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1  |  INTRODUC TION

Chronic kidney disease (CKD) is a mounting public health prob-
lem and substantially increases the risks of death and cardiovas-
cular disease (CVD).1 Since hypertension is one of the strongest 
risk factors for CVD,2 CKD patients with hypertension require 

more intensive blood pressure (BP) management and comprehen-
sive cardiovascular evaluations.3 Indeed, the various markers of 
subclinical target organ damage, including left ventricular hyper-
trophy (LVH), carotid intima-media thickness (CIMT), decline of 
estimated glomerular filtration rate (eGFR), and albuminuria, have 
been prospectively related to the risk of clinical cardiovascular 
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Abstract
Both morning hypertension (MH) and nocturnal hypertension (NH) are associated with 
severe target organ damage in patients with chronic kidney disease (CKD). However, 
the isolated or combined effects of MH and NH on target organ damage are less well-
defined. A cross-sectional study was conducted among 2386 non-dialysis CKD pa-
tients with ambulatory blood pressure monitoring. The authors categorized patients 
into four groups based on the presence or absence of MH and NH. Multivariate logistic 
analyses were used to evaluate the correlation between hypertension subtypes and 
target organ damage, including left ventricular hypertrophy (LVH), abnormal carotid 
intima-media thickness (CIMT), low estimated glomerular filtration rate (eGFR), and 
albuminuria. The percentages of isolated MH, isolated NH, and combined MH and NH 
were 2.3%, 24.0%, and 49.3%, respectively. Compared to patients without MH and 
NH, isolated MH was only related to low eGFR (2.26 [95% confidence interval: 1.00–
5.09]) and albuminuria (2.17 [95% CI: 1.03–4.54]). Meanwhile, combined MH and NH 
group compared to the group without MH and NH had a higher risk of LVH (2.87 [95% 
CI: 2.01–4.09]), abnormal CIMT (2.01 [95% CI: 1.47–2.75]), low eGFR (3.18 [95% CI: 
2.23–4.54]), and albuminuria (1.79 [95% CI: 1.33–2.40]), even in patients without day-
time hypertension. The risk of cardiovascular and renal damage was also observed in 
the isolated NH group. In conclusion, morning hypertension is associated with kidney 
dysfunction and has combined effects with nocturnal hypertension on cardiovascular 
damage in chronic kidney disease patients.
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disease events2,4,5 and also are important processes of clinical 
events and death. Proper management of hypertension has an im-
portant role in preventing the decline in renal function and the 
occurrence of cardiovascular damage.6–8

To accurately evaluate BP in patients with CKD, ambulatory blood 
pressure monitoring (ABPM) has to be performed.9,10 Several current 
guidelines11–13 recommend routine monitoring of both morning blood 
pressure and nighttime blood pressure in clinical practice. Large studies 
have clarified that both morning hypertension and nocturnal hyper-
tension are associated with a higher risk of target organ damage and 
adverse cardiovascular disease.14–18 However, the results regarding 
the single or incremental predictive ability of morning hypertension 
and nocturnal hypertension for subclinical target organ damage were 
inconsistent in the general population and hypertensive patients. The 
J-HOP study, which evaluated outpatients with at least one cardiovas-
cular risk factor, showed that higher morning BP, rather than nocturnal 
BP, had stand-alone predictive ability for left ventricular mass index and 
CIMT,14 contrary to the study in hypertensive populations.19 Moreover, 
the Hisayama Research of the community-dwelling individuals held an-
other different view that either isolated morning or evening hyperten-
sion had a significantly higher mean and maximum CIMT than those 
with normotension.20 Probably, the discrepancy in the findings between 
the studies may indicate that there are differences in the risk of morning 
BP and nocturnal BP when assessing different populations, races, and 
evaluation indicators.

As we know, no study had clarified the abovementioned associa-
tions in Chinese CKD patients, which is important, as these patients 
have a high cardiovascular risk. A better estimate of the burden of 
hypertension subtypes at different time and improved risk stratifi-
cation from ABPM in CKD patients should be well-recognized. In 
this backdrop, we modeled the associations between morning hy-
pertension and nocturnal hypertension, both alone and together, for 
LVH, abnormal CIMT, and impaired renal damage in Chinese CKD 
patients. The aim of our study was to assess the differential cor-
relation of hypertension in the morning and in the nighttime with 
subclinical cardiac, carotid, and renal damage.

2  |  METHODS

2.1  |  Participants

The study protocol was approved by the ethics committee of our 
hospitals and was approved by the Institutional Review Board. All 
patients signed written informed consent before data collection.

A total of 2551 CKD inpatients aged 18 to 75 years and com-
pleted ABPM for this cross-sectional study. We excluded 165 par-
ticipants according to the following criteria: dialysis or transplant; 
changes in eGFR > 30% in the previous 3 months; pregnancy; atrial 
fibrillation; inadequate ABPM readings; night work or shift-work 
employment; and inability to communicate and comply with all of 
the study requirements. Finally, a total of 2386 CKD patients were 
included in the current analysis. In terms of causes of renal disease, 
1307 patients had chronic glomerulonephritis; 297 patients had 

diabetic nephropathy; 103 patients had hypertensive nephropathy; 
and 679 patients had other causes of renal disease.

2.2  |  Blood pressure measurement

Ambulatory blood pressure monitoring was performed via calibrated 
devices in our clinic centers and programmed at 15-min intervals 
during the daytime and 30-min intervals at night. An appropriate 
ABPM cuff was placed on the nondominant arm. Valid measurement 
was regarded as successful recording of a minimum 20 valid daytime 
and at least 7 valid nighttime measurements, and at least 70% of 
the expected 24-h readings.11,21 Day and night periods were defined 
according to sleeping and waking times reported by the patient. 
Morning period was defined as the first 2 h after the wake-up time.22

Using ambulatory thresholds,11 regardless of antihypertensive 
drugs, morning hypertension (MH) was defined as morning systolic 
BP (SBP) ≥135 mm Hg or/and diastolic BP (DBP) ≥85 mm Hg 22,23; 
daytime hypertension was defined as daytime SBP ≥ 135 mm Hg or/
and DBP ≥ 85 mm Hg; nocturnal hypertension (NH) was defined as 
nighttime SBP ≥ 120 mm Hg or/and DBP ≥ 70 mm Hg. Isolated MH 
was defined as the presence of MH without NH. Isolated NH was 
defined as the presence of NH without MH. Combined MH and NH 
was defined as the presence of both MH and NH.

2.3  |  Cardiac assessment

Echocardiography was performed in accordance with the recom-
mendations of the American Society of Echocardiography and the 
European Association of Cardiovascular Imaging.24

Linear measurements of end-diastolic interventricular septal wall 
thickness, left ventricular end-diastolic diameter, and end-diastolic pos-
terior wall thickness were assessed using M-mode tracings to calculate 
left ventricular mass (LVM).25 LVH was defined as >115 g/m2 in men 
and >95 g/m2 in women, after LVM normalized to body surface area.26

2.4  |  Carotid ultrasonography

B-mode ultrasonography (SonoSite) was used to assess the CIMT. It was 
achieved by averaging three measurements taken on the points proximal 
to the bilateral carotid bulb at end diastole and in a plaque-free segment 
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.27 Abnormal CIMT referred to CIMT > 0.9 mm.28

2.5  |  Renal assessment

An isotope dilution mass spectrometry-traceable methodology 
was utilized to determine serum creatinine, and eGFR was esti-
mated using the CKD-Epidemiology Collaboration (CKD-EPI) for-
mula. Patients were divided into five stages according to the level 
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of eGFR. A first morning urine sample was also collected on the day 
of ambulatory blood pressure measurement to measure the con-
centration of urinary albumin and creatinine by immunoturbidim-
etry. Impaired renal function included low eGFR (eGFR < 60 ml/
min/1.73  m2) and albuminuria (urinary albumin creatinine ratio 
[UACR] >300 mg/g).2

2.6  |  Other measurements

Patient data including sociodemographic and clinical character-
istics, medical history, and current therapy were obtained from 
interviews and physical examinations at the initial study visit and 
from clinical records. Body mass index was defined as weight in 
kilograms divided by the height in meters squared. Diabetes mel-
litus was defined as self-reported history of a physician's diagno-
sis, diabetes medication use, or a fasting blood glucose level of 
126 mg/dl or higher or a non-fasting glucose level of 200 mg/dl 
or higher.29 History of CVD including angina pectoris, myocar-
dial infarction, and stroke was ascertained that were previously 
diagnosed. Additionally, A fasting blood sample was collected to 
measure hemoglobin, albumin, calcium, phosphorus, intact para-
thyroid hormone, serum fasting glucose, cholesterol, high-density 
lipoprotein cholesterol, low-density lipoprotein cholesterol, ho-
mocysteine, uric acid, serum creatinine, and blood urea nitrogen 
in our central laboratory.

2.7  |  Statistical analysis

Data were tested for normal distribution using the Kolmogorov-
Smirnov test. Continuous variables are presented as the mean ± stand-
ard deviation (SD) for normally distributed variables and as the median 
(interquartile range) for non-normally distributed variables. Frequency 
and proportions were used for categorical variables. We used one-way 
ANOVA or nonparametric tests to compare continuous variables and 
the chi-square test to compare categorical variables. The Bonferroni 
method was used for post hoc pairwise comparisons. Univariate and 
multivariate logistic regression analyses were used to explore the risk of 
target organ damage associated with BP types. In a sensitivity analysis, 
participants with daytime hypertension were excluded. p values < .05 
were considered statistically significant. All statistical analyses were per-
formed using SPSS version 25 (IBM Corp.) and R Version 3.6.0. Graphs 
were generated with GraphPad Prism 8 (GraphPad Software Inc).

3  |  RESULTS

3.1  |  Baseline characteristics

Of the 2386 non-dialysis CKD participants, the mean age was 
46.6  ±  15.1  years, and 55.4% were male. The average number of 
readings in 24 h, morning, daytime, and nighttime was 64.5 ± 7.6, 

4.0 ± 0.8, 52.3 ± 7.3, and 12.2 ± 1.5, respectively. The prevalence 
of patients without MH and NH, with isolated MH, with isolated 
NH, and with combined MH and NH among all patients was 24.4%, 
2.3%, 24.0%, and 49.3%, respectively. Compared with patients with-
out MH and NH, patients with isolated or combined MH and NH 
were all significantly older, had a higher prevalence of diabetes mel-
litus and antihypertensive treatment, and had a higher blood urea 
nitrogen, serum creatinine, serum fasting glucose, phosphate, intact 
parathyroid hormone, and UACR, but a lower eGFR and hemoglobin 
(p < .001) (Table 1).

3.2  |  Prevalence of target organ damage

The prevalence of LVH, abnormal CIMT, low eGFR, and albuminu-
ria in patients without MH and NH was 10.3%, 14.3%, 19.1%, and 
47.5%, respectively. Comparing to the patients without MH and NH, 
patients with isolated MH had similar prevalence of LVH (17.9%), 
abnormal CIMT (21.4%), and albuminuria (69.6%), but a higher 
prevalence of low eGFR (44.6%). Meanwhile, the prevalence of LVH 
(20.3%), abnormal CIMT (30.8%), low eGFR (43.0%), and albuminuria 
(58.4%) in patients with isolated NH was higher than that in patients 
without MH and NH. There was significant difference in the pro-
portion of target organ damage between the isolated NH group and 
the combined MH and NH group except for albuminuria. The differ-
ence in the proportion of target organ damage between the four BP 
groups showed a linear trend (p < .001) (Figure 1).

3.3  |  BP types in different CKD stages

The prevalence of patients without MH and NH decreased with 
the advancement of CKD (44.4% and 7.6% in stage 1 and stage 5, 
respectively). And similar trend was found in the prevalence of pa-
tients with isolated NH (28.5% and 15.4% in stage 1 and stage 5, 
respectively). In contrast, there was a stepwise increase in the preva-
lence of patients with combined MH and NH by CKD stage (24.6% 
and 75.2% in stage 1 and stage 5, respectively). Instead, the preva-
lence of isolated MH increased from 2.5% to 3.1% from stages 1 to 3, 
respectively, and then decreased to 0.9% and 1.8% in stages 4 and 5, 
respectively. We found a linear trend in the proportion of BP types 
across the CKD stages (p <  .001) except for patients with isolated 
MH (p = .299) (Table 2).

3.4  |  Association between BP types and 
target organ damage

In the multivariate logistic regression analyses, after adjusting for 
other risk factors, both morning BP and nocturnal BP, as continu-
ous variables, were risk factors for subclinical target organ damage 
(Supplemental Table S1). Compared to the patients without MH and 
NH, isolated MH was associated only with higher risk of low eGFR 
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TA B L E  1  Clinical and ambulatory BP characteristics of patients

Without NH With NH
p 
valueWithout MH (N = 581) With MH (N = 56) Without MH (N = 572) With MH (N = 1177)

Age, y 39.2 ± 14.6 47.6 ± 14.1 46.9 ± 14.9 50.2 ± 14.2 <.001

Male, N (%) 264 (45.4) 32 (57.1) 307 (53.7) 719 (61.1) <.001

BMI, kg/m2 22.6 ± 4.0 22.8 ± 2.9 23.8 ± 4.2 24.1 ± 3.9 <.001

Current smoker, N (%) 95 (16.4) 14 (25.0) 126 (22.0) 300 (25.5) <.001

Alcohol intake, N (%) 61 (10.5) 7 (12.5) 83 (14.5) 188 (16.0) .021

Diabetes mellitus, N (%) 44 (7.6) 10 (17.9) 122 (21.3) 302 (25.7) <.001

CVD history, N (%) 26 (4.5) 5 (8.9) 58 (10.1) 189 (16.1) <.001

Hypertension, N (%) 97 (16.7) 22 (39.3) 260 (45.5) 897 (76.2) <.001

Antihypertension drugs, N (%) 311 (53.5) 40 (71.4) 369 (64.5) 1007 (85.6) <.001

ACEI, N (%) 36 (6.2) 3 (5.4) 37 (6.5) 67 (5.7) .91

ARB, N (%) 225 (38.7) 26 (46.4) 194 (33.9) 467 (39.7) .06

β-blockers, N (%) 35 (6.0) 7 (12.5) 94 (16.4) 374 (31.8) <.01

Calcium channel blockers, 
N (%)

67 (11.5) 16 (28.6) 197 (34.4) 754 (64.1) <.01

α-blocker, N (%) 9 (1.5) 2 (3.6) 21 (3.7) 192 (16.3) <.01

Statins, N (%) 87 (15.0) 16 (28.6) 109 (19.1) 269 (22.9) <.001

FBG, mmol/L 4.7 (4.3–5.2) 4.9 (4.4–5.8) 4.9 (4.4–5.6) 5.0 (4.5–5.8) <.001

Hemoglobin, g/L 128.6 ± 23.4 126.4 ± 22.6 124.6 ± 25.7 114.6 ± 29.1 <.001

Serum albumin, g/L 37.3 ± 8.1 35.5 ± 8.6 37.4 ± 7.3 35.9 ± 7.2 <.001

Homocysteine, µmol/L 11.7 (8.7–16.0) 13.8 (9.5–19.1) 14.2 (10.5–18.4) 16.6 (12.6–21.3) <.001

Uric acid, mmol/L 390.4 ± 120.8 429.1 ± 137.5 434.8 ± 134.9 475.9 ± 137.3 <.001

Cholesterol, mmol/L 5.3 ± 2.3 5.1 ± 2.5 5.3 ± 2.1 5.3 ± 2.1 .945

HDL-C, mmol/L 1.2 ± 0.4 1.3 ± 0.6 1.1 ± 0.3 1.1 ± 0.4 <.001

LDL-C, mmol/L 2.8 (2.2–3.6) 3.0 (2.4–4.6) 2.8 (2.2–3.5) 2.9 (2.2–3.5) .289

Serum calcium, mmol/L 2.1 (2.0–2.2) 2.2 (2.0–2.3) 2.1 (2.0–2.2) 2.1 (2.0–2.2) .005

Serum phosphate, mmol/L 1.1 (0.9–1.2) 1.1 (1.0–1.3) 1.1 (0.9–1.3) 1.2 (1.0–1.4) <.001

iPTH, pmol/L 5.3 (3.6–9.5) 6.0 (3.2–20.2) 6.0 (3.8–9.8) 8.9 (4.9–20.2) <.001

Blood urea nitrogen, mmol/L 4.9 (3.9–6.5) 6.3 (4.0–12.2) 6.3 (4.6–10.4) 9.6 (6.0–18.4) <.001

Serum creatinine, µmol/L 76.0 (59.0–104.0) 99.0 (62.5–162.2) 97.5 (69.0–179.7) 170.0 (95.0–471.0) <.001

eGFR, ml/min/1.73 m2 98.0 (71.0–118.0) 63.0 (37.9–102.5) 69.0 (33.0–103.0) 36.2 (10.9–73.1) <.001

UACR, mg/g 269.9 (42.0–987.6) 705.5 (112.5–1392.2) 438.4 (83.0–1260.0) 987.6 (252.3–2065.8) <.001

Clinic-SBP, mm Hg 121.2 ± 17.8 131.7 ± 17.1 132.3 ± 20.5 149.8 ± 23.2 <.001

Clinic-DBP, mm Hg 76.9 ± 10.8 80.6 ± 10.3 83.7 ± 12.1 91.1 ± 14.6 <.001

24 h-SBP, mm Hg 110.4 ± 8.5 120.7 ± 9.8 121.9 ± 9.5 141.1 ± 14.9 <.001

24 h-DBP, mm Hg 68.5 ± 5.5 74.1 ± 5.6 78.8 ± 5.9 88.6 ± 9.5 <.001

Daytime-SBP, mm Hg 112.4 ± 9.0 124.0 ± 10.4 122.9 ± 9.8 141.9 ± 15.0 <.001

Daytime-DBP, mm Hg 70.3 ± 6.2 76.5 ± 6.1 79.6 ± 6.5 89.4 ± 9.8 <.001

Nighttime-SBP, mm Hg 102.3 ± 7.7 105.9 ± 8.5 118.7 ± 10.6 137.6 ± 17.0 <.001

Nighttime-DBP, mm Hg 62.0 ± 5.2 63.3 ± 4.7 75.8 ± 5.8 85.5 ± 10.7 <.001

Morning-SBP, mm Hg 109.8 ± 10.1 138.4 ± 12.2 118.4 ± 9.0 144.9 ± 16.3 <.001

Morning-DBP, mm Hg 68.2 ± 7.6 87.4 ± 9.6 76.0 ± 6.1 92.0 ± 10.2 <.001

Note: Data are presented as numbers and percentages, means and standard deviations, or median and quartile ranges.
Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index; CVD, cardiovascular 
disease; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; FBG, serum fasting glucose; HDL-C, high-density lipoprotein 
cholesterol; iPTH, intact parathyroid hormone; LDL-C, low-density lipoprotein cholesterol; MH, morning hypertension; NH, nocturnal hypertension; 
SBP, systolic blood pressure; UACR, urinary albumin-to-creatinine ratio.
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(2.26 [95% CI: 1.00–5.09]) and albuminuria (2.17 [95% CI: 1.03–
4.54]). There were no relationships between isolated MH with LVH 
(1.36 [95% CI: 0.60–3.09]) and abnormal CIMT (0.89 [95% CI: 0.42–
1.85]). Patients with isolated NH, and combined MH and NH had 
clearly higher odds of target organ damage including LVH, abnormal 
CIMT, low eGFR, and albuminuria compared to those without MH 
and NH. The OR of the isolated NH was 1.63 (95% CI: 1.10–2.41) 
for LVH, 1.60 (95% CI: 1.15–2.22) for abnormal CIMT, 2.12 (95% CI: 
1.45–3.11) for low eGFR, and 1.52 (95% CI: 1.12–2.05) for albuminu-
ria. The OR of the combined MH and NH was 2.87 (95% CI: 2.01–
4.09) for LVH, 2.01 (95% CI: 1.47–2.75) for abnormal CIMT, 3.18 
(95% CI: 2.23–4.54) for low eGFR, and 1.79 (95% CI: 1.33–2.40) for 
albuminuria (Figure 2).

3.5  |  Sensitivity analysis

When we excluded 1145 participants with daytime hypertension, 
the association of hypertension subtypes with target organ dam-
age remained similar to that observed in the total population, except 

that isolated MH was not associated with albuminuria in multivariate 
analysis (Supplemental Figure S1).

4  |  DISCUSSION

In this cross-sectional study, we first reported the different rela-
tionships between isolated and combined morning hypertension 
and nocturnal hypertension with subclinical target organ dam-
age in Chinese non-dialysis CKD patients. We demonstrated that 
morning hypertension, without nocturnal hypertension, was only 
associated with renal injury. The risks of LVH, abnormal CIMT, 
and impaired renal damage conferred by isolated nocturnal hy-
pertension and combined morning and nocturnal hypertension 
were relatively high. These findings were largely consistent in the 
sensitivity analysis of patients with normal daytime BP. Therefore, 
morning hypertension might be an important risk factor for renal 
dysfunction and have combined effects with nocturnal hyperten-
sion on the subclinical cardiovascular and renal injury in patients 
with CKD.

F I G U R E  1  Comparison of target 
organ damages in four blood pressure 
groups. LVH, left ventricular hypertrophy; 
CIMT, carotid intima-media thickness; 
eGFR, estimated glomerular filtration 
rate; TOD, target organ damage; M+, 
with morning hypertension; M−, without 
morning hypertension; N+, with nocturnal 
hypertension; N−, without nocturnal 
hypertension

Without NH With NH

Without MH 
(N = 581)

With MH 
(N = 56)

Without MH 
(N = 572)

With MH 
(N = 1177)

CKD 1 343 (44.4) 19 (2.5) 220 (28.5) 190 (24.6)

CKD 2 127 (28.4) 12 (2.7) 106 (23.7) 202 (45.2)

CKD 3 56 (12.5) 14 (3.1) 115 (25.7) 262 (58.6)

CKD 4 18 (7.7) 2 (0.9) 56 (24.0) 157 (67.4)

CKD 5 37 (7.6) 9 (1.8) 75 (15.4) 366 (75.2)

p-trend value <.001 .299 <.001 <.001

Abbreviations: CKD, chronic kidney disease; MH, morning hypertension; NH, nocturnal 
hypertension.

TA B L E  2  Blood pressure types in 
different CKD stages
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Since morning hypertension and nocturnal hypertension are ro-
bust predictors of incident stroke events, incident CVD events, and 
sudden death,30–32 numerous guidelines, including the Asian con-
sensus on hypertension, have pointed out that the assessment of 
ambulatory BP to evaluate morning hypertension and nocturnal hy-
pertension should be monitored and managed regularly in patients 
at high risk of CVD. In our study, the prevalence of morning hyper-
tension and nocturnal hypertension was high, 51.7% and 73.3%, re-
spectively. But the prevalence of isolated MH and isolated NH was 
relatively low, corresponding to relatively high proportion of combined 

morning and nocturnal hypertension. This phenomenon may due to 
the strong correlation between morning SBP/DBP and nighttime SBP/
DBP (Pearson's r = 0.82/0.77), and the high prevalence of non-dipping 
and reverse dipping pattern in CKD patients.33,34Additionally, the pro-
portion of combined morning and nocturnal hypertension increased 
with the decline of eGFR, which may be associated with the gradually 
increased cardiovascular risk with the advancement of CKD stages.35 
As such, the different prevalence of hypertension subtypes in patients 
with CKD reinforces the need to routine measure morning and night-
time BP for a full characterization of the burden of hypertension.

F I G U R E  2  Multivariable logistic regression analysis for blood pressure types and target organ damage. Unadjusted model only contains 
blood pressure types. Additional adjustment variables for LVH include age, gender, alcohol intake, diabetes mellitus, cardiovascular disease 
history, antihypertensive drugs, hemoglobin, serum albumin, uric acid, homocysteine, serum fasting glucose, cholesterol, HDL-C, LDL-C, 
serum phosphate, iPTH, and eGFR; additional adjustment variables for abnormal CIMT include age, gender, BMI, current smoking, diabetes 
mellitus, cardiovascular disease history, antihypertensive drugs, statin, hemoglobin, serum albumin, uric acid, homocysteine, serum fasting 
glucose, and HDL-C, iPTH, eGFR; additional adjustment variables for low eGFR include age, gender, current smoking, diabetes mellitus, 
cardiovascular disease history, antihypertensive drugs, hemoglobin, uric acid, homocysteine, cholesterol, HDL-C, LDL-C, serum phosphate, 
and iPTH; and additional adjustment variables for albuminuria include age, gender, alcohol intake, diabetes mellitus, cardiovascular disease 
history, antihypertensive drugs, statin, hemoglobin, serum albumin, homocysteine, uric acid, cholesterol, HDL-C, LDL-C, serum phosphate, 
iPTH, and eGFR. BMI, body mass index; CIMT, carotid intima-media thickness; eGFR, estimated glomerular filtration rate; HDL-C, high-
density lipoprotein cholesterol; iPTH, intact parathyroid hormone; LDL-C, low-density lipoprotein cholesterol; LVH, left ventricular 
hypertrophy; M−, without morning hypertension; M+, with morning hypertension; N−, without nocturnal hypertension; N+, with nocturnal 
hypertension
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Earlier studies have shown an increased risk of morning hyper-
tension and nocturnal hypertension per se with both target organ 
damage and adverse cardiovascular outcomes.36,37 In the present 
analysis, we extended these findings by demonstrating the dis-
crepancy effects of single and coexisting morning hypertension 
and nocturnal hypertension on subclinical target organ damage in 
patients with CKD. From the perspective of renal damage, we no-
ticed that CKD patients with isolated morning hypertension had 
similar ability to discriminate renal damage with isolated nocturnal 
hypertension. As this was a cross-sectional clinical analysis, we 
cannot rule out the mechanisms by why isolated morning hyper-
tension has a strong association with the decline in renal function. 
In fact, according to a prospective cohort study of Japanese CKD 
population and the J-HOME-Morning Study, elevated morning BP 
during the follow-up period is the best predictor of decline in renal 
function characterized by the change in eGFR among SBP mea-
sured at different times in CKD patients,38,39 which agrees with 
our results. In addition, the Yokohama add-on inhibitory efficacy 
of dapagliflozin on albuminuria in Japanese patients with type 2 
diabetes study (Y-AIDA study), a prospective, multicenter, single-
arm study, suggested that improved morning home systolic BP 
with dapagliflozin was associated with albuminuria reduction.40 
Then, on our point of view, the single elevated morning BP confers 
serious risk of kidney injury and apparently requires timely identi-
fied and proper management.

Instead, we found that CKD patients with single elevated morn-
ing BP were less sensitive to discriminate LVH and abnormal CIMT 
than that of isolated nocturnal hypertension. The reasons for this 
phenomenon may be multifaceted. First of all, it is well recognized 
that morning BP increase is a physiological phenomenon resulting 
from a high nocturnal BP or an exaggerated morning BP surge.41,42 
A Chinese study43 including 287 individuals with both office and 
ABPM-based BP values within the normal ranges demonstrated that 
elevated morning surge is the main cause of morning hypertension 
in patients without sustained hypertension during sleep, and morn-
ing hypertension could not affect LVMI independently of morning 
surge. However, the relatively low morning BP surge in CKD patients 
due to the increased proportion of non-dipping in CKD33 may not 
establish a link between isolated morning hypertension and cardio-
vascular injury, just as an authoritative evidence suggested, only pa-
tients with an extreme condition of morning BP surge rates >95th 
percentile (43.7 mm Hg) can be associated with a harmful effect.23 
Additionally, the fact that patients with isolated morning hyperten-
sion had similar prevalence of LVH and abnormal CIMT as compared 
to patients without morning and nocturnal hypertension may also 
reflect the poor correlation between isolated morning hypertension 
and cardiovascular injury. Nevertheless, morning hypertension still 
cannot be ignored due to its joint effect with nocturnal hypertension 
on the risk of cardiac and carotid damage. In our study, most of the 
patients with high nocturnal BP also have high morning BP, resulting 
in the combined morning and nocturnal hypertension became the 
dominant type of hypertension. Sustained hypertension represents 
long-standing hypertension, an advanced stage of organ damage, or 

multiple comorbidities.44 An increasing evidences,36,37,45 such as the 
Jackson Heart Study,46 the Pressioni Arteriose Monitorate E Loro 
Associazioni (PAMELA) study,47 and our previous study in Chinese 
non-dialysis CKD patients,17 all support the importance of sustained 
hypertension, for the high risk of increased LVM, LVH, and abnormal 
CIMT. And the same conclusion about impaired renal function have 
also been confirmed in our previous studies.17,18 Therefore, identify-
ing morning hypertension, which is associated with nocturnal hyper-
tension, might also be clinically relevant in terms of the risk of severe 
target organ damage.

4.1  |  Study limitations

The strengths of this study include its first comprehensive assess-
ment of clinical value of the isolated and combined morning and noc-
turnal hypertension in Chinese CKD patients, and a relatively large 
sample size. However, a number of limitations to the current study 
need to be considered. First, this study is cross-sectional and obser-
vational in nature, which limits the assessment of causality. Second, 
our findings may not be generalized to other racial/ethnic groups 
due to the fact that all of the participants were Chinese. Third, some 
of our recruited participants were on antihypertensive medication, 
which could potentially impact our observations. But we were un-
able to assess the effect of changes in BP phenotypes for a small 
number of patients without antihypertensive drugs. Fourth, it has 
been shown that taking drugs before sleeping has a certain effect on 
the control of nocturnal hypertension.48 However, the lack of data 
on nocturnal medication in our study made it impossible to deter-
mine whether nocturnal medication played any role in the observed 
association. Fifth, studies in Western countries showed that the 
reproducibility of ABPM is not perfect, especially when examining 
nighttime BP status.49 Due to the changes in season, temperature, 
emotional state, antihypertensive drugs, and sleep quality, the fluc-
tuation of blood pressure at night may be relatively large. However, 
the extent that these results could be applied to other populations 
including Chinese is not known and more research in various eth-
nicities is needed. Finally, the outcomes assessed in this paper are 
just surrogates for clinical cardiovascular disease, and longitudinal 
follow-up study was needed to determine whether the distinct hy-
pertension subtypes are associated with increased risk of cardiovas-
cular events and kidney disease progression.

5  |  CONCLUSIONS

We have highlighted the different risk of target organ damage con-
ferred by isolated and combined morning hypertension and noctur-
nal hypertension in non-dialysis CKD patients. Patients with isolated 
morning hypertension could be related to renal dysfunction. And the 
combined effect of morning hypertension and nocturnal hyperten-
sion on the serious cardiac and carotid damage also apparently de-
serves attention. Further studies are warranted in the clinical setting 
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to investigate whether treating the single or combined hypertension 
status would reduce the cardiovascular risk and which therapeutic 
strategy would be effective in treating those forms of high blood 
pressure.
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