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INTRODUCTION 
 

Chronic kidney disease (CKD) is a major global public 

health problem. Even in the early stage, CKD patients 

have a higher risk of cardiovascular disease (CVD) [1, 

2]. Although elevated blood pressure (BP) has long 

been established as an important risk factor for CVD in 

CKD patients [3], the risk conferred by hypertension 

subtypes including isolated systolic hypertension (ISH), 

isolated diastolic hypertension (IDH), and systolic-

diastolic hypertension (SDH) [4, 5] has not been well 

examined. ISH is mostly related to increased arterial 

stiffness and IDH is associated with elevated vascular 

resistance in the arteriolar sector [6]. In the clinic, there 

has been a gradual shift from diastolic (D)BP to systolic 

(S)BP as the main predictor of cardiovascular risk with 

advanced age [7, 8]. Recent data from hypertensive 

patients and the general population have demonstrated 

age-related differences in the association of ISH and 

IDH with subclinical target organ damage. Their main 

findings were that ISH, rather than IDH, was related to 

cardiac damage regardless of age [9–11], and ISH 
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ABSTRACT 
 

The aim of this study was to investigate associations between age-dependent variations in isolated 
systolic/diastolic hypertension (ISH/IDH) with target organ damage in chronic kidney disease (CKD). A cross-
sectional study was conducted among 2,459 CKD patients with ambulatory blood pressure monitoring. Blood 
pressure was categorized into four groups: normotension, ISH, IDH, and systolic-diastolic hypertension. The 
outcome measurements were left ventricular mass index (LVMI), estimated glomerular filtration rate(eGFR), 
and urinary albumin creatinine ratio (ACR). Older patients (≥60-years-old) had a higher prevalence of ISH and a 
lower prevalence of IDH than younger patients (<60-years-old). In multivariate analysis, compared with the 
normotension group, younger patients with ISH were associated with higher LVMI (+14.4 g/m2), lower eGFR 
(−0.2 log units), and higher ACR (+0.5 log units); but younger patients with IDH were only associated with lower 
eGFR (−0.2 log units) and higher ACR (+0.4 log units). Among older patients, ISH was correlated with higher 
LVMI (+8.8 g/m2), lower eGFR (−0.2 log units), and higher ACR (+1.0 log units), whereas IDH was not associated 
with these renal/cardiovascular parameters. In conclusion, ISH was associated with a relatively high risk of 
target organ damage irrespective of age, whereas IDH was only correlated with renal injury in younger CKD 
patients. 
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conferred increased risk of diminished kidney function, 

which corresponded with increased serum creatinine 

among older participants [12]. In contrast, IDH was 

associated with a higher risk of renal damage such as 

albuminuria only in younger participants [4]. 
 

To the best of our knowledge, data on the correlation of 

ISH or IDH with subclinical cardiac damage in different 

age groups of CKD patients are scarce. Limited 

research [13] has been focused on the ability to predict 

increased risk of end-stage renal disease (ESRD) 

by ISH and IDH as determined by clinical  

BP measurements, but without age stratification. 

Additionally, ambulatory BP monitoring (ABPM) can 

substantially refine risk stratification [14], which can be 

applied to this research. It has been demonstrated that 

the presence of increased left ventricular mass index 

(LVMI) and albuminuria as well as reduced estimated 

glomerular filtration rate (eGFR) in patients with CKD 

is associated with worsening cardiovascular outcomes 

[3, 15]. Therefore, we enrolled 2459 CKD patients into 

this study with ABPM to explore associations between 

renal/cardiovascular parameters and ISH or IDH in 

different age groups. 

 

RESULTS 
 

BP types and baseline characteristics 
 

A total of 2459 patients were included in this study. The 

mean age of participants was 46.8±14.9-years-old, and 

1091 patients (44.4%) were women. The mean eGFR 

was 58.2 mL/min/1.73 m2. The prevalence of 

normotension (NM), ISH, IDH, and SDH among all 

patients were 38.3%, 7.6%, 15.7%, and 38.4%, 

respectively. Table 1 shows baseline characteristics of 

the patients divided into two age groups (<60- versus 

≥60-years-old) and four BP types. There were 1,894 

patients in the group of younger individuals (<60-years-

old) and 565 patients in the group of older participants. 

ISH, IDH and SDH were found in 4.0%, 17.8%, and 

37.2% of younger patients and in 19.8%, 8.7%, and 

42.3% of older patients, respectively. The proportion of 

patients in each BP group was significantly different 

between the two age groups (all P<0.05). In pairwise 

comparisons, eGFR and ACR among the ISH and SDH 

patients showed no significant difference, but were 

higher than in the IDH and NM patients among both the 

younger and older cohorts. We also observed a similar 

trend for LVMI among the elderly patients when 

divided in to the BP groups; however, for the younger 

cohort, LVMI was highest in the SDH group followed 

by the ISH, IDH, and NM groups (all P<0.05). In the 
comparison between the two age groups, among those 

in the normotension group, elderly patients had higher 

LVMI levels than younger patients (P<0.01). The eGFR 

levels were significantly lower in elderly patients 

compared with younger patients, except in the ISH and 

SDH groups. 

 

BP types in different CKD stages 

 

The prevalence of hypertensive subtypes in different 

stages of CKD is shown in Table 2. The overall rate of 

NM was 38.3%, which decreased with advancement of 

CKD (from 63.7% in stage 1 to 15.7% in stage 5). 

There was a stepwise increase in the prevalence of ISH 

and SDH by CKD stage (ISH: 3.7% and 13.4% in 

stages 1 and 5, respectively; SDH: 17.4% and 63.6% in 

stages 1 and 5, respectively). In contrast, the prevalence 

of IDH increased from 15.2% to 22.4% from stages 1 to 

3, respectively, and then decreased to 12.8% and 7.3% 

in stages 4 and 5, respectively. We found a linear trend 

in the proportion of BP types across the CKD stages in 

all four BP types (P<0.05). These trends were consistent 

between younger and older patients except for the 

proportion of IDH in older patients, which began to 

decline at stage 3. 

 

Associations between age, BP types, and sub-clinical 

target organ damage in CKD patients 

 

In univariate analyses, ISH, IDH, and SDH were 

correlated with higher LVMI and ACR, and lower eGFR 

(Model 1 in Table 3) when each was compared with 

NM. After adjusting for older age (≥60 years), these 

associations remained statistically significant (Model 2 

in Table 3). Older patients had higher LVMI (+6.1 g/m2) 

and lower eGFR (−0.3 log units) and lower ACR (−0.3 

log units) than younger patients. To further adjust for 

other confounding risk factors (Model 3 in Table 3), we 

compared NM with both ISH and SDH and found that 

the latter two were associated with higher LVMI without 

age modification. All of the hypertension subtypes 

including ISH, IDH, and SDH were associated with 

lower eGFR and higher ACR (P<0.05). 

 

Association of BP types and sub-clinical target organ 

damage in different age groups 

 

After stratifying the two age groups, we found that ISH 

was significantly associated with higher LVMI 

compared with the NM group in both younger and older 

patients (+14.4 g/m2 and +8.8 g/m2, respectively, both 

P<0.05). SDH was also significantly associated with 

higher LVMI in both younger and older patients (+14.4 

g/m2 and +5.4 g/m2, respectively, both P<0.05). There 

was no relationship between IDH and LVMI in either 

age group (Figure 1). 
 

Compared with NM, ISH was significantly associated 

with lower eGFR in both younger and older patients 
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Table 1. Baseline characteristics according to age and blood pressure groups. 

 Age < 60 years Age ≥ 60 years 

Parameter 
NM 

n=777 (41.0%) 

ISH 

n=76 (4.0%) 

IDH 

n=336 (17.8%) 

SDH 

n=705 (37.2%) 

NM 

n=165 (29.2%) 

ISH 

n=112 (19.8%) 

IDH 

n=49 (8.7%) 

SDH 

n=239 (42.3%) 

Demographics and Past Medical History   

Age, years 37.4±11.6 43.1±12.8* 43.4±10.5* 43.4±10.7* 66.3±4.4 68.3±4.9* 64.6±3.6† 66.0±4.7† 

Female, No. (%) 428(55.1) 21(27.6)* 128(38.1)* 274(38.9)* 83(50.3) 48(42.9) 20(40.8) 89(37.2) 

Current smoker, No. (%) 127(16.3) 25(32.9)* 88(26.2)* 178(25.2)* 34(20.6) 28(25.0) 14(28.6) 62(25.9) 

Alcohol intake, No. (%) 106(13.7) 13(17.1) 101(30.1)* 120(17.0)‡ 25(15.2) 13(11.6) 9(18.4) 40(16.7) 

Diabetes mellitus, No. 

(%) 
53(6.8) 27(35.5)* 47(14.0)*† 154(21.8)*†‡ 60(36.4) 59(52.7)* 20(40.8) 104(43.5) 

Hyperlipidemia, No. (%) 118(15.2) 12(15.8) 81(24.1)* 159(22.6)* 38(23.0) 30(26.8) 11(22.4) 60(25.1) 

CVD history, No. (%) 29(3.7) 4(5.3) 31(9.2)* 93(13.2)* 33(20.0) 18(16.1) 13(26.5) 61(25.5) 

Hypertension, No. (%) 135(17.4) 38(50.0)* 179(53.3)* 503(71.3)*†‡ 89(53.9) 86(76.8)* 33(67.3) 207(86.6)*‡ 

Antihypertension drugs, 

No. (%) 
420(54.1) 59(77.6)* 245(72.9)* 620(87.9)*‡ 109(66.1) 98(87.5)* 35(71.4) 210(87.9)*‡ 

RAS blockade, No. (%) 345(44.4) 36(47.4) 144(42.9) 334(47.4) 57(34.5) 54(48.2) 16(32.7) 90(37.7) 

etiology of CKD   

Primary 

glomerulonephritis, No. 

(%) 

552(71.0) 38(50.0)* 215(64.0) 445(63.1)* 74(44.8) 57(50.9) 22(44.9) 106(44.3) 

Diabetic nephropathy, 

No. (%) 
17(2.2) 20(26.3)* 12(3.6)† 95((13.5)*†‡ 22(13.4) 28(25.0) 6(12.2) 52(21.8) 

Hypertensive 

nephropathy, No. (%) 
10(1.3) 0(0.0) 21(6.2)* 36(5.1)* 17(10.3) 6(5.3) 6(12.2) 28(11.7) 

Other causes, No. (%) 198(25.5) 18(23.7) 88(26.2) 129(18.3)*‡ 52(31.5) 21(18.8) 15(30.6) 53(22.2) 

Physical Examination         

Body mass index, kg/m2 22.7±3.7 23.5±3.6 24.2±3.6* 24.0±3.7* 23.2±3.6 24.2±2.8 24.6±2.9 24.4±3.9* 

24 h-SBP, mm Hg 112.1±8.4 137.7±8.9* 122.2±4.7*† 146.2±12.4*†‡ 117.6±8.4 141.1±8.9* 124.1±4.3*† 149.0±12.7*†‡ 

24 h-DBP, mm Hg 70.6±5.6 75.7±3.3* 84.2±3.8*† 92.5±8.3*†‡ 71.5±5.8 74.5±3.8* 83.9±3.8*† 87.7±6.1*†‡ 

Laboratory Values         

Serum creatinine, umol/L 76.0(60.0-107.5) 
190.9(87.5-

596.5)* 

109.5(75.0-

160.0)*† 

209.0(99.0-

576.0)*‡ 

122.0(80.5-

223.0) 

189.0(106.6-

500.0)* 

119.0(87.0-

204.0) 

229.0(109.0-

58.9)*‡ 

Serum uric acid, mmol/L 403.1±127.2 503.7±169.0* 443.4±140.5*† 491.0±139.7*‡ 441.1±136.5 477.9±135.3 422.9±118.0 468.8±123.4 

Serum fasting glucose, 

mmol/L 
5.0±1.9 5.6±2.0 5.2±1.3 5.5±2.2* 6.1±2.3 6.1±2.3 5.9±2.1 5.7±1.8 

Triglyceride, mmol/L 1.3(0.9-1.9) 1.4(0.9-2.1) 1.7(1.2-2.3)* 1.7(1.2-2.4)* 1.6(1.0-2.2) 1.3(1.0-1.9) 1.6(1.0-2.0) 1.5(1.1-2.3) 

Total cholesterol, mmol/L 5.0(4.0-6.0) 4.9(3.4-6.2) 5.1(4.2-6.0) 4.9(4.1-6.2) 4.7(3.7-6.0) 4.8(3.9-5.9) 4.7(3.8-6.1) 4.9(3.9-6.0) 

HDL-C, mmol/L 1.3±0.5 1.2±0.5 1.1±0.4* 1.1±0.4* 1.2±0.4 1.1±0.3 1.1±0.3 1.1±0.4 

LDL-C, mmol/L 3.4±1.9 3.1±1.8 3.1±1.1 3.3±1.7 2.9±1.3 3.0±1.2 2.8±1.2 3.0±1.3 

Serum albumin, g/L 37.1±8.2 34.5±7.7 38.7±6.5*† 35.6±7.4*‡ 37.2±6.4 36.1±5.9 37.6±7.0 36.3±6.6 

Hemoglobin, g/L 128.6±23.3 105.6±30.6* 132.4±24.8† 112.3±30.2*‡ 115.2±23.9 103.5±26.2* 122.7±22.5† 109.3±24.7‡ 

Serum calcium, mmol/L 2.1(2.0-2.3) 2.1(2.0-2.2) 2.2(2.1-2.3) 2.1(2.0-2.3) 2.2(2.1-2.2) 2.2(2.1-2.3) 2.1(2.0-2.2) 2.1(2.0-2.2) 

Serum phosphate, 

mmol/L 
1.1(1.0-1.3) 1.3(1.1-1.6)* 1.1(0.9-1.2)† 1.3(1.1-1.6)*‡ 1.2(1.0-1.3) 1.2(1.1-1.4) 1.0(0.9-1.2)† 1.2(1.0-1.5)*‡ 

iPTH, pmol/L 5.5(3.5-9.4) 8.2(3.5-21.9)* 6.1(4.0-9.4) 10.2(5.4-21.4)*‡ 7.2(4.4-11.9) 11.6(5.9-20.8)* 6.5(4.1-10.4)† 10.8(5.7-22.6)*‡ 

eGFR, mL/min/1.73 m2 99.0(67.4-116.1) 
30.8(8.0-

93.2)* 

68.7(40.8-

100.7)*† 
29.8(7.9-74.4)*‡ 51.0(21.5-81.7)# 24.7(9.1-58.4)* 

53.6(26.4-

73.1)†# 
21.4(8.4-51.3)*‡ 

Albumin creatinine ratio, 

mg/g 

300.4 

(40.4-986.3) 

1253.4 

(276.1-

2436.0)* 

449.2 

(73.6-1210.7)† 

1131.1 

(379.5-2319.7)*‡ 

222.1 

(22.5-977.0) 

1114.4 

(410.1-2009.9)* 

277.7 

(22.1-1202.7)† 

977.0 

(205.5-1891.7)*‡ 

Left ventricular mass 

index, g/m2 
82.5±19.5 115.6±29.3* 88.7±21.5*† 115.0±36.6*‡ 99.8±27.5# 117.0±29.2* 94.7±23.0† 113.8±31.3*‡ 

Data are presented as numbers and percentages, means and standard deviations, or medians and quartile ranges. NM, 
normotension; ISH, isolated systolic hypertension; IDH, isolated diastolic hypertension; SDH, systolic and diastolic 
hypertension; CVD, cardiovascular disease; RAS blockade, renin-angiotensin system blockade; SBP, systolic blood pressure; 
DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; iPTH, 
intact parathyroid hormone; eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease. * compared with 
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normotension, P <0.01 for continuous variables, P <0.008 for categorical variables; † compared with isolated systolic 
hypertension, P <0.01 for continuous variables, P <0.008 for categorical variables; ‡ compared with isolated diastolic 
hypertension, P <0.01 for continuous variables, P <0.008 for categorical variables; # represents a comparison with patients 
under 60 years old with the same blood pressure type, P <0.01. 

Table 2. Blood pressure types in different CKD stages. 

N (%) CKD 1 CKD 2 CKD 3 CKD 4 CKD 5 P-trend value 

Total 771 437 450 235 566  

  NM 491(63.7) 185(42.3) 123(27.3) 54(23.0) 89(15.7) <0.01 

  ISH 29(3.7) 25(5.7) 35(7.8) 23(9.8) 76(13.4) <0.01 

  IDH 117(15.2) 96(22.0) 101(22.4) 30(12.8) 41(7.3) <0.01 

  SDH 134(17.4) 131(30.0) 191(42.5) 128(54.4) 360(63.6) <0.01 

Age < 60 years 714 341 302 141 396  

  NM 462(64.7) 150(44.0) 77(25.5) 29(20.6) 59(14.9) <0.01 

  ISH 20(2.8) 9(2.6) 9(3.0) 6(4.2) 32(8.1) <0.01 

  IDH 112(15.7) 83(24.4) 83(27.5) 22(15.6) 36(9.1) 0.01 

  SDH 120(16.8) 99(29.0) 133(44.0) 84(59.6) 269(67.9) <0.01 

Age ≥ 60 years 57 96 148 94 170  

  NM 29(50.9) 35(36.5) 46(31.1) 25(26.6) 30(17.7) <0.01 

  ISH 9(15.8) 16(16.7) 26(17.5) 17(18.1) 44(25.9) 0.04 

  IDH 5(8.8) 13(13.5) 18(12.2) 8(8.5) 5(2.9) <0.01 

  SDH 14(24.5) 32(33.3) 58(39.2) 44(46.8) 91(53.5) <0.01 

NM, normotension; ISH, isolated systolic hypertension; IDH, isolated diastolic hypertension; SDH, systolic and diastolic 
hypertension; CKD, chronic kidney disease. 

Table 3. Multivariable linear regression analysis for blood pressure types, age and left ventricular mass index (LVMI), 
the Log (estimated glomerular filtration rate) (eGFR), and the Log (albumin creatinine ratio) (ACR). 

 
LVMI Log (eGFR) Log (ACR) 

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 

NM reference reference reference reference reference reference reference reference reference 

ISH 30.9(26.5~35.4)* 28.4(23.8~32.9)* 13.2(9.0~17.4)* -1.0(-1.1~-0.8)* -0.9(-1.0~-0.7)* -0.2(-0.3~-0.1)* 1.3(1.0~1.7)* 1.5(1.2~1.8)* 0.7(0.5~1.0)* 

IDH 3.9(0.6~7.3)* 4.2(0.9~7.6)* -0.7(-3.7~2.3) -0.2(-0.3~-0.1)* -0.2(-0.4~-0.1)* -0.2(-0.3~-0.2)* 0.3(0.1~0.5)* 0.3(0.0~0.5)* 0.3(0.1~0.5)* 

SDH 29.2(26.6~31.8)* 28.7(26.2~31.3)* 11.9(9.3~14.5)* -1.0(-1.1~-1.0)* -1.0(-1.1~-0.9)* -0.4(-0.5~-0.4)* 1.3(1.1~1.4)* 1.3(1.1~1.5)* 0.5(0.3~0.7)* 

Age - 6.1(3.4~8.9)* -0.2(-2.8~2.4) - -0.3(-0.4~-0.2)* -0.2(-0.3~-0.2)* - -0.3(-0.5~-0.1)* -0.5(-0.6~-0.3)* 

Data are presented as unstandardized coefficients beta (95% CIs). Model 1: only contains ISH, IDH, SDH; model 2: contains 
ISH, IDH, SDH and age (0= age <60 years, 1= age ≥ 60 years); model 3: contains variables of model 2 and additional 
adjustment variables of LVMI include gender, BMI, current smoker, diabetes mellitus, CVD history, antihypertensive drugs, 
hemoglobin, uric acid, serum fasting glucose, HDL-C, LDL-C, serum albumin, serum phosphate, iPTH, eGFR; additional 
adjustment variables of Log (eGFR) include gender, BMI, alcohol intake, diabetes mellitus, hyperlipidemia, CVD history, 
antihypertensive drugs, hemoglobin, uric acid, HDL-C, LDL-C, serum phosphate, iPTH; additional adjustment variables of Log 
(ACR) include gender, alcohol intake, diabetes mellitus, CVD history, antihypertensive drugs, hemoglobin, uric acid, 
triglyceride, total cholesterol, HDL-C, LDL-C, serum albumin, serum phosphate, iPTH, eGFR. 
BMI, body mass index; CVD, cardiovascular disease; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density 
lipoprotein cholesterol; iPTH, intact parathyroid hormone; NM, normotension; ISH, isolated systolic hypertension; IDH, 
isolated diastolic hypertension; SDH, systolic and diastolic hypertension; LVMI, left ventricular mass index; eGFR, estimated 
glomerular filtration rate; ACR, albumin creatinine ratio. * P <0.05. 

(−0.2 log units and −0.2 log units, respectively, both 

P<0.05). SDH was also significantly associated with 

lower eGFR in both younger and older patients (−0.4 
log units and −0.3 log units, respectively, both P<0.05). 

IDH was only negatively associated with eGFR among 

younger patients (−0.2 log units, P<0.05) (Figure 1). 

Compared with NM, ISH was significantly associated 

with higher ACR in both younger and older patients 

(+0.5 log units and +1.0 log units, respectively, both 
P<0.05). SDH was also significantly associated with 

higher ACR in both younger and older patients (+0.5 

log units and +0.6 log units, respectively, both 
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P<0.05). IDH was only positively correlated with 

ACR among young patients (+0.4 log units, P<0.05) 

(Figure 1). 

 

DISCUSSION 
 

In this cross-sectional study, we studied associations 

between distinct types of ambulatory hypertension and 

several markers of subclinical target organ damage in 

CKD patients of different ages. The two most 

clinically important findings of our study were as 

follows: (1) in younger patients, using NM as a 

reference, ISH and SDH had higher LVMI and ACR, 

and lower eGFR, while only IDH correlated with renal 

damage; (2) in older patients, only ISH and SDH were 

correlated with these renal/cardiovascular parameters. 

These data suggest that age plays a role in the target 

organ damage from ISH and IDH in CKD patients, and 

therefore special but different attention should be paid 

to CKD patients with isolated hypertension in different 

ages. 
 

Based on the current pathophysiological understanding, 

the hypertension subtypes are manifested by singular 

elevations in SBP or DBP, which may reflect unique 

biological processes that are closely related to age, 

because aging causes structural changes to blood 

vessels [16]. The mechanisms of ISH and IDH among 

young adults may differ. Increased aortic stiffness, 

exaggerated pulse pressure amplification from central to 

peripheral arteries, and stroke volume seem to 

contribute more to ISH individuals [17], whereas higher 

systemic vascular resistance is the major contributor to 

high DBP [18]. With increasing age and progressive 

aortic stiffness, ISH becomes the most common form of 

hypertension in the elderly, and due to the loss of 

Windkessel function and increased diastolic runoff, 

there is reduced prevalence of IDH [19–21]. Therefore, 

we investigated the prevalence of ISH and IDH in CKD 

patients of different ages for the first time. Among all 

CKD patients in this study, ISH accounted for 7.6% and 

IDH accounted for 15.7%. Meanwhile, compared with 

the younger patients, older patients had a higher 

prevalence of ISH and a lower prevalence of IDH, 

which was consistent with a previous study [22]. These 

data show that age is an important factor that affects the 

type of hypertension. Previous studies have confirmed 

the singular effects of ISH and IDH on the increased 

risk of target organ damage in different aged 

hypertensive adults, with a growing awareness that ISH 

and IDH may have distinct age-related clinical 

implications. However, no study had clarified these 

 

 
 

Figure 1. Relationship between left ventricular mass index (LVMI), the Log (estimated glomerular filtration rate) (eGFR), and 
the Log (albumin creatinine ratio) (ACR) and blood pressure types in different age groups. In patients under 60 years old, 

adjusted variables for LVMI include gender, age, BMI, current smoker, diabetes mellitus, CVD history, antihypertensive drugs, hemoglobin, 
uric acid, HDL-C, LDL-C, serum albumin, serum phosphate, iPTH, eGFR, ISH, IDH, SDH; adjusted variables for Log (eGFR) include gender, age, 
BMI, current smoker, alcohol intake, diabetes mellitus, hyperlipidemia, CVD history, antihypertensive drugs, hemoglobin, uric acid, total 
cholesterol, HDL-C, LDL-C, serum phosphate, iPTH, ISH, IDH, SDH; adjusted variables for Log (ACR) include gender, age, alcohol intake, 
diabetes mellitus, antihypertensive drugs, hemoglobin, uric acid, triglyceride, total cholesterol, HDL-C, LDL-C, serum albumin, serum 
phosphate, iPTH, eGFR, ISH, IDH, SDH. In patients at and above 60 years old, adjusted variables for LVMI include gender, current smoker, 
hyperlipidemia, CVD history, antihypertensive drugs, hemoglobin, uric acid, HDL-C, serum phosphate, iPTH, eGFR, ISH, IDH, SDH; adjusted 
variables for Log (eGFR) include gender, age, BMI, hyperlipidemia, antihypertensive drugs, hemoglobin, uric acid, triglyceride, HDL-C, LDL-C, 
serum phosphate, iPTH, ISH, IDH, SDH; adjusted variables for Log (ACR) include gender, diabetes mellitus, antihypertensive drugs, 
hemoglobin, HDL-C, LDL-C, serum albumin, serum calcium, serum phosphate, iPTH, eGFR, ISH, IDH, SDH. BMI, body mass index; CVD, 
cardiovascular disease; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; iPTH, intact parathyroid 
hormone; NM, normotension; ISH, isolated systolic hypertension; IDH, isolated diastolic hypertension; SDH, systolic and diastolic 
hypertension; LVMI, left ventricular mass index; eGFR, estimated glomerular filtration rate; ACR, albumin creatinine ratio. * P <0.05. 
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associations in CKD patients, which is important, as 

these patients have a high cardiovascular risk. 

 

Here, we enrolled 2459 CKD patients with ABPM and 

first explored associations between target organ damage 

and isolated systolic or diastolic hypertension in 

different age groups. We found that ISH and SDH had 

higher risks of target organ damage irrespective of age 

or target organ, whereas IDH was only associated with 

renal damage in younger patients. These results suggest 

that age should be taken into account when assessing 

the cardiovascular risk of isolated hypertension in non-

dialysis CKD patients. 

 

Among the markers of cardiac damage, LVMI is a 

powerful and well-established predictor of CVD in 

CKD patients [15] that has a pathophysiological 

relationship with ISH. Most ISH cases are caused by the 

reduced elasticity and compliance of large arteries that 

results from age. Elevated BP itself can promote further 

arterial stiffening and impair endothelium-dependent 

vasodilatation [23]. To maintain appropriate cardiac 

output against increased afterload and decreased 

compliance from a stiffened arterial tree, the left 

ventricle stiffens and hypertrophies [22]. Extensive 

cross-sectional studies using echocardiography have 

found that older ISH patients have abnormal left 

ventricular mass and left ventricular geometry [24, 25]. 

Thus, it was not a surprise to find that ISH was 

accompanied by a high risk of cardiac damage in CKD 

patients, which manifested as a relatively high level of 

LVMI and was consistent with previous studies [26–

28]. We also found that such a correlation existed in all 

age groups of CKD patients. We speculate that early 

identification and proper management of ISH might 

help to reduce the cardiac injury in CKD patients 

irrespective of age. 

 

In addition to heart damage, both aging and hyper-

tension are associated with decreased renal function [29, 

30]. Our study found that the effect of ISH and IDH on 

renal damage was age-related. In younger patients, both 

ISH and IDH were associated with renal parameters, 

while ISH, rather than IDH was correlated with kidney 

damage in older patients. These results were consistent 

with previous studies in hypertension patients. As a 

previous study showed, younger patients (35–57-years-

old) with systolic hypertension had a higher prevalence 

of ESRD, regardless of DBP levels, while diastolic 

hypertension was associated with an increased risk of 

ESRD in patients with normal SBP [31]. Another study 

on the hypertension population suggested that 24 h DBP 

and IDH only relate to the urinary albumin creatinine 
ratio in patients below 55-years-old [4]. ISH gradually 

became the dominant risk factor for renal damage, 

which may be attributed to stiffening of the arterial 

walls with aging. Several lines of evidence have 

suggested that increased aortic stiffness promotes 

deterioration of renal function with albuminuria and 

decreased eGFR [32–34]. In our study, the increased 

prevalence of ISH and SDH in advanced CKD stages 

dramatically contributed to the gradual decrease in BP 

control rate, especially in older patients. Just as a high 

BP accelerates the age-associated decline in eGFR [34], 

this may also support the positive correlation between 

ISH and renal damage in older patients. Further and 

extensive studies are needed to explain the above-

mentioned phenomenon. However, proper management 

of ISH and IDH in younger CKD patients might help to 

improve albuminuria and the reduced eGFR, while 

more attention should be paid to ISH in older CKD 

patients. 

 

This study has several strengths. First, to the best of our 

knowledge, this is the first study to investigate the impact 

of age on correlations between isolated hypertension and 

target organ damage in non-dialysis CKD patients in 

China. Identifying non-benign BP types and further 

optimizing the cardiovascular risk assessment for CKD 

patients are particularly important. Second, all included 

patients had comprehensive assessments, and the cohort 

size was large. Third, we measured BP by 24-h 

ambulatory monitoring, given that ABPM is now 

considered a keystone in hypertension management [35]. 

ISH and IDH have been associated with a high prevalence 

of “white coat hypertension,” even higher than SDH in all 

age groups [36], which can be avoided by ABPM. Our 

study also needs to be interpreted with the recognition of 

its shortcomings. Since this is an observational study, only 

associations, but no cause-and-effect relationships can be 

established from it. Moreover, extrapolations of the results 

to other racial groups should be made with care due to the 

fact that all of the participants were Chinese. In addition, 

due to limited sample size, this study did not explore 

relationships between BP types and target organ injury in 

different causes of CKD. A larger sample cohort in a 

multicenter prospective study is needed in the future. 

Specifically, some participants in our study were on one 

or more antihypertensive medications, mostly RAS 

blockers, which could potentially impact our observations. 

Finally, we found a negative association between age and 

ACR, which is contrary to the Framingham et al. study in 

the general population [37]. The potential reasons are as 

follows: (1) our study focused on Chinese CKD patients, 

which is different from the Framingham study; (2) the 

negative correlation between age and ACR may be 

confounded by the causes of CKD (Supplementary Table 

1), which may need more investigation in the future. 

 
In conclusion, our findings highlight the age-specific 

effects of different isolated hypertension types on 

cardiac and renal damage in CKD patients and have 
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potential clinical implications. ISH was generally 

related to cardiac and renal damage without age 

modifications, while IDH was only harmful to renal 

function, and then mainly in younger patients. 

Considering that ISH and IDH, as intermediate 

phenotypes with unpredictable development, have a 

high probability of transitioning to SDH [17, 38], the 

long-term injury of ISH and IDH may be tremendous. 

Therefore, timely attention and management may bring 

clinical benefits. Future clinical research is needed to 

examine whether prompt aggressive therapy for isolated 

hypertension before the onset of target organ damage 

can reduce cardiovascular risk. 

 

MATERIALS AND METHODS 
 

Study population 

 

The study protocol was approved by the ethics 

committee of our hospitals, and was approved by the 

Institutional Review Board. All patients gave their 

written informed consent to the use of data for scientific 

purposes. 

 

A total of 2850 CKD inpatients aged 18 to 75 years and 

completed ABPM for this cross-sectional study. We 

excluded 391 participants according to the following 

criteria: dialysis or transplant, changes in the estimated 

glomerular filtration rate (eGFR) >30% in the previous 

3 months; pregnancy; atrial fibrillation; inadequate 

ABPM readings; night work or shift-work employment; 

inability to communicate and comply with all of the 

study requirements. Finally, a total of 2459 CKD 

patients were included into the current analysis. In 

terms of causes of renal disease, 1509 patients had 

primary glomerulonephritis; 252 cases had diabetic 

nephropathy; 124 subjects had hypertensive nephro-

pathy; and 574 patients had other causes of renal 

disease. 

 

Blood pressure measurement 
 

Ambulatory blood pressure monitoring was performed 

with the automated measurements programmed at 15-

minute intervals during the daytime and 30-minute 

intervals at night as previously [39, 40]. The valid 

measurements had to fulfill prespecified quality criteria, 

including the successful recording of a minimum  

20 valid daytime and at least 7 valid nighttime 

measurements, and at least 70% of the expected 24-hour 

readings [35, 41]. Day and night periods were defined 

according to sleeping and waking times reported by the 

patient. 
 

Using mean 24-hour ambulatory thresholds [35], 

regardless of antihypertensive drugs, normotension 

(NM) was defined as SBP <130 mmHg and DBP <80 

mmHg; ISH was defined as SBP ≥130 mmHg and DBP 

<80 mmHg; IDH was defined as SBP <130 mmHg and 

DBP ≥80 mmHg; And SDH was defined as SBP ≥130 

mmHg and DBP ≥80 mmHg. 

 

Cardiac assessment 

 

Echocardiography was performed by two trained 

cardiologists, according to the recommendations of the 

American Society of Echocardiography and the European 

Association of Cardiovascular Imaging [42]. Details of 

left ventricular mass (LVM) measurement and calculation 

have been previously reported [39], LVMI was the LVM 

standardized by body surface area [43]. 

 

Renal assessment 

 

An isotope dilution mass spectrometry–traceable 

methodology was utilized to determine serum 

creatinine, and eGFR was estimated using the CKD-EPI 

(CKD–Epidemiology Collaboration) formula. 

According to Kidney Disease Improving Global 

Outcomes (KDIGO) [3], based on eGFR levels, CKD 

patients were divided into five stages (1, 2, 3, 4, 5). 

 

As recommended in KDIGO guidelines, we preferred 

urine albumin creatinine ratio (ACR) as the measure of 

albuminuria. A first morning urine sample was collected 

on the day of ambulatory blood pressure measurement, 

and the concentration of urinary albumin and creatinine 

were measured by immunoturbidimetry in the central 

laboratory. 

 

Other measurements 

 

Patient data including sociodemographic and clinical 

characteristics, 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 weight in kilograms divided by the height in 

meters squared. The definitions of Diabetes mellitus, 

Hyperlipidemia, CVD history have been previously 

reported [39]. In addition, A fasting blood sample was 

collected to measure hemoglobin, albumin, calcium, 

phosphorus, intact parathyroid hormone, serum fasting 

glucose, cholesterol, triglycerides, high-density lipoprotein 

cholesterol, low-density lipoprotein-cholesterol, homo-

cysteine, uric acid, Scr, blood urea nitrogen, which were 

measured using a 7180 Biochemistry Auto-analyzer 

(Hitachi, Tokyo, Japan) in the central laboratory. 

 

Statistical analysis 

 

Data were tested for normal distribution using the 

Kolmogorov–Smirnov test. Descriptive statistics are 
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presented as the mean ± standard deviation (SD) for 

normally distributed variables and as the median 

(interquartile range) for non-normally distributed variables. 

Frequency and percentage were used for categorical 

variables. Comparisons among the BP groups were 

performed using ANOVA or nonparametric tests for 

continuous variables and the χ2 test for categorical 

variables. The Bonferroni method was used for post hoc 

pairwise comparisons. A multiple linear regression model 

was used to analyze the cross-sectional association of age 

and BP types with parameters of subclinical target organ 

damage (LVMI, Log eGFR, Log ACR) before and after 

adjusting for other significant variables from the univariate 

linear regression analyses. Associations between age and 

the BP types were analyzed in the multivariate adjusted 

model. After stratification for age (<60- versus ≥60-years-

old), multiple linear regression models were employed to 

study correlations between BP types and subclinical target 

organ damage parameters in the different age groups. In 

the graphs, the non-standardized coefficient beta-values 

(±95% confidence intervals [CIs]) are given, which 

correspond to the quantitative difference between each BP 

group and NM as the reference group. P values <0.05 were 

considered statistically significant. All statistical analyses 

were performed using SPSS version 25 (IBM Corp., 

Armonk, NY, USA) and R Version 3.6.0. Graphs were 

generated with GraphPad Prism 8 (GraphPad Software, 

Inc., San Diego, CA, USA). 
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SUPPLEMENTARY MATERIALS 

 

 

 

Supplementary Table 
 

Supplementary Table 1. Univariate linear regression analysis of age and Log (albumin creatinine ratio) (ACR) in CKD 
patients with different etiologies. 

 
Age (per 1 year) Age (0= age<60year, 1= age≥ 60year) 

Beta coefficients P value Beta coefficients P value 

Primary glomerulonephritis (1059) 0.001(-0.002~0.003) 0.485 0.115(0.017~0.213) 0.022 

Diabetic nephropathy (252) -0.006(-0.014~0.002) 0.149 -0.190(-0.364~-0.016) 0.032 

Hypertensive nephropathy (124) -0.012(-0.024~0.001) 0.060 -0.275(-0.573~0.023) 0.070 

Other causes (574) -0.009(-0.015~-0.003) 0.003 -0.002(-0.202~0.199) 0.988 

 


