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Abstract: Objectives: Concomitant abnormal blood pressure is closely related to the progression of chronic kidney
disease (CKD). The characteristics of 24-hour ambulatory blood pressure and the relationship with cardiac function
were investigated in non-dialysis CKD patients. Methods: 476 non-dialysis CKD patients were recruited. The 24-hour
ambulatory blood pressure was analyzed. Echocardiography and laboratory examinations were also performed in
each patient to evaluate cardiac function. Results: The 24-hour average systolic blood pressure (24 h-SBP), 24-hour
average diastolic blood pressure (24 h-DBP), 24-hour mean arterial pressure (24 h-MAP), daytime average systolic
blood pressure (D-SBP), daytime average diastolic blood pressure(D-DBP), nighttime average systolic blood pres-
sure (N-SBP) and nighttime average diastolic blood pressure (N-DBP) were positively related to left ventricular mass
(LVM), left ventricular mass index (LVMI) and amino-terminal pro-brain natriuretic peptide (NT-proBNP) (P<0.05) and
negatively to left ventricular ejection fraction (LVEF) (P<0.05). The 24 h-SBP and N-SBP were positively related to
creatine kinase (P<0.05), and N-SBP was positively associated with cardiac troponin I(cTnl) (P<0.05). The standard
deviations of D-SBP, N-SBP and N-DBP were positively related to LVM and LVMI (P<0.05), but negatively to LVEF
(P<0.05). LVEF was significantly affected by blood pressure rhythm, followed by D-SBP. Blood pressure rhythm and
serum creatinine affected cTnl with similar extent. Blood pressure, blood pressure rhythm and standard deviation
of blood pressure had no significant influence on NT-proBNP. Blood pressure rhythm, D-SBP, serum creatinine and
gender affected LVMI, especially the blood pressure rhythm. Conclusion: Blood pressure is closely related to the
renal and cardiac function of non-dialysis CKD patients. Blood pressure rhythm has significant influence on cardiac
function.
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Introduction pressure and cardiac function in CKD patients.

Moreover, studies are often conducted in dialy-

The Kidney is involved in the blood pressure
regulation. Thus, most patients with kidney dis-
ease usually have concomitant hypertension
when the kidney disease of any cause pro-
gresses into chronic kidney disease (CKD) [1,
2], while hypertension may further deteriorate
the damage to the target organs such as heart,
kidney and brain. In recent years, studies have
shown that the management of blood pressure
plays an important role in delaying the progres-
sion of cardiovascular diseases in CKD patients
[3, 4]. Currently, little is known about the rela-
tionship between 24-hour ambulatory blood

sis patients, and the situation in non-dialysis
patients is still unclear [5, 6]. To date, some
studies have shown that the blood pressure
(BP) and BP rhythm are closely related to the
pathogenesis of left ventricular hypertrophy [7,
8], but there are no indicators that can be used
to accurately reflect the cardiac function. In
addition, the routine laboratory and adjunctive
examinations usually fail to identify the early
heart injury in CKD patients, and thus the early
heartinjuryis usually neglected. Comprehensive
BP control of CKD patients has been one of the
challenges that clinicians should face.
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In this study, the characteristics of 24-hour
ambulatory blood pressure and the relation-
ship between ambulatory blood pressure and
cardiac function were investigated in non-dialy-
sis CKD patients, which may be helpful for the
early identification of cardiac dysfunction via
monitoring BP in CKD patients.

Materials and methods

Diagnostic criteria of 24-hour ambulatory
blood pressure monitoring (24 h ABPM)

Average blood pressure in 24 hours reflects the
whole level of pressure in different periods,
which were the main basis of hypertension
diagnosis with 24 h ABPM. The diagnostic crite-
ria of 24 h ABPM included 24-hour >2130/80
mmHg, daytime >135/85 mmHg, and night-
time >120/70 mmHg [9].

Subjects
Inclusion criteria and exclusion criteria

Inclusion criteria: CKD was diagnosed accord-
ing to the diagnostic criteria for Chronic Kidney
Disease in the Clinical Practical Guideline for
Chronic Kidney Disease developed by the
National Kidney Foundation in 2002 (NKF-K/
DOQI) [10]. Patients were aged 18-80 years.

Exclusion criteria: 1) patients were receiving
treatment with steroids and/or immunosup-
pressants; 2) patients had acute complications
(such as diabetic ketoacidosis), severe infec-
tious diseases, rheumatic diseases, blood dis-
eases, severe respiratory insufficiency, severe
liver dysfunction, or severe anemia [hemoglo-
bin (HB)<60 g/L], hypoproteinemia [albumin
(Alb)<25 g/L]; 3) patients received hemodialy-
sis or peritoneal dialysis; 4) patients had severe
heart diseases: patients had a history of coro-
nary heart disease, severe arrhythmia, hyper-
thyroidism induced organic heart disease, or
severe cardiac dysfunction (NYHA grade llI-1V);
5) patients had acute kidney injury; 6) patients
had malignancy or were pregnant; 7) patients
received kidney transplantation.

Patients’ characteristics

Patients and groupin,

This was a cross-sectional study. According to
the inclusion and exclusion criteria, non-dialy-
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sis CKD patients (n=476) were recruited from
the Central Hospital of Minhang District, Shang-
hai, between August 2014 and December
2015. Antihypertensive drugs used by patients
included calcium channel blocker (CCB), beta
receptor blocker, alpha receptor blocker, angio-
tensin converting enzyme inhibitor, AT1 recep-
tor blocker (ARB), diuretics, alpha & beta re-
ceptor blocker, CCB & ARB compound, ARB &
thiazide diuretic compound, and alpha 2 recep-
tor agonist. Different patients took one or more
antihypertensive drugs. They took medicine at
6:30 am, 11:30 am, 4:30 pm, or 20:00 pm.
Different patients took medicines for different
times everyday.

This study was approved by the Ethics Com-
mittee of Central Hospital of Minhang District,
Shanghai (2014-08-AJ). The medical record
and findings from physical examination (includ-
ing 24 h ABPM), Cardiac color ultrasound ex-
amination and laboratory examination were
reviewed by experienced and trained investiga-
tors. Patients were divided into several groups
according to different standards: (1) According
to the diagnostic criteria for CKD of NKF-K/
DOQI, CKD was divided into stage 1-5 accord-
ing to the glomerular filtration rate (GFR); (2) BP
rhythm: the BP rhythm is usually expressed
as the percentage of nighttime BP reduction:
percentage of nighttime BP reduction = (mean
daytime BP-mean nighttime BP)/mean daytime
BPx100%. Dipper BP: nighttime BP reduction
>10%; non-dipper BP: 0%< nighttime BP reduc-
tion <10%; reversed dipper BP: nighttime BP
reduction <0% [11]. When the systolic blood
pressure (SBP) was inconsistent with diasto-
lic blood pressure (DBP), SBP was used [9].
According to the BP rhythm, patients were
divided into dipper group, non-dipper group and
reversed dipper group.

Methods
General characteristics

General characteristics of patients were re-
corded: age, gender, height, body weight, pri-
mary disease, findings from serum biochemical
examination, and symptoms and signs of car-
diovascular disease.

Measurement of ambulatory BP

24 h ABPM was measured with Oscar2 non-
invasive portable ambulatory blood pressure
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monitor (SunTech Medical, USA). In brief, the
cuff was fasted on the non-dominant arm of
patients (most left arm). Measurement was
done once every 30 min from 6:00 am to 22:00
pm and once very 1 h from 22:00 pm to 6:00
am. During the measurement of 24 h ABPM,
intense excise should be avoided, but normal
daily activity and work were allowable. In the
detection of BP, the arm was kept straight and
calm. After measurement of 24 h ABPM, the
monitor was released, and data were acquired
with specific software. BP was delineated [12,
13]. The non-discontinued and effective data
of BP should be more than 80% in a day, or
measurement was performed again on the sec-
ond day.

Heart color ultrasound examination

IE Elite color doppler ultrasound detector with
phased array probes (Philips, USA) was used
for examination. The frequency of probe was
1-5 MHz. Examination was done according to
the manufacturer’s instructions and method
recommended by WHO. M ultrasound, dimen-
sional ultrasound, and color Doppler echocar-
diography was performed in each patient.

Left ventricular mass (LVM) was calculated as
follows: LVM (g)=0.8x1.04x[(IVST + LvVDd +
LVPWT)3-LVDd®] + 0.6. Left ventricular mass
index (LVMI) was calculated with Devereux for-
mula [14]: LVMI (g/m?)=LVM/body surface area
(BSA); BSA (m?)=0.0061x height (cm) + 0.0128
xbody weight (kg) -0.1529 [15].

Determinations: 1) Normal ranges: left ventric-
ular end-diastolic diameter (LVDd): 39-50 mm;
left ventricular end-systolic diameter (LVDs):
20-35 mm; left atrial diameter (LAD): 20-30
mm; interventricular septal thickness (IVST):
6-11 mm; left ventricular posterior wall thick-
ness (LVPWT): 6-11 mm; left ventricular ejec-
tion fraction (LVEF): 50%-80%; 2) Left ventricu-
lar hypertrophy: LVMI>130 g/m? for male;
LVMI>126 g/m? for female [16].

Laboratory examinations

Fasting venous blood (5 ml) was collected in
the morning for the detection of creatine kinase
(CK) and creatine kinase isoenzyme MB (CK-
MB) by using performance rate method with
automatic biochemical analyzer (7600, Hitach).
Electrochemical luminescence method was us-
ed for the measurement of cardiac troponin |
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(cTnl) (COBAS 1601, Roche) with the autoim-
mune ECL analyzer. Electrochemical lumines-
cence method was used to detect amino-termi-
nal pro-brain natriuretic peptide (NT-proBNP)
with VITROS 5600 automated immunoassay
analyzer (Johnson). Detection ranges: serum
CK: 25-130 U/L; serum CK-MB: 0-24 U/L;
serum cTnl: <0.12 ng/mL for healthy controls;
0.12-0.5 ng/mL for heart injury patients, >0.5
ng/mL for acute myocardial infarction patients.
NT-proBNP: 0-125 pg/mL.

Routine blood test and detection of kidney
and liver function, blood glucose, blood lipids,
Parathyroid hormone, serum calcium (Ca) and
serum phosphorus (P) were performed with
automatic biochemical analyzer (7600, Hitachi).
GFR was calculated with modified MDRD for-
mula [17].

Statistical analysis

Statistical analysis was performed with SPSS
version 19.0. Continuous variables are expres-
sed as mean * standard deviation. Categorical
variables are expressed as percentage (N; %).
Comparisons were conducted with one way
analysis of variance among groups, followed by
SNK method between two groups. Counting
data were compared with chi square test.
Correlation was evaluated with linear correla-
tion analysis. Once data did not conform to the
normal distribution, linear correlation analysis
was performed after transformation into data
with normal distribution. The factors affected
(LVEF, NT-proBNP, cTnl and LVMI) were analyzed
with multivariate linear regression analysis. A
value of P<0.05 was considered statistically
significant.

Results
Patients’ characteristics

A total of 476 patients were recruited into the
present study. There were 237 males (49.79%)
and 239 females (50.21%). The mean age was
62.34 + 13.53 years. Stage 1 CKD was found
in 157 patients, stage 2 in 123, stage 3 in 91,
stage 4 in 58 and stage 5 in 47. In addition,
there were 104 patients in dipper BP group,
230 patients in non-dipper BP group and 142
patients in reversed dipper BP group.

There were no significant differences in the
body mass index (BMI), fasting plasma glucose

Int J Clin Exp Med 2017;10(8):12472-12482



Cardiac function in non-dialysis CKD patients

Table 1. General characteristics of patients in different groups (X + s)

Stage 1 Stage 2

Stage 4 Stage 5

Variables (n=157) (n=123) (n=58) (n=47) Fory P
Male 79 (50.3%) 64 (52%) 30 (51.7%) 21 (44.7%)

Smoking 46 (29.3%) 31 (25.2%) 15 (25.9%) 11 (23.4%) 1.227 0.874
Drinking 18 (11.5%) 19 (15.4%) 5 (8.6%) 1(2.1%) 8.002 0.091
BMI (kg/m?) 24.76 + 3.29 25.06 + 3.30° 25.14 + 4.09¢ 25.50 + 3.95¢ 23.81 + 3.69°¢¢ 1.719 0.145
HB (g/L) 132.45 + 15.76°°4¢  127.80 + 16.49%°¢¢  120.36 + 15.502*>4¢ 100.31 + 10.5327¢¢ Q3,47 + 12.742P<¢ 95154 0.000
Alb (g/L) 40.05 + 4.54¢ 39.46 + 3.96° 38.88 + 3.96 38.24 + 13.40 36.66 + 6.65%° 3.065 0.016
UA (umol/L) 314.34 + 88.92¢d4e 402.14 + 104.032%%¢  453.14 + 87.06*°%4¢ 500.19 + 101.223>¢ 513.15 + 119.492°¢ 67.795 0.000
PTH (pg/ml) 38.25 + 12.97°¢de 52 54 + 14.132cd¢ 65.11 + 20.1520de 117.62 + 55.792Pc¢  158.76 + 103.49>¢4 108.668 0.000
Ca (mmol/L) 2.20 + 0.11049¢ 2.19 + 0.10¢%d4¢ 2.14 + 0.123bde 2.04 + 0.1082be 2.107 + 0.19abe 26.291 0.000
P (mmol/L) 1.08 + 0.17¢°%¢ 1.10 + 0.15¢%¢ 1.43 £ 2.1°° 1.38 + 0.30° 1.50 + 0.352° 3.95 0.004
FPG (mmol/L) 5.44 +1.77 5.46 + 1.83 5.66 + 1.63 5.75+2.08 55+ 1.27 0.523 0.719
HbAlc (%) 6.3 +1.28° 6.4 +1.43 6.65 + 1.242 6.62 +1.51 6.22+1.11 1.598 0.174
TC (mmol/L) 452 +0.98 4.48 + 0.98 459 +1.13 4.45 + 0.96 4,55 + 1.08 0.252 0.908
TG (mmol/L) 1.91 + 1.50 1.74 + 1.11¢ 2.58 + 5.74° 1.69 + 0.92 1.85+1.31 1.516 0.196
HDL-ch (mmol/L) 1.15 +0.30 1.12 +0.28 1.08 £ 0.30 1.09 +0.39 1.07 £0.32 0.995 0.410
LDL-ch (mmol/L) 4.40 + 20.87 2.7+0.79 2.81 +0.98 2.71+0.77 2.64 +0.89 0.512 0.727
ALP (U/L) 79.60 + 21.89¢¢ 85.73 +32.73 88.43 + 27.66° 84.40 + 23.42 89.94 + 32.56° 2.244 0.063

Note: body mass index (BMI); hemoglobin (HB); albumin (Alb); uric acid (UA); parathyroid hormone (PTH); calcium (Ca); phosphorus (P); fasting plasma glucose (FPG); hemo-
globin A1C (HbA1c); total cholesterol (TC); triglyceride (TG); high-density lipoprotein cholesterol (HDL-ch); low-density lipoprotein cholesterol (LDL-ch); alkaline phosphatase
(ALP). ®P<0.05 vs stage1l; °P<0.05 vs stage 2; °P<0.05 vs stage 3; %P<0.05 vs stage 4; °P<0.05 vs stage 5.

(FPG), hemoglobinAlc (HbAlc), alkaline phos-
phatase, total cholesterol, triglyceride, high-
density lipoprotein cholesterol, low-density lipo-
protein cholesterol, history of smoking, and
history of drinking among patients with CKD at
different stages. Significant differences were
observed in the HB, serum Alb, serum uric acid
(UA), serum parathyroid hormone (PTH), serum
calcium (Ca) and serum phosphorus (P) among
patients with CKD at different stages (P<0.05).
The HB reduced gradually with the progression
of CKD (P<0.05); serum Alb reduced gradually
and significant difference in Alb was found
between stage 1/2 and stage 5 CKD (P<0.05).
Serum UA increased gradually and significant
difference was observed between two groups
except between stage 4 and stage 5 CKD
(P<0.05). Serum PTH increased gradually, and
significant difference was observed between
any two groups (P<0.05). Serum Ca decreased
gradually, significant difference was observed
between stage 1/2 and stage 3-5 (P<0.05),
and there was no marked difference between
stage 1 and stage 2 CKD as well as between
stage 4 and stage 5 CKD (P>0.05). Serum P
increased gradually, significant difference was
observed between stage 1/2 and stage 3/5
CKD (P<0.05), and there was no marked differ-
ence between stage 1 and stage 2 CKD as well
as among patients with stage 3-5 CKD (P>0.05)
(Table 1).
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24 h ABPM

The mean 24-hour average systolic blood pres-
sure (24 h-SBP), 24-hour average diastolic
blood pressure (24 h-DBP), 24-hour mean arte-
rial pressure (24 h-MAP), daytime average sys-
tolic blood pressure (D-SBP), daytime average
diastolic blood pressure (D-DBP), nighttime
average systolic blood pressure (N-SBP) and
nighttime average diastolic blood pressure
(N-DBP) increased gradually with the progres-
sion of stage 1 CKD to stage 5 CKD. There were
no marked differences in the 24 h-SBP, D-SBP
and N-SBP between stage 4 and stage 5 CKD
(P>0.05) as well as in 24 h-DBP, 24 h-MAP,
D-DBP, D-SBP and N-DBP between stage 3 and
stage 4 CKD (P>0.05), but significant differ-
ences were observed in other parameters
among patients with CKD at different stages
(P<0.05) (Table 2).

There were marked differences in the standard
deviations of D-SBP, D-DBP, N-SBP and N-DBP
among patients with CKD at different stages
(P<0.05). There were no significant differences
in the standard deviations of 24 h-SBP and 24
h-DBP among them. The mean standard devia-
tion of D-SBP and N-SBP increased gradually
with the deterioration of kidney function, and
the mean standard deviation of D-SBP in stage
1 CKD patients was significantly lower than in
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Table 2. Parameters of 24 h ABPM in patients of different groups (X * s)

) Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

Variables (n=§57) (n=§23) (n=%0) (n=g58) (njl?) Fory P

24 n-SBP (MmHg) 122.34 + 12.75P¢ 133,61 + 16.38%0%¢ 144.38 + 17.01°00¢ 149.4 + 16.44%>c 152.94 + 15.65** 66.348 0.000
24 nDBP (MMHg) 7234 +9.42%¢e  77.25+ 11.01%%  80.84 + 10.61°b¢ 8188 + 12.06°°¢  86.4 + 12.07°b«¢  21.898 0.000
24 n-MAP (mmHg)  88.98 + 9.76%¢¢ 96,22 + 11.20%¢¢ 101.77 + 11.64%%¢ 104.35 + 11.85°>¢ 108.96 + 12.26°¢¢ 45.201 0.000
DSBP (mmHg)  124.72 + 1282000 134.80 + 15.43%%¢ 14504 + 16.61°b° 1489 + 1639  151.80 + 16.6°>¢ 53.382 0.000
D-DBP (mmHg) 7427 £ 9.84bote 783+ 1144%0c 8171+ 10.67%0¢ 8222+ 11.88%¢ 86.89 + 12.38%¢¢ 16217 0.000
NSBP (mmHg)  116.41 + 14.01d 130.15 + 17.99%¢¢ 142,41 + 19.97%0¢¢ 150.76 + 10.01%%¢ 15519 + 17.2120¢ 78,708 0.000
N-DBP (mmHg) 67.73+9.34%00¢ 7436+ 11,650 7848+ 11.65%¢ 8116+ 13.50%¢ 8583+ 12.72%0¢ 33520 0.000
SD of 24 h-SBP 13.87 + 1319 1418 +3.77 15.10 + 4.00 16.25 + 4.19 1617+435 1448 0217
SD of 24 h-DBP 10.41 +3.29 10.58 + 2.88 17.92 + 65.68 11.32 +3.03 10.65+2.84 1187 0316
SD of D-SBP 1241 +78100¢ 1297 +393%9¢ 1456+ 4.41%> 1558 + 4.66% 1484+ 470° 5003 0.001
SD of D-DBP 9.49 + 3.51¢ 9.76 + 2.88¢ 1033+3.03¢  1253+1389%c  991+310° 3251 0012
SD of N-SBP 11.36 + 4.56 e 141 + 6.38° 13.86 + 5.51° 14.82 + 5.86° 1563 +550° 8892 0.000

Note: 24-hour average systolic blood pressure (24 h-SBP); 24-hour average diastolic blood pressure (24 h-DBP); 24-hour mean arterial pressure (24 h-MAP); daytime aver-
age systolic blood pressure (D-SBP); daytime average diastolic blood pressure (D-DBP); nighttime average systolic blood pressure (N-SBP) and nighttime average diastolic

blood pressure (N-DBP); standard deviation (SD). 2P<0.05 vs stage 1; °P<0.05 vs stage 2; °P<0.05 vs stage 3; P<0.05 vs stage 4; °P<0.05 vs stage 5.

Table 3. BP rhythm in patients with CKD at different stages

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

(n=157) (n=123) (n=90) (n=58) (n=4T7)
Dipper BP 60 (38.22%) 26 (21.14%) 10 (10.99%) 4 (6.90%) 4 (8.51%)
Non-dipper BP 82 (52.23%) 61 (49.59%) 50 (54.95%) 24 (41.38%) 13 (27.66%)
Reversed dipper BP 15 (9.55%) 36 (29.27%) 31 (34.07%) 30 (51.72%) 30 (63.83%)

Note: blood pressure (BP).

stage 3-5 CKD patients (P<0.05). The standard
deviation of N-SBP in stage 1 CKD patients was
markedly lower than in stage 2-5 CKD patients
(P<0.05) (Table 2).

The BP rhythm became abnormal with the
deterioration of kidney function. The proportion
of patients with dipper BP was 38.2%, 21.1%,
11.0%, 6.9% and 8.5% in patients with CKD
at stage 1-5 respectively; the proportion of
patients with non-dipper BP was 52.2%, 49.6%,
54.9%, 41.4% and 27.7% in patients with CKD
at stage 1-5 respectively; the proportion of
patients with reversed dipper BP was 9.6%,
29.3%, 34.1%, 51.7% and 63.8% in patients
with CKD at stage 1-5 respectively. The pro-
portion of dipper BP decreased, but that of
reversed dipper BP increased with the deterio-
ration of kidney function, and significant differ-
ence was observed among groups (x?=77.29,
P<0.05) (Table 3).

Cardiac function of patients in different groups
Significant differences were observed in the
LvDd, LVDs, LAD, LVPWT, IVST, LVM, LVMI,

LVEF, CK, cTnl and NT-proBNP of patients with
CKD at different stages (P<0.05), but no signifi-
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cant difference was found in CK-MB. The mean
LvVDd, LVDs, LAD, LVPWT, IVST, LVM, LVMI, CK,
cTnl and NT-proBNP increased gradually, but
the mean LVEF reduced gradually with the dete-
rioration of CKD. The mean LVDd, LAD, LVPWT,
IVST, LVM, LVMI and NT-proBNP in patients with
stage 1 and 2 CKD were significantly lower than
in those with stage 4 and 5 CKD (P<0.05). The
mean LVDs, CK and cTnl in patients with stage
1 CKD were significantly lower than in those
with stage 5 CKD (P<0.05). The mean LVEF in
stage 1 and 2 CKD patients were significantly
higher than in those with stage 4 and 5 CKD
(P<0.05) (Table 4).

Correlation between 24-hour ambulatory blood
pressure and cardiac function in non-dialysis
CKD patients

24 h-SBP was positively related to LVDd, LVDs,
LAD, LVPWT, IVST, LVM, LVMI, CK and NT-proBNP
(P<0.05), but negatively to LVEF (P<0.05). 24
h-DBP was positively related to LVDd, LVDs,
LAD, LVPWT, IVST, LVM, LVMI and NT-proBNP
(P<0.05) but negatively to LVEF (P<0.05). 24 h
MAP was positively related to LVDd, LVDs,
LAD, LVPWT, IVST, LVM, LVMI and NT-proBNP
(P<0.05), but negatively to LVEF (P<0.05).
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Table 4. Cardiac function of patients in different groups (X £ s)

Variables Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Fory P
(n=57) (n=43) (n=32) (n=29) (n=25)

LvVDd (mm) 44.22 + 3.57%¢ 44.5 + 3.72%¢ 44.91 + 3.59° 46.21 + 5.712° 46.66 + 3.977°° 5.352 0.000
LVDs (mm) 26.96 + 3.32¢ 26.67 + 3.25% 2753 +3.4 28.03 £ 5.7° 28.7 + 3.872° 3.487 0.008
LAD (mm) 37.14 + 4.38%4¢ 37.37 £ 4.51%¢ 38.51 + 4.25%¢ 39.36 + 5.08%° 40.81 + 4.062°° 8.349 0.000
LVPWT (mm) 9.08 + 0.9500de 9.51 + 0.97°%4¢ 9.88 + 1.76%°¢ 9.93 + 1.142be 10.79 + 1.273bcd 21.089 0.000
IVST (mm) 9.46 + 1.07°cde 10.07 + 1.28%4¢ 10.32 £ 1.232¢ 10.53 + 1.3 11.49 + 1.492bcd 28.106 0.000
LVEF 0.65 + 0.030ede 0.64 + 0.032cd¢ 0.63 £ 0.03204 0.61 + 0.062°¢ 0.62 + 0.042° 18.300 0.000
CK (U/L) 86.7 + 61.1° 97.24 + 63.06° 99.05 + 62.22¢ 111.12 + 68.44¢ 179.28 + 262.81*P¢¢  7.852 .000
CK-MB (U/L) 12.52 + 11.76 12.41 +6.28 13.36 + 7.41 12.24 + 5.47 15 + 14.53 .836  .503
cTnl (ng/mL) 0.02 + 0.02¢ 0.02 + 0.01¢% 0.03 +0.05 0.04 + 0.122° 0.04 + 0.042° 3.691 .006
NT-proBNP (pg/mL) 125.13 + 205.14% 233.64 + 425.03%° 430.92 + 902.08° 1085.31 + 1893.71>¢ 3238.13 + 5889.432¢d 24,436 .000
LVM (g) 136.31 + 33.09°¢%¢  148.32 + 34.3%%¢  156.1 + 47.03%¢ 168.93 + 48.8420¢ 191.62 + 46,920 20.712 .000
LVMI (g/m?) 74.19 + 16.97°°4¢  80.07 + 17.4224¢ 85,92 + 22,75%0¢ 90.82 + 22.412P¢ 106.6 + 22.522Pcd 28.532 .000

Notes: left ventricular end-diastolic diameter (LVDd); left ventricular end-systolic diameter (LVDs); left atrial diameter (LAD); left ventricular posterior wall thickness (LVPWT);
interventricular septal thickness (IVST); left ventricular ejection fraction (LVEF); creatine kinase (CK); creatine kinase isoenzyme MB (CK-MB); cardiac troponin | (cTnl); amino-
terminal pro-brain natriuretic peptide (NT-proBNP); left ventricular mass (LVM); left ventricular mass index (LVMI). #P<0.05 vs stage 1; °P<0.05 vs stage 2; °P<0.05 vs stage
3; 9P<0.05 vs stage 4; °P<0.05 vs stage 5.

Table 5. Correlation between blood pressure and cardiac color ultrasonography

Variables LVDd (mm) LVDs (mm) LAD (mm) LVPWT (mm) IVST (mm) LVEF  LVM(g) LVMI (g/m2)
24 h-SBP r0.223"  0.192" 0.288"  0.416™  0.508" -0.310" 0.419" 0.427"
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000
24 h-DBP r 0207 0207 0.155"  0.324  0.360" -0.212"° 0.347**  0.309""
P 0.000 0.000 0.001 0.000 0.000 0.000 0.000  0.000
24 h MAP r 0236 0218 0.242"  0.394  0.458" -0.280"" 0.410"° 0.393"
P 0.000 0.000 0.000 0.000 0.000  0.000 0.000  0.000
D-SBP r 0196 0471 0265  0.386"  0.476" -0.251" 0.385"  0.385"
P 0.000 0.000 0.001 0.000 0.000  0.000 0.000  0.000
D-DBP r 0186 0193 0.132"  0.298"  0.323" -0.155" 0.318"  0.274"
P 0.000 0.000 0.004 0.000 0.000 0.000 0.000  0.000
N-SBP r0.252" 0211 0.311"  0.438" 0540 -0.401" 0.448" 0.479"
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000
N-DBP r 0248  0.235" 0.199"  0.360"  0.421" -0.329"° 0.398" 0.387"
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000
SDof24hSBP r -0.028 0.012  0.109" 0.055 0.104* -0.041 0.036  0.031
P 0538 0.793 0.018 0.231 0.024 0370 0429  0.502
SDof 24 h-DBP r  -0.009 -0.024  0.020 0.021 0.039 -0.011 0.012  0.000
P  0.837 0.608 0.666 0.653 0.396 0.809 0.793  0.997
SDofD-SBP  r  0.017 0.032  0113°  0.153" 0477 -0.123" 0.106° 0.111"
P 0.708 0.491 0.013 0.001 0.000 0.007 0.021  0.016
SDofD-DBP r  0.010 0.018 0.052 0.088 0.088 -0.069 0.060  0.040
P 0.833 0.695 0.257 0.055 0.055 0134 0194  0.386
SDofN-SBP r 0.086 0.048  0.158"  0.179"  0.252"" -0.134** 0.198"  0.184"
P  0.061 0.291 0.001 0.000 0.000  0.003 0.000  0.000
SDof N-DBP  r  0.072 0.109*  0.132" 0.108" 0.142** -0.149" 0.131**  0.105"
P 0.115 0.017 0.004 0.018 0.002 0.001 0.004  0.021

Note: 24-hour average systolic blood pressure (24 h-SBP); 24-hour average diastolic blood pressure (24 h-DBP); 24-hour mean
arterial pressure (24 h-MAP); daytime average systolic blood pressure (D-SBP); daytime average diastolic blood pressure

(D-DBP); nighttime average systolic blood pressure (N-SBP) and nighttime average diastolic blood pressure (N-DBP); standard
deviation (SD); left ventricular end-diastolic diameter (LVDd); left ventricular end-systolic diameter (LVDs); left atrial diameter
(LAD); left ventricular posterior wall thickness (LVPWT); interventricular septal thickness (IVST); left ventricular ejection fraction

(LVEF); left ventricular mass (LVM); left ventricular mass index (LVMI). “P<0.05; *P<0.001.
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Table 6. Correlation between blood pressure and
serum CK, CK-MB, cTNI and NT-proBNP

Variables CK  CK-MB CTNI  NT-proBNP
(wLl) (/L) (ng/mL) (pg/mL)

24 h-SBP r 0109° 0.005 0.087 0.195"
P 0018 0921 0058  0.000

24 h-DBP r 0.043 -0.036 -0.005 0.118°
P 0352 0432 0916  0.010

24 h MAP r 0.082 -0.024 0.040 0.165"
P 0.073 0.605 0384  0.000

D-SBP r 0.084 0000 0.063 0178
P 0068 0999 0171  0.000

D-DBP r 0.021 -0.033 -0.026 0.100"
P 0643 0472 0578  0.029

N-SBP r 0436" 0.015 0.135" 0.211"
P 0.003 0.744 0.003  0.000

N-DBP r 0.086 -0.031 0051 0.149"
P 0.061 0498 0268  0.001
SDof24h-SBP r 0.018 -0.007 -0.009  0.039
P 0694 0875 0850 0.394
SDof24h-DBP r -0.020 -0.024 -0.019  -0.013
P 0663 0604 0679 0.781

SDofD-SBP  r 0.014 0.054 -0.018 0.074
P 0.759 0238 0.693  0.107

SDofD-DBP  r 0.022 0.081 0.088  0.086
P 0636 0076 0.056 0.061

SDofN-SBP  r -0.005 0.009 0.017  0.054
P 0905 0850 0.710  0.243

SDof N-DBP  r 0.061 0.033 0.007 -0.030
P 0485 0.473 0.887 0512

Note: 24-hour average systolic blood pressure (24 h-SBP); 24-hour
average diastolic blood pressure (24 h-DBP); 24-hour mean arte-
rial pressure (24 h-MAP); daytime average systolic blood pressure
(D-SBP); daytime average diastolic blood pressure (D-DBP); night-
time average systolic blood pressure (N-SBP); nighttime average
diastolic blood pressure (N-DBP); standard deviation (SD); creatine
kinase (CK); creatine kinase isoenzyme MB (CK-MB); cardiac
troponin | (cTnl); amino-terminal pro-brain natriuretic peptide (NT-
proBNP). “P<0.05; *"P<0.001.

D-SBP was positively related to LVDd, LVDs,
LAD, LVPWT, IVST, LVM, LVMI and NT-proBNP
(P<0.05), but negatively to LVEF (P<0.05).
D-DBP was positively related to LVDd, LVDs,
LAD, LVPWT, IVST, LVM, LVMI and NT-proBNP
(P<0.05), but negatively to LVEF (P<0.05).
N-SBP was positively related to LVDd, LVDs,
LAD, LVPWT, IVST, LVM, LVMI, CK, NT-proBNP
and cTnl (P<0.05), but negatively to LVEF
(P<0.05). N-DBP was positively related to LVDd,
LvDs, LAD, LVPWT, IVST, LVM, LVMI and
NT-proBNP (P<0.05), but negatively to LVEF
(P<0.05). Standard deviation of 24 h-SBP was

12478

positively related to LAD and IVST (r=0.109
and 0.104, P<0.05). Standard deviation of
24 h-DBP had no relationship with above
variables (P>0.05). Standard deviation of
D-SBP was positively related to LAD,
LVPWT, IVST, LVM and LVMI (P<0.05), but
negatively associated with LVEF (P<0.05).
Standard deviation of D-DBP had no rela-
tionship with above variables (P>0.05).
Standard deviation of N-SBP was positively
related to LAD, LVPWT, IVST, LVM and LVMI
(P<0.05), but negatively to LVEF (P<0.05).
Standard deviation of N-DBP was positively
related to LVDs, LAD, LVPWT, IVST, LVM
and LVMI (P<0.05), but negatively to LVEF
(P<0.05). Above results are shown in Tables
5and 6.

Correlation between BP rhythm and car-
diac function

Patients were divided into dipper BP group,
non-dipper BP group and reversed dipper
BP group. Analysis of variance showed sig-
nificant differences in the mean LVDd,
LVDs, LAD, LVPWT, IVST, LVM, LVMI, LVEF,
CK, cTnl and NT-proBNP among three
groups (P<0.05), but there was no marked
difference in CK-MB (P>0.05). The mean
LVEF was the highest in dipper BP group
and lowest in reversed dipper BP group; the
mean LVPWT, IVST, LVM and LVMI were the
highest in reversed dipper BP group and
lowest in dipper BP group; the mean LVDd,
LVDs, LAD, cTnl and NT-proBNP in reversed
dipper BP group were significantly higher
than in non-dipper BP group and dipper BP
group, but there were no marked differenc-
es between later two groups; the mean CK
in reversed dipper group was markedly
higher than in dipper BP group, but there
was no significant difference between non-
dipper BP group and reversed dipper BP group
and between non-dipper BP group and dipper
BP group (Table 7).

Multivariate linear regression analysis of cTnl,
NT-proBNP, LVMI and LVEF

cTnl, NT-proBNP, LVMI and LVEF were used as
dependent variables, and independent vari-
ables included 24 h-SBP, 24 h-DBP, 24 h-MAP,
D-SBP, D-DBP, N-SBP, N-DBP, standard devia-
tion (SD) of 24 h-SBP, SD of 24 h-DBP, SD of
D-SBP, SD of D-DBP, SD of N-SBP, SD of N-DBP,
BP rhythm, CKD stage, serum urea nitrogen,
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Table 7. Correlation between BP rhythm and cardiac function

Cardiac function in non-dialysis CKD patients

Dipper

Non-dipper

Reversed dipper

Variables (n=123) (n=91) (n=58) Forx? P

LvVDd (mm) 43.86 + 3.37 44.45 + 3.54 46.42 + 4.79%° 15.798 .000
LVDs (mm) 26.55 + 3.06 26.86 + 3.01 28.55 + 4.93%° 11.893 .000
LAD (mm) 36.92 + 3.99 37.69 +4.65 39.61 + 4.543° 12.571  .000
LVPWT (mm) 9.02+1.01 9.52 + 1.05° 10.22 + 1.592 30.003 .000
IVST (mm) 9.37 +1.23 10.04 +1.2° 10.78 + 1.392° 38.399 .000
LVEF 0.66 + 0.03 0.64 +0.022 0.61 + 0.05%° 75.849  .000
CK (u/L) 81.33+84.54 102.42 + 96.22 122.85 + 125.582 4.863 .008
CK-MB (u/L) 12.28 £ 5.99 12.61 + 8.49 13.7 + 12.69 .832 436
cTnl (ng/mL) 0.02 +0.01 0.02+0.01 0.04 £ 0.092° 8.332 .000
NT-proBNP (pg/mL) 154.1 + 531.97 540.14 + 2636.81 1144.22 + 2083.66%° 6.665 .001
LVM (g) 133.15 + 33.83 147.64 + 34.137 174.99 + 52.03% 35.846 .000
LVMI (g/m?) 70.63 + 15.83 81.07 + 16.137 95.78 + 26.472" 51.302 .000

Note: left ventricular end-diastolic diameter (LVDd); left ventricular end-systolic diameter (LVDs); left atrial diameter (LAD); left
ventricular posterior wall thickness (LVPWT); interventricular septal thickness (IVST); left ventricular ejection fraction (LVEF);
creatine kinase (CK); creatine kinase isoenzyme MB (CK-MB); cardiac troponin | (cTnl); amino-terminal pro-brain natriuretic
peptide (NT-proBNP); left ventricular mass (LVM); left ventricular mass index (LVMI). 2P<0.05 vs dipper BP group; °P<0.05 vs

non-dipper BP group.

Table 8. cTnl, NT-proBNP, LVMI and LVEF served as dependent variables

\?:r?ae;iznt Independent variables B SE B’ t P
LVEF (constant) 0.719 0.012 58.523 0.000
BP rhythm (Dipper, non-dipper and reversed dipper) -0.022 0.002 -0.427 -9.972 0.000
D-SBP 0.000 0.000 -0.112 -2.403 0.017
CKD stage -0.003 0.001 -0.107 -2.143 0.033
NT-proBNP (constant) -3379.898 1840.292 -1.837 0.067
Creatinine 2.732 0.970 0.186 2.815 0.005
PTH 11.718 2545 0.295 4.605 0.000
Ca 2856.165 796.582 0.171 3.586 0.000
BMI -64.974 24.748 -0.106 -2.625 0.009
HB -14.431 5.695 -0.133 -2.534 0.012
cTnl (constant) -.001 0.007 -0.199 0.842
Creatinine 4.292E-5 0.000 0.128 2.704 0.007
BP rhythm (Dipper, non-dipper and reversed dipper)  0.009 0.003 0.123 2.612 0.009
LVMI (constant) 33.663 7.089 4.748 0.000
Creatinine 0.039 .006 0.267 6.273 0.000
BP rhythm (Dipper, non-dipper and reversed dipper) 9.461 1.187 0.311 7971 0.000
Gender -6.432 1.620 -0.148 -3.971 0.000
D-SBP 0.244 0.049 0.204 4.958 0.000

Notes: left ventricular ejection fraction (LVEF); amino-terminal pro-brain natriuretic peptide (NT-proBNP); cardiac troponin |
(cTnl); left ventricular mass index (LVMI); blood pressure (BP); daytime average systolic blood pressure (D-SBP); chronic kidney
disease (CKD); parathyroid hormone (PTH); calcium (Ca); body mass index (BMI); hemoglobin (HB).

serum creatinine, serum uric acid, BMI, FPG,
HbAlc, serum alkaline phosphatase, serum
cholesterol, triglyceride, high-density lipopro-
tein cholesterol, low-density lipoprotein choles-
terol, serum PTH, serum Ca and serum P.
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Multivariate linear regression analysis was per-
formed among these factors. Results showed
1) BP rhythm, D-SBP and CKD stage had sig-
nificant influence on LVEF, especially the BP
rhythm and D-SBP; 2) BP rhythm and serum
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creatinine had significant influence on cTnl with
comparable extent; 3) BP, BP rhythm and SD
of BP had no influence on NT-proBNP; 4) BP
rhythm, D-SBP, serum creatinine and gender
had significant influence on LVMI, especially
the BP rhythm (Table 8).

Discussion

Studies on dynamic measurement of BP have
shown that the damage of hypertension to tar-
get organs is closely related to the BP, BP
rhythm and BP variability. In this retrospective
study, the characteristics of 24-hour ambulato-
ry blood pressure as well as the relationship
between BP and cardiac function were investi-
gated in 476 non-dialysis CKD inpatients, and
of note, the serum CK, CK-MB, cTnl and NT-
proBNP were also detected in these patients.

BP and its variability in non-dialysis patients
with CKD at different stages

For CKD patients, CKD may cause increase in
BP [18] and the increased BP is also a potent
factor causing CKD progression. Studies have
revealed that CKD patients usually have elevat-
ed BP and increased BP variability, which are
closely related to the kidney function [19].
These were consistent with our findings in this
study. Kidney is one of the major target organs
of BP, and the elevated BP and increased BP
variability may cause damage to the function
and structure of the kidney, which then worsen
the elevated BP, resulting in a vicious cycle.
Thus, to control the BP and its variability is cru-
cial for the renoprotection.

BP rhythm of non-dialysis patients with CKD at
different stages

When compared with simple hypertension pati-
ents, the incidence of abnormal BP rhythm is
relatively high in CKD patients, the nighttime
mean SBP in CKD patients is higher than in
non-CKD patients, and the circadian reduc-
tions in SBP and DBP in CKD patients are also
significantly lower than in non-CKD patients
[20, 21]. Our study indicated that the incidence
of abnormal BP rhythm increased significantly
with the deterioration of kidney function in CKD
patients, which may be explained as follows: 1)
The reduced GFR in CKD patients affects the
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excretion of sodium in the kidney and thus the
BP is more sensitive to sodium intake, which is
characterized by the abnormal BP rhythm and
increase in BP variability. This has been con-
firmed in clinical trials [22, 23]. 2) In the case of
CKD, the kidney is in a state of ischemia and
the endothelin increases significantly. The in-
crease in endothelin may not only increase BP,
but also alter the BP rhythm [24]. 3) The renin-
angiotensin-aldosterone system (RAAS) activa-
tion may cause the contraction or spasm of
renal artery, leading to the increase in BP [25].
Studies also reveal that RAAS activation may
also result in the abnormal BP rhythm [26].
4) In the case of CKD, the kidney injury may
induce the activation of sympathetic nervous
system. On this condition, the renal artery is
under high pressure, leading to the increase in
renal artery resistance and subsequent eleva-
tion of BP [27]. In addition, the activated sym-
pathetic nervous system may also activate
RAAS, further affecting BP rhythm. Thus, it is
recommended to regularly monitor the 24-h BP
in patients with kidney diseases, which is help-
ful for the early identification and early treat-
ment of kidney diseases.

Cardiac function in non-dialysis patients with
CKD at different stages

Kidney diseases may result in change in cardi-
ac function. The damage to cardiac structure is
characterized by left ventricular hypertrophy
(LVH), which refers to the increase in left ven-
tricular area, not the increase in the number of
cardiac myocyte [28]. Our results showed the
mean LVM, LVMI, CK, cTnl and NT-proBNP in
patients with stage 1 and 2 CKD were signifi-
cantly lower than in patients with stage 4 and 5
CKD, the mean LVEF in patients with stage 1
and 2 CKD patients was markedly higher than
those in patients with stage 4 and 5 CKD. There
was no marked difference in CK-MB among
these patients. These findings were consistent
with those reported by Mathew et al [29]. In
addition, the serum CK, CK-MB, cTnl and NT-
proBNP were also detected in patients with
CKD at different stages, and results indicated
that regular heart color Doppler ultrasound
examination was necessary for patients with
Kidney diseases. In addition, our results also
revealed the clinical importance of serum CK,
cTnl and NT-proBNP in CKD at different stages.
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Association of BP, BP variability and BP rhythm
with cardiac function in non-dialysis CKD
patients

Our results showed 24 h-SBP and N-SBP were
related to CK; N-SBP was related to cTnl, stan-
dard deviations of daytime SBP, nighttime SBP
and nighttime DBP were independently related
to LVM, LVMI and LVEF; BP rhythm was associ-
ated with LVM, LVMI, CK, cTnl and NT-proBNP.
This suggests that BP affects cardiac function
and BP variability and BP rhythm are also close-
ly related to cardiac function. Multivariate lin-
ear regression analysis showed BP rhythm,
D-SBP, and CKD stage had significant influence
on LVEF, especially the BP rhythm and D-SBP. In
addition, BP rhythm and serum creatinine also
affected cTnl with similar extent. BP, BP rhythm
and standard deviation of BP had no significant
infleunce on NT-proBNP. BP rhythm and D-SBP
had significant influence on LVMI, especially
the BP rhythm. These findings indicate that
BP rhythm and D-SBP may significantly affect
the cardiac function, especially the BP rhythm.
The mean LVMI was the largest in reversed
dipper BP group, mean LVEF the lowest in
reversed dipper BP group, and mean cTnl the
highest in reversed dipper BP group. This sug-
gests that reversed dipper BP rhythm has the
greatest influence on the cardiac function in
CKD patients without dialysis. As compared
with study conducted by Gong et al [30], this
study further investigated serum CK, CK-MB,
cinl and NT-proBNP in non-dialysis patients
with CKD at different stages. Our results re-
vealed that the reversed dipper BP rhythm and
high BP are easy to not only cause LVH, but
result in myocardial injury and left ventricular
dysfunction.

Conclusions

Thus, in the management of BP in CKD patients,
clinicians should not only pay attention to the
BP control, but also restore the normal BP
rhythm, which may delay the deterioration of
kidney function, inhibit the damage to cardiac
function and improve the prognosis of CKD.
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