereas
patients with INH had higher eGFR and lower LVMI compared
with the day–night sustained hypertensive group (P<0.05).
The similar results on the prevalence of impaired renal
function, left ventricular hypertrophy, and abnormal cIMT
could be found in these patients with different groups
(P<0.05) (Figure 4 and Table 2).Ta
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Factors Associated With Target-Organ Damage
Multiple linear regression analyses were carried out to clarify
factors associated with target-organ damage. Age, sex, INH,
day–night sustained hypertension (versus normotension), as
well as levels of hemoglobin, calcium9phosphorus, and uric
acid, were correlated with Lg(eGFR). Also, age, sex, hemoglo-
bin level, eGFR, INH, and day–night sustained hypertension

(versus normotension) were related to LVMI. Age, sex, DM,
INH, and day–night sustained hypertension (versus normo-
tension) independently determined cIMT (Table 4).

Discussion
We investigated the prevalence of INH in Chinese CKD patients,
its correlation with target-organ damage, and the main factors
that determine INH. The prevalence of INH in Chinese patients
with CKD was 20.44%. INH was associated mainly with age,
eGFR, and clinic DBP. Patients with INH had higher clinic,
daytime, and nighttime BP, and more severe target organ
damage compared with normotensive subjects. Patients with
INH showed lower clinic, daytime and nighttime BP, and less
target-organ damage compared with day–night sustained
hypertensive subjects. INH was correlated with eGFR, LVMI,
and cIMT by linear regression analyses. Taken together, these
data suggested that INH played a part in target-organ damage,
and that we should identify CKD patients with INH.

This is the first report on the prevalence of INH in CKD
patients. Our value (20.44%) differs greatly from that in other
reports: Chinese (10.9%), Japanese (10.2%), South Africans
(10.5%), Western Europeans (6.0%), and Eastern Europeans
(7.9%).10 We also found that patients with poorer renal
function had the similar prevalence of INH, while higher
prevalence of day–night sustained hypertension than patients
with better renal function. Since volume retention and

Figure 2. Prevalence of different ambulatory blood pressure status in Chinese CKD patients. BP indicates
blood pressure; CKD, chronic kidney disease.

Figure 3. Prevalence of isolated nocturnal hypertension and
day–night sustained hypertension in different chronic kidney
disease (CKD) stages (P-value for multiple comparisons was
corrected according to the Bonferroni method. *Comparison with
CKD1 stage P<0.05, †comparison with CKD2 stage P<0.05,
‡comparison with CKD3 stage P<0.05.
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sympathovagal imbalance were the main factors for nocturnal
BP elevation,11 and kidneys play an important role in the
regulation of fluid volume, these patients with worse renal

function had not only nocturnal hypertension but also daytime
hypertension (termed “day–night sustained hypertension”),
which could explain the stable prevalence of INH, yet
increasing prevalence of nocturnal hypertension, in patients
at different stages of CKD. Patients with INH showed only
nocturnal hypertension without daytime hypertension, and
these are good subjects to explore the role of nocturnal BP in
hypertension-induced organ damage. Patients with INH had
more severe target-organ damage compared with patients
with normotensive subjects, whereas these patients showed
slightly more target-organ damage compared with day–night
sustained hypertensive subjects; also, INH was correlated
with renal/cardiovascular parameters by linear regression
analyses. Above all, we established that INH has an important
role in CKD patients. We should pay special attention to INH
in CKD patients based on its higher prevalence and correla-
tion with renal/cardiovascular parameters.

Definition of INH might be clinically relevant for control of
hypertension and cardiovascular prevention. This would be
achieved by early identification and care of those people with
normal clinic and daytime ambulatory BP but who are at high
cardiovascular risk.13 Only half of patients with INH showed

Table 3. Univariate and Multivariable Logistic Regression Analysis for Isolated Nocturnal Hypertension (1=Normotension;
2=Isolated Nocturnal Hypertension) in Chinese CKD Patients

Univariate Regression Analysis Multivariable Regression Analysis

OR (95% CI) P Value OR (95% CI) P Value

Age (per 1 y) 1.040 (1.028 to 1.051) <0.001 1.021 (1.007 to 1.036) 0.003

Gender (male=1; female=2) 1.011 (0.733 to 1.395) 0.946

Course (per 1 month) 1.006 (1.002 to 1.011) 0.003

Diabetes mellitus (no=0, yes=1) 2.714 (1.587 to 4.641) <0.001

Hemoglobin (per 1 g/L) 0.982 (0.975 to 0.988) <0.001

Albumin (per 1 g/L) 1.020 (1.001 to 1.039) 0.040

Calcium9phosphorus (per 1 mg2/dL2) 1.032 (1.014 to 1.051) 0.001

iPTH (per 1 pg/mL) 1.003 (1.001 to 1.004) <0.001

Serum fasting glucose (per 1 mmol/L) 1.152 (1.020 to 1.302) 0.022

Cholesterol (per 1 mmol/L) 0.920 (0.864 to 0.980) 0.010

HDL-C (per 1 mmol/L) 0.382 (0.253 to 0.576) <0.001

LDL-C (per 1 mmol/L) 0.874 (0.805 to 0.949) 0.001

Uric acid (per 1 mmol/L) 1.003 (1.002 to 1.005) <0.001

Urinary sodium excretion (per 1 mmol/24 h) 0.999 (0.996 to 1.003) 0.636

eGFR-MDRD (per 1 mL/min per 1.73 m2) 0.985 (0.981 to 0.988) <0.001 0.989 (0.984 to 0.993) <0.001

Clinic-SBP (per 1 mm Hg) 1.039 (1.029 to 1.049) <0.001

Clinic-DBP (per 1 mm Hg) 1.059 (1.043 to 1.076) <0.001 1.060 (1.041 to 1.079) <0.001

Adjusted variables: age, gender (male=1, female=2). Variables of univariate regression analysis include course, diabetes mellitus (no=0, yes=1), current smoker (no=0, yes=1), alcohol
intake (no=0, yes=1), BMI, hemoglobin, albumin, calcium9phosphorus, iPTH, serum fasting glucose, cholesterol, triglyceride, HDL-C, LDL-C, uric acid, Lg(proteinuria), urinary sodium
excretion, eGFR, clinic-SBP, and clinic-DBP. All variables with significant associations were included in multivariable regression analysis. BMI indicates body mass index; CKD, chronic
kidney disease; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; iPTH, intact parathyroid hormone; LDL-C, low-density
lipoprotein cholesterol; Lg, Logarithm; MDRD, Modification of Diet in Renal Disease; OR, odds ratio; SBP: systolic blood pressure.

Figure 4. Comparison of target-organ damages in different
ambulatory blood pressure status (P-value for multiple compar-
isons was corrected according to the Bonferroni method (6
comparisons). *Comparison with the normotension group P<0.05,
†comparison with the isolated daytime hypertension group
P<0.05, ‡comparison with the isolated nocturnal hypertension
group P<0.05. cIMT indicates carotid intima-media thickness;
LVH, left ventricular hypertrophy.
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clinic hypertension in our study. Hence, half of the patients
would remain undetected and untreated because INH can be
diagnosed only by ABPM, which might lead to a poor
prognosis. Finding clinical parameters to predict INH onset
is essential. INH was associated mainly with age, eGFR, and
clinic DBP. These findings suggest that we should pay more
attention to older patients with worse renal function and
higher clinic DBP, and undertake ABPM to detect INH.

Prospective observational studies have (for the most part)
concluded that nocturnal BP is a better predictor of a worse
prognosis in comparison with 24-hour BP or daytime BP.10,25

Our results showed that patients with INH had more severe
target-organ damage compared with patients with normoten-
sion. Linear regression analysis showed that INH was
independently correlated with renal and cardiovascular dam-
age, which suggested that CKD patients with INH might have

Table 4. Multiple Linear Regression Analysis: Relationship Between Lg(eGFR), LVMI, and cIMT With Different Ambulatory Blood
Pressure Status in Chinese CKD Patients

Variables Unstandardized Coefficients Beta (95% CI) Standardized Coefficients Beta P Value

Dependent variable: Lg(eGFR by MDRD formula) (adjusted R2=0.683)

Age (per 1 y) �0.005 (�0.006 to �0.004) �0.155 <0.001

Gender (male=1; female=2) 0.120 (0.076 to 0.163) 0.109 <0.001

Hemoglobin (per 1 g/L) 0.008 (0.007 to 0.009) 0.427 <0.001

Calcium9phosphorus (per 1 mg2/dL2) �0.019 (�0.021 to �0.017) �0.338 <0.001

Uric acid (per 1 mmol/L) �0.001 (�0.001 to �0.000) �0.149 0.001

IDH (vs NT) �0.122 (�0.282 to 0.039) �0.028 0.137

INH (vs NT) �0.127 (�0.187 to �0.067) �0.091 <0.001

DNH (vs NT) �0.197 (�0.250 to �0.144) �0.181 <0.001

Dependent variable: LVMI (kg/m2) (adjusted R2=0.443)

Age (per 1 y) 0.149 (0.018 to 0.280) 0.075 0.026

Gender (male=1; female=2) �13.868 (�18.004 to �9.733) �0.210 <0.001

Hemoglobin (per 1 g/L) �0.374 (�0.463 to �0.285) �0.326 <0.001

eGFR (per 1 mL/min per 1.73 m2) �0.131 (�0.186 to �0.076) �0.203 <0.001

IDH (vs NT) 1.909 (�11.560 to 15.378) 0.009 0.781

INH (vs NT) 7.731 (1.587 to 13.876) 0.093 0.014

DNH (vs NT) 17.656 (12.190 to 23.123) 0.269 <0.001

Dependent variable: cIMT (mm) (adjusted R2=0.423)

Age (per 1 y) 0.008 (0.007 to 0.010) 0.539 <0.001

Gender (male=1; female=2) �0.066 (�0.104 to �0.028) �0.129 0.001

Diabetes mellitus (no=0, yes=1) 0.079 (0.030 to 0.129) 0.131 0.002

IDH (vs NT) �0.022 (�0.195 to 0.150) �0.010 0.798

INH (vs NT) 0.077 (0.018 to 0.137) 0.121 0.011

DNH (vs NT) 0.050 (0.001 to 0.099) 0.099 0.045

Adjusted variables: age, gender (male=1, female=2). Variables of simple regression analysis for Lg(eGFR) include course, diabetes mellitus (no=0, yes=1), current smoker (no=0, yes=1),
alcohol intake (no=0, yes=1), BMI, hemoglobin, albumin, calcium9phosphorus, iPTH, uric acid, cholesterol, triglyceride, HDL-C, LDL-C, urinary sodium excretion, Lg(proteinuria) and
isolated daytime hypertension, isolated nocturnal hypertension, day–night sustained hypertension (no=0, yes=1) (vs normotension). Variables of simple regression analysis for LVMI and
cIMT include course, diabetes mellitus (no=0, yes=1), current smoker (no=0, yes=1), alcohol intake (no=0, yes=1), BMI, hemoglobin, albumin, cholesterol, triglyceride, HDL-C, LDL-C,
urinary sodium excretion, Lg(proteinuria), eGFR and isolated daytime hypertension, isolated nocturnal hypertension, day–night sustained hypertension (no=0, yes=1) (vs normotension).
Significant variables of simple regression analysis for Lg(eGFR) include age, gender (male=1, female=2), course, diabetes mellitus (no=0, yes=1), current smoker (no=0, yes=1),
hemoglobin, albumin, calcium9phosphorus, iPTH, LDL-C, urinary sodium excretion and isolated daytime hypertension, isolated nocturnal hypertension, and day–night sustained
hypertension (no=0, yes=1) (vs normotension). Significant variables of simple regression analysis for LVMI include age, gender (male=1, female=2), course, diabetes mellitus (no=0,
yes=1), current smoker (no=0, yes=1), hemoglobin, albumin, LDL-C, eGFR and isolated daytime hypertension, isolated nocturnal hypertension, and day–night sustained hypertension
(no=0, yes=1) (vs normotension). Significant variables of simple regression analysis for cIMT include age, gender (male=1, female=2), course, diabetes mellitus (no=0, yes=1), current
smoker (male=1, female=2), BMI, hemoglobin, LDL-C, eGFR and isolated daytime hypertension, isolated nocturnal hypertension, and day–night sustained hypertension (no=0, yes=1) (vs
normotension). All variables with significant associations were included in multiple regression analysis. BMI indicates body mass index; cIMT, carotid intima-media thickness; CKD, chronic
kidney disease; DNH, day–night sustained hypertension; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; IDH, isolated daytime hypertension; INH,
isolated nocturnal hypertension; iPTH, intact parathyroid hormone; LDL-C, low-density lipoprotein cholesterol; Lg, Logarithm; LVMI, left ventricular mass index; MDRD, Modification of Diet
in Renal Disease; NT, normotension.
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a worse prognosis than normotensive CKD subjects. This
finding was related to BP alone (nighttime BP better
represents the baseline BP of a patient) or with aspects
regarding its measurement (nighttime BP is usually measured
while the patient is in the supine position and is subjected to
less variability). Nocturnal hypertension is opposite to the
physiologic rhythm of BP. Nocturnal BP represents the
minimal BP needed for adequate organ perfusion in healthy
subjects.26 Maintaining a high BP at night, however, overloads
the cardiovascular system, with a consequent negative impact
on the heart and vascular structures. In the present study, it
was not surprising to find that patients with INH had more
severe renal and cardiovascular injuries among CKD patients,
and that INH was closely related to target-organ damage.
Therefore, lowering nocturnal BP might help to reduce
cardiovascular and renal risks for such CKD patients.
Antihypertensive chronotherapy could be used to lower
nocturnal BP.27 Our pilot study showed the advantages of
awakening versus bedtime scheduling of valsartan (80 to
320 mg once daily for 1 year) on 60 nondipper Chinese
patients with CKD; bedtime treatment was significantly more
effective in reducing nocturnal BP, albuminuria, and left
ventricular mass.28

The present study had strengths and limitations. Firstly,
CKD patients who received any antihypertensive drug in the
previous month were excluded, so drug use would not have
affected analyses. However, we could not rule out the effect
of Chinese medicines. Secondly, all our patients had
comprehensive assessments, and the cohort size was large.
Thirdly, all CKD patients were admitted to our hospital
division. Actually, these patients had severe proteinuria or
severe renal damage, so some CKD patients with nonsevere
proteinuria or nonsevere renal damage might have been
omitted. Fourthly, we arranged the same schedule for all
patients, which helped to expedite BP monitoring, but this
arrangement might have led to different results from moni-
toring in the outpatient setting. Fifthly, the prevalence of INH
might be different from studies in Western countries because
most patients suffered from primary kidney disease, and
fewer patients had DM. Finally, we cannot infer a cause–effect
relationship based on our cross-sectional data.

In conclusion, in a study of CKD patients, we provide the
first evidence of a high prevalence of INH and its correlation
with target-organ damage. Further studies are needed to
ascertain whether treatment of this disease reduces the risk
of cardiovascular disease and mortality, and which strategy
would be effective in treating this form of high BP.
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