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Abstract	1 

Introduction: Unfavorable changes in cardiac and arterial function are related to poor prognosis in chronic 2 

kidney disease (CKD). We compared hemodynamic profiles between subjects with end stage renal disease 3 

and two control groups with corresponding pulse wave velocities (PWV). 4 

Methods: Non-invasive hemodynamics were recorded during passive head-up tilt in CKD stage 5 patients 5 

(n=35), patients with primary hypertension (n=35, n=30 with antihypertensive medications), and in subjects 6 

without cardiovascular or renal diseases and cardiovascular medications (n=70). The groups were selected 7 

to have corresponding age, sex, body mass index and PWV. Hemodynamic data was captured using whole-8 

body impedance cardiography and radial tonometric pulse wave analysis. 9 

Results: Supine blood pressure did not differ between the groups, but upright diastolic blood pressure was 10 

lower in CKD patients than in the two control groups (p≤0.001 for both, RANOVA). Despite similar PWV, 11 

supine aortic pulse pressure was higher in CKD patients versus non-medicated subjects (p=0.029). Two 12 

additional measures indicated reduced aortic compliance in CKD patients versus both control groups: lower 13 

ratio of stroke index to aortic pulse pressure (p≤0.023) and higher aortic characteristic impedance 14 

(p≤0.003). Subendocardial viability ratio was lower in the CKD group than in both control groups (p≤0.039).  15 

Conclusion: In the absence of differences in PWV, higher aortic pulse pressure and characteristic 16 

impedance, and lower ratio of stroke index to aortic pulse pressure, suggest reduced aortic compliance and 17 

impaired left ventricular function in CKD patients. Lower subendocardial viability ratio predisposes the CKD 18 

patients to impaired cardiac oxygen supply versus hypertensive patients and non-medicated controls. 19 
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Introduction	1 

Arterial stiffness evaluated by measuring pulse wave velocity (PWV) is associated with mortality in subjects 2 

with mild to severe chronic kidney disease (CKD) [1,2]. However, in addition to traditional risk assessment, 3 

PWV has only minor prognostic value in end stage renal disease (ESRD) [3]. Cardiovascular (CV) mortality in 4 

ESRD is 10-20 times higher than in age-standardized controls [4,5]. Not only the traditional risk factors but 5 

also kidney disease related factors like uremic toxins increase the CV risk [4,6]. Large epidemiological 6 

studies include heterogenic patient populations with different causes of CKD like primary 7 

glomerulonephritis or diabetic kidney disease, which influence the CV risk and outcomes. 8 

In 2564 patients with a mean estimated glomerular filtration rate (eGFR) of 40.68±15.92 ml/min/m2, higher 9 

aortic PWV was associated with decreased eGFR [7]. In addition to decreased eGFR, higher urine albumin to 10 

creatinine ratio has also been related with increased PWV [8]. Although arterial stiffness associates with 11 

poor prognosis in CKD, conflicting results on the relation of declining renal function and PWV have been 12 

published [9–16], and decreasing renal function was not related with higher PWV in all studies [9–11,14]. 13 

As in the general population, also within CKD patients hypertension, diabetes and age are related with 14 

increased PWV [9,16]. Higher PWV has been associated with diabetic and hypertensive renal diseases, but 15 

not so clearly with chronic glomerulonephritis [17]. This is probably one of the causes for the contradictory 16 

results regarding the association of PWV with CKD [17]. 17 

Functional and structural cardiac changes have been related with CKD that contribute to the mortality of 18 

CKD subjects [18,19].  Aortic characteristic impedance, a noninvasive measure evaluating the influence of 19 

proximal aorta on left ventricular afterload, is inversely related with aortic compliance [20] and directly 20 

with left ventricular mass and geometry, independent of blood pressure (BP) level [21]. Cardiac circulatory 21 

status can also be evaluated by subendocardial viability ratio (SEVR; Buckberg index), a variable reflecting 22 

coronary perfusion related with cardiac workload [22]. Lower SEVR values impact cardiovascular morbidity 23 

and mortality in CKD [23,24]. 24 

Aortic pulse pressure (PP) (AoPP) and the ratio of stroke index to aortic PP (SI/AoPP) can also be used to 25 

evaluate large arterial compliance [25]. The ratio of SI to PP has been associated with CV morbidity in 26 

hypertensive patients independent of age and left ventricular mass [26]. To our knowledge, this variable 27 

has not been studied in CKD. 28 

Hemodynamic alterations in CKD have been widely investigated but studies of functional hemodynamic 29 

measurements are scarce and many of these studies have focused on orthostatic hypotension or 30 

autonomic responses [27–29]. The supine to upright change in body posture is a CV stimulus that can be 31 

used to examine the regulation of hemodynamics [30–32]. The hemodynamic changes in ESRD are of 32 
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special interest because the associated increase in CV risk is not totally predictable by traditional risk 1 

factors. 2 

The aim of the present study was evaluate the nontraditional hemodynamic CV risk factors in CKD stage 5 3 

or 5D patients with treatment and medication-controlled hypertension in supine and upright positions, and 4 

compare the results with i) subjects without CV medications and ii) hypertensive patients so that these two 5 

control groups had corresponding age, sex distribution, body mass index (BMI), and PWV values when 6 

compared with the CKD group. In additional analyses, variables of aortic compliance were further 7 

compared between the 35 CKD patients, 253 medicated hypertensive patients, and 400 normotensive 8 

subjects. 9 

 10 

Materials	and	methods	11 

Study population 12 

The present investigation is a part of an ongoing DYNAMIC-study focusing on non-invasive measurement of 13 

hemodynamics (Clinicaltrialsregister.eu 2006-002065-39; Clinicaltrials.gov NCT01742702). The study has 14 

been approved by the Ethics Committee of the Tampere University Hospital (study code R06086M) and all 15 

study subjects gave informed consent.   16 

Here hemodynamics of 35 subjects with CKD stage 5 or 5D were measured. Their medical history was 17 

collected and physical examination was performed according to the study protocol [30–32]. Two control 18 

groups from the study population were selected to the CKD patients with the aim to reduce the 19 

confounding effect of the traditional risk factors sex, age, and body size on the results. 1) Subjects without 20 

known CV disorders, kidney diseases and medications with direct CV effects (from altogether 615 21 

DYNAMIC-study subjects). Two sex, age, and BMI selected controls (n=70) were chosen for each CKD 22 

subject so that PWV was comparable between the participants. 2) Thirty-five subjects with hypertension 23 

but without CKD (eGFR ≥ 80 ml/min/1.73 m2 and albuminuria 0 in dipstick test) presenting with comparable 24 

PWVs to the CKD study group were selected from 504 study subjects. The selection of the controls to each 25 

CKD study subject was performed as follows: subjects with similar sex, corresponding age (range ±6 years 26 

with two exceptions that were -14 and -10 years), BMI (range ±4 kg/m2), and pulse wave velocity (range 27 

±3.6 m/s with three exceptions that were -10, +11 and +10 m/s). Successive selections were performed so 28 

that possible deviations in the values of the previous selections were counterbalanced. 29 

Most of the CKD subjects were treated with antihypertensive agents (n=32), phosphorus binders (including 30 

calcium carbonate; n=28), erythropoietin (n=21), and statins (n=20). Thirty of the 35 controls with 31 
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hypertension used antihypertensive medications (most more than one), 5 patients were diagnosed to have 1 

hypertension during the recordings. The medications are presented in the Supplemental Table 1.  2 

Additionally, the results of the 35 CKD stage 5 or 5D patients were further compared with those of 400 3 

normotensive subjects (BP <135/85 mmHg) and 253 medicated hypertensive patients from the R06086M 4 

study database. 5 

 6 

Laboratory tests 7 

Laboratory tests performed after overnight fasting. In the hemodialysis patients these were taken in the 8 

beginning of the mid-week dialysis session. Laboratory analyses were performed using Cobas Integra 9 

700/800, or Cobas 6000, module c501 (F. Hoffmann-LaRoche Ltd, Basel, Switzerland), or by ADVIA 120 or 10 

2120 (Bayer Health Care, Tarrytown, NY, USA) analyzers. Estimated glomerular filtration rate (eGFR) was 11 

calculated using the CKD-EPI method [34]. 12 

Hemodynamic measurements 13 

Hemodynamics were recorded by a research nurse in a quiet temperature-controlled laboratory. The 14 

subjects were to avoid caffeine products, smoking and heavy meals for 4 hours before the investigation. 15 

Beat-to-beat hemodynamics were captured for 5 min supine and for 5 min during passive head-up tilt using 16 

radial tonometric sensor and whole-body impedance cardiography [30–32]. The BP sensor was calibrated 17 

by contralateral brachial BP measurements. For the whole-body impedance cardiography measurement the 18 

CircMonR-device (JR Medical Ltd., Tallinn, Estonia), and for the pulse wave analysis the tonometric pulse 19 

wave monitoring system (SpygmoCor PWMx, AtCor medical, Australia) were used. The protocol has been 20 

previously described to be repeatable and reproducible, and the correlation between stroke volume 21 

recordings using impedance cardiography and 3D-echocardiography has been good [30–32].  22 

Statistical analyses 23 

For statistical analyses IBM SPSS Statistics software (version 26, Armonk, New York, USA) was used and p-24 

values <0.05 were considered significant. Continuous data was reported as means and 95% confidence 25 

intervals (95% CI) if normally distributed, and as medians and interquartile ranges if asymmetrically 26 

distributed. Mean values of the hemodynamic variables were calculated from the last three minutes during 27 

supine and upright positions because the CV system was most stabile during this period.  28 

Differences in demographics, supine mean hemodynamic variables and laboratory values between the CKD 29 

and control groups were examined using analysis of variances (ANOVA) with the Bonferroni correction in 30 

the post-hoc tests. For normalizing the skewed distributions of C-reactive protein and triglyceride 31 
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concentrations natural logarithms of the values were calculated. The smoking habits (never, previous, 1 

current smokers) were compared using the χ2 test. 2 

Differences of hemodynamics in the CKD group versus control groups were tested by repeated measures 3 

analysis of variances (RANOVA) separately for the 5 minutes supine and upright recordings. As the groups 4 

were selected so that mean age, sex, BMI were corresponding, adjustments were not needed. PWV 5 

measurement results were only performed in the supine position. Because BMI, sex, age, kidney function, 6 

central BP and presence of diabetes influence arterial stiffness, differences of PWV between the groups 7 

were also tested using RANOVA with adjustments for age, cystatin C, mean aortic BP, and diabetes 8 

(yes/no). Differences in PWV between subgroups due to CKD etiologies were tested by ANOVA. The 9 

Bonferroni correction was applied in all post-hoc analyses. 10 

The additional analyses comparing 35 CKD stage 5 or 5D patients with 400 normotensive subjects and 253 11 

medicated hypertensive patients were adjusted for differences in sex distribution, presence of diabetes, 12 

age, BMI, low-density lipoprotein cholesterol, and atherogenic index of plasma (log10 of plasma triglycerides 13 

to HDL cholesterol ratio, which has been related with arterial stiffness [33]); PWV was additionally adjusted 14 

for mean aortic pressure. 15 

 16 

Results	17 

Descriptives 18 

From the 35 CKD subjects 16 were on dialysis (12 on hemodialysis and 4 on peritoneal dialysis) and 19 were 19 

in the predialysis stage. Four subjects had a transplanted kidney with impaired function. Mean time in 20 

dialysis (n=15, one with missing information) was 2.3 years (95% CI 0.1, 4.4) and mean time from CKD 21 

diagnosis was 15.8 years (95% CI 12.1, 19.6). The diagnoses of the kidney diseases were diabetic (n=5, type 22 

1; n=3, type 2), glomerulonephritis (n=7), polycystic kidney disease (n=8), ischemic (n=4), obstructive 23 

nephropathy (n=3), and other or unknown reason (n=5).  Within the CKD group mean age was 56 years 24 

(range 26-77) and 22 (63%) subjects were men. The selection process of the groups was successful, as sex 25 

distribution, age, BMI, height, and body surface area were well corresponding in the study groups (Table 1). 26 

Blood pressure and its components between the study groups 27 

Mean supine radial BP in the CKD group was 144/78 mmHg, in controls without CV medications 139/80 28 

mmHg, and in the hypertension group 142/82 mmHg (Fig. 1A-1B). Neither supine nor upright systolic BPs 29 

were different between the groups (p > 0.206 for all comparisons, Fig. 1A). Supine diastolic BP was similar 30 

in the groups, but during upright position the CKD group presented with lower diastolic BP (74 (71,77) 31 
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mmHg) than the no-CV-medication (83 (80,86) mmHg, p=0.001) and hypertension groups (85 (81,89) 1 

mmHg, p<0.001, Fig. 1B).  2 

Heart rate did not differ between study groups (p>0.174 for all comparisons, Figure 2A). Stroke index 3 

(stroke volume related to body surface area) was lower in the CKD group than in the other groups with the 4 

exception that supine stroke index was not significantly lower in the CKD group versus the hypertension 5 

group (p=0.081, Fig. 2B). Cardiac index (cardiac output related to body surface area) was lower in CKD 6 

versus no-CV medication controls both supine and upright (p=0.040 and 0.025, respectively), but no 7 

significant differences were observed between the CKD and hypertension groups (Fig. 2C). Supine systemic 8 

vascular resistance index was higher in the CKD group than in the no-CV medication group (p=0.031), but 9 

upright systemic vascular resistance index was similar in all groups (p>0.404 for all comparisons, Fig. 2D).  10 

Variables representing arterial stiffness and myocardial perfusion 11 

Due to the selection procedure of the participants, there were no significant differences in PWV between 12 

the CKD group (9.7 (8.8,10.6) m/s) versus the two control groups (mean PWV within no-CV-medication 9.5 13 

(9.0,10.0) m/s, within hypertension 9.6 (9.1,10.0) m/s, p=0.358, Fig. 3A). When adjusted for age, cystatin C, 14 

mean aortic BP, and diabetes, PWV did not differ between the CKD and control groups, either (p=0.082, Fig. 15 

3B). The etiology of CKD related with PWV (p=0.002, ANOVA), but because of the small sample size there 16 

were no differences in post hoc analyses between groups. The absolute PWVs were: CKD due to diabetes 17 

(n=8) 10.4 (8.9,11.9) m/s; ischemic nephropathy (n=4) 13.9 (8.0,19.9) m/s; glomerulonephritis, 18 

tubulointerstitial disease or polycystic kidney disease (n=18) 8.9 (7.8,10.0) m/s; and unknown reason (n=5) 19 

8.6 (6.4,10.7) m/s. Neither CKD stage (5 or 5D) associated with PWV in the ESRD subjects (p=0.371, T-test).   20 

Regardless of PWV, supine AoPP was higher in the CKD group when compared with the no-CV-medication 21 

group (p=0.029) and was numerically but not significantly higher in CKD patients versus subjects with 22 

hypertension (p=0.074, Fig. 3C). No significant differences in AoPP were detected in the upright position.  23 

Aortic characteristic impedance was higher in the CKD group than in both control groups regardless of body 24 

position (Fig. 3D). The SI/AoPP ratio, a variable representing aortic compliance, was lower in the CKD 25 

subjects when compared with the no-CV medication and hypertension groups (p<0.010 supine and p<0.024 26 

upright, for both control groups, Fig. 3E).  27 

Myocardial oxygen supply and perfusion, as evaluated by means of SEVR, was lower in the CKD group when 28 

compared with the no-CV-medication (p<0.001 supine; p=0.039 upright) and hypertension groups (p<0.001 29 

supine, p=0.001 upright, Fig. 3F). 30 

Pulse wave analysis showed no significant differences in the times to first or second central systolic peaks, 31 

time to the return of the reflected wave, or supine augmentation indexes. Extracellular water balance was 32 

also corresponding in the CKD and the two control groups (Table 2). However, supine ejection duration was 33 
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longer in the CKD group versus both control groups, a finding predisposing to lower SEVR and lower 1 

measures reflecting aortic compliance in CKD. 2 

Additional comparisons of CKD patients with 400 normotensive and 253 medicated hypertensive subjects 3 

In this analysis, the proportions of male subjects and diabetics were higher in CKD patients and 4 

hypertensive patients than in normotensive controls, whilst the percentages of present and previous 5 

smokers did differ between the groups (Supplemental Table 2). Mean age, systolic and diastolic BP, 6 

unadjusted pulse wave velocity, and plasma triglycerides and atherogenic index were higher, and HDL 7 

cholesterol was lower in CKD patients and hypertensive patients than in normotensive controls. Diastolic 8 

blood pressure was lower in CKD patients than in hypertensive patients, while LDL cholesterol was lowest in 9 

CKD patients. BMI and LDL cholesterol were highest in medicated hypertensive patients (Supplemental 10 

Table 2). 11 

After adjustments for the above confounding differences, PWV was no longer different between the study 12 

groups (Supplemental Fig. 1A). Moreover, in the adjusted analysis aortic characteristic impedance was 13 

higher in the CKD group than in normotensive subjects and medicated hypertensive patients (p<0.001 and 14 

p=0.040, respectively, Supplemental Fig. 1B), and subendocardial viability ratio was lower in CKD patients 15 

than in medicated hypertensive patients (p=0.016, Supplemental Fig. 1B). 16 

 17 

Discussion	18 

In the present cross-sectional study ESRD was related with lower measures of aortic compliance and 19 

reduced myocardial perfusion and oxygen supply capacity when compared with subjects without 20 

cardiovascular or renal diseases, and with hypertensive subjects. 21 

Arterial stiffness evaluated by means of PWV has been related with mortality at different CKD stages 22 

[1,2,7], but the association of PWV with declining renal function remains unresolved [11–13,19]. The 23 

etiology of kidney disease associates with arterial stiffness so that patients with ESRD originated from 24 

hypertension or diabetes present with higher PWV when compared with ESRD due to chronic 25 

glomerulonephritis [17]. Variable CKD etiology might be a confounding factor between different studies. 26 

The present CKD group consisted of a wide range of etiologies, which diminishes the effects of single 27 

diseases on hemodynamic variables. The hemodynamic changes related with ESRD were studied by 28 

comparing subjects with CKD stages 5 and 5D to subjects without diagnosed CV diseases and subjects with 29 

hypertension. PWV, which is the gold standard for measuring arterial stiffness, was corresponding in all 30 

study groups due to the selection protocol. Similar time to the return of the reflected wave in the study 31 

groups supports the view of similar propagation of arterial pressure waves (Table 2). The CKD group and 32 
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the two control groups (Table 1) represent rather well the average Finnish adult population that has a 1 

mean BMI of 27.8 kg/m2 and BP of 135/80 mmHg and contains approximately 11-16 % of smokers [35]. 2 

Already a small increase in BP is a risk factor for arterial stiffening, while hypertension is the leading 3 

pathophysiological risk factor linked with CKD [36]. In this study, supine BP did not differ between the 4 

groups, which supports the view that hypertension in the CKD patients was well managed. Medications 5 

with direct CV effects naturally influence the hemodynamic variables. However, the number and type of 6 

antihypertensive medications between the CKD and hypertension groups were rather similar with the 7 

exceptions of furosemide and beta blocker use (Supplemental Table 1). 8 

Higher PWV links ESRD patients with poor prognosis, but arterial stiffening is not the only harmful CV 9 

change in CKD patients. Cardiac structural and functional changes like left ventricular hypertrophy and 10 

myocardial insufficiency also relate CKD with increased CV morbidity [37,38]. In the current study, CKD 11 

subjects presented with changes reflecting impaired cardiac perfusion and oxygen supply. In addition, the 12 

change of body position from supine to upright resulted in lower diastolic BP in the CKD group versus the 13 

other groups (Fig. 1B), which predisposes the CKD patients to lower coronary perfusion in the upright 14 

position. The SEVR is a noninvasive estimate of myocardial workload, oxygen supply and perfusion [22], and 15 

lower SEVR has been associated with higher CV mortality in CKD patients [24]. The CKD group also 16 

presented with increased left ventricular ejection duration (Table 2). Due to increased ejection duration the 17 

reflected wave arrives earlier during the cardiac cycle, and this increases the central systolic pressure. 18 

Subsequently, the left ventricle works against greater pressure, while there is a parallel decrease in 19 

coronary perfusion pressure during diastole [39]. 20 

We calculated aortic characteristic impedance from the forward wave amplitude, ejection duration and 21 

stroke volume [40]. The estimation of left ventricular remodeling by aortic characteristic impedance using 22 

applanation tonometry has been reported to be reliable when compared with magnetic resonance imaging 23 

[41]. Furthermore, Payne et al. showed that pulse wave analysis transfer functions are reliable in patients 24 

with variable degrees of renal dysfunction [42]. Aortic characteristic impedance is related with left 25 

ventricular hypertrophy and geometry independent of the level of BP within hypertensive subjects [21]. 26 

Aortic characteristic impedance is indirectly proportional to aortic diameter, which could explain group 27 

differences, but in the present study the groups were standardized by sex and body size, which probably 28 

reduces differences in mean aortic diameter between the groups. The SI/AoPP ratio is also an estimate of 29 

aortic compliance [26]. In  294 hypertensive subjects SI/AoPP was shown to be a stronger predictor of CV 30 

events than PP or BP alone [26]. Decreased arterial compliance transfers pulsatile flow to the peripheral 31 

microcirculation e.g. in the kidneys [43]. The present subjects with CKD presented with increased supine PP, 32 

while supine and upright aortic characteristic impedance was higher and SI/AoPP was lower than in the 33 

hypertension group and the no-CV-medication group despite similar PWV. These findings support the view 34 
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that not only arterial stiffening but also changes in cardiac function predispose the CKD patients to higher 1 

CV risk. The additional results, where the 35 CKD patients were compared with 400 normotensive subjects 2 

and 253 medicated hypertensive patients, further support the view that measures of aortic compliance can 3 

be impaired in stage 5 CKD patients in the absence of changes in PWV. 4 

In the general population several traditional CV risk factors are well identified, but CKD patients have been 5 

excluded from most clinical trials [44]. Contradictive results of BP and blood glucose targets, benefits of 6 

statins or aspirin use have been published in CKD patients, particularly in CKD stage 5D patients [45]. 7 

Detailed knowledge of CV pathophysiology in CKD patients is rather scarce, but in addition to the control of 8 

traditional risk factors, the importance of metabolic factors like inflammation and changes in calcium-9 

phosphate-regulation should be considered [6].  The preventive interventions against CV events should 10 

probably be initiated much earlier and not only when PWV is increased. Moreover, more accurate risk 11 

stratification methods for CKD patients should be developed. The CKD patients would probably benefit 12 

from early and detailed hemodynamic characterization that would guide their treatment when attempting 13 

to avoid the CV complications that shorten their life-expectancy [46,47]. 14 

The present study is not without limitations. First, our study included CKD patients with several different 15 

kidney diseases with various traditional risk factor profiles. On the other hand, the present distribution of 16 

kidney diseases corresponds quite well to the average Finnish renal replacement therapy population [48]. 17 

The study protocol was rather demanding and patients in poor physical condition could not be included. 18 

Subsequently, the study population consisted of rather young CKD patients (mean age 55.9 years), whereas 19 

the prevalence of renal replacement therapy in Finland is highest in the age group 65-74 years [48]. Age is 20 

one of the most important factors affecting hemodynamics and the exclusion of elderly subjects from this 21 

study dismisses the effect of old age on the present results. The present study did not focus on uremic 22 

toxins or CKD-related mineral and bone disorder, the factors of which also have a significant influence on 23 

the prognosis and arterial calcification of CKD patients [49–51]. These medical conditions warrant further 24 

investigation in the future.  25 

Conclusion 26 

The functional hemodynamic changes in the phenotype of CKD stage 5 patients reflected reduced aortic 27 

compliance, lower left ventricular function, and impaired coronary perfusion despite corresponding PWV 28 

when compared with the control groups. Such findings predispose the CKD patients to adverse CV events. 29 

The progression of the CV deviations during chronic renal insufficiency warrants further study. 30 

 31 

  32 
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Figure legends 1 

Fig. 1. Means (95 % confidence intervals) of supine and upright systolic (A) and diastolic (B) blood pressures 2 

in the group with chronic kidney disease (CKD, n=35), group with primary hypertension (n=35), and group 3 

without cardiovascular (CV) medications (n=70); repeated measures analysis of variances with the 4 

Bonferroni correction in post-hoc analyses, *p<0.05. 5 

Fig. 2. Means (95 % confidence intervals) of supine and upright heart rate (A), stroke index (B), cardiac 6 

index (C), and systemic vascular resistance index (D) in the group with chronic kidney disease (CKD, n=35), 7 

group with primary hypertension (n=35), and group without cardiovascular (CV) medications (n=70); 8 

statistics as in Fig. 1, *p<0.05. 9 

Fig. 3. Means (95 % confidence intervals) of supine pulse wave velocities without (A) and with adjustments 10 

for age, cystatin C, mean aortic blood pressure and diabetes (B), supine and upright aortic pulse pressure 11 

(C), aortic characteristic impedance (D), ratio of stroke index to aortic pulse pressure (D), and 12 

subendocardial viability ratio (F) in the group with chronic kidney disease (CKD, n=35), group with primary 13 

hypertension (n=35), and group without cardiovascular (CV) medications (n=70); statistics as in Fig. 1, 14 

*p<0.05. 15 
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Table 1. Descriptive statistics of the study groups as means and 95% confidence intervals of the mean, 1 

medians, and interquartile ranges (C-reactive protein and triglycerides), or numbers and percentages. 2 

Variable No-CV-medication 
 (n=70) 

Hypertension  
(n=35) 

CKD 5 or 5D  
(n=35) 

Male sex 44 (62.9%) 22 (62.9%) 22 (62.9%) 
Smoking Never 46 (65.7%) 17 (48.6%) 20 (57.1%)  

Present 9 (12.9%) 5 (14.3%) 6 (17.1%)  
Previous 15 (21.4%) 13 (37.1%) 8 (22.9%) 

Alcohol amount (doses/week) 5.9 (3.9, 7.8) 4.4 (2.9, 5.9) 1.8 (0.3, 3.2)* 
Diabetes  0 (0.0%) 3 (8.6%) 9 (25.7%)* 
Coronary artery disease 0 (0.0%) 2 (5.7%) 4 (11.4%)* 
Peripheral artery disease 0 (0.0%) 0 (0.0%) 1 (2.9%) 
Age (years) 

 
54.7 (51.9, 57.6) 55.0 (50.5, 59.5) 55.9 (51.3, 60.6) 

Height (cm) 
 

173.6 (171.6, 175.6) 173.7 (171.0, 176.5) 172.4 (169.7, 175.2) 
Weight (kg) 

 
80.3 (76.6, 84.1) 81.2 (76.4, 86.1) 79 (73.2, 84.8) 

Boby mass index (kg/m2) 26.5 (25.4, 27.5) 26.9 (25.4, 28.3) 26.4 (24.8, 27.9) 
Body surface area (m2) 1.94 (1.89, 1.99) 1.95 (1.89, 2.0) 1.92 (1.84, 2.00) 
Leukocyte count (109/l) 5.7 (5.4, 6.0) 6.1 (5.4, 6.9) 6.3 (3.9, 6.3) 
Hemoglobin (g/l) 145 (142, 148) 143 (140, 147) 113 (110, 116)*† 
eGFR (ml/min/1.73m2) 90 (87, 93) 90 (84, 96) 10.2 (8.0, 12.3)*†  
QUICKI  0.353 (0.344, 0.360) 0.349 (0.337, 0.361) 0.335 (0.320, 0.350) 
Fasting plasma 

    
     

C-reactive protein (mg/l) 0.6 (0, 2.1) 0.5 (0.5, 3.0) 2.1 (0, 4.6)*†  
Creatinine (µmol/l) 76 (73, 79) 77 (71, 83) 657 (558, 755)*†  
Cystatin C (mg/l) 0.87 (0.84, 0.91) 0.93 (0.85, 1.0) 4.42 (3.95, 4.88)*†   
Urea (mmol/l) NA NA 25.7 (22.2, 29.0)  
Potassium (mmol/l) 3.7 (3.7, 3.8) 3.6 (3.5, 3.8) 4.5 (4.3, 4.8)*†  
Sodium (mmol/l) 140 (140, 141) 141 (140, 142) 139 (138, 140)*†  
Uric acid (µmol/l) 302 (285, 320) 342 (310, 374) 408 (362, 454)*†  
Phosphate (mmol/l) 0.9 (0.9, 1.0) 1.0 (0.9, 1.0) 1.7 (1.6, 1.8)*†  
Calcium (mmol/l) 2.3 (2.3, 2.3) 2.3 (2.3, 2.4) 2.3 (2.3, 2.4)  
PTH (pmol/l) 4.7 (4.2, 5.1) 5.7 (4.6, 6.7) 28.6 (19.0, 38.2)*†  
Total cholesterol (mmol/l) 5.2 (5.0, 5.5) 4.6 (4.3, 5.0) 4.1 (3.7, 4.4)*†  
LDL cholesterol (mmol/l) 3.1 (2.9, 3.4) 2.7 (2.4, 3.0) 2.3 (2.0, 2.6)*  
HDL cholesterol (mmol/l) 1.6 (1.5, 1.7) 1.6 (1.4, 1.7) 1.2 (1.0, 1.4)*†  
Triglycerides (mmol/l) 1.03 (0, 3.75) 0.92 (0.54, 1.9) 1.16 (0, 7.95)†  
Glucose (mmol/l) 5.6 (5.4, 5.8) 5.9 (5.7, 6.2) 6.3 (5.3, 7.2) 

CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate by CKD-EPI equation; PTH, 3 
parathyroid hormone; HDL, high density lipoprotein; LDL, low density lipoprotein; QUICKI, quantitative 4 
insulin sensitivity check index. Alcohol dose is presented as standard drinks (~12 grams alcohol) per week. 5 
Analysis of variances with the Bonferroni correction in the post-hoc test was performed for continuous 6 
variables and χ2-test for classified variables. Natural logarithms of CRP and triglycerides were calculated to 7 
normalize their distributions; *p<0.05 compared with no-CV-medication; †p<0.05 compared with 8 
hypertension. Within the CKD 5 or 5D group eGFR is only presented from subjects with CKD 5 (n=19). 9 
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Table 2. Means and 95% confidence intervals of supine pulse wave analysis values and 1 

extracellular fluid balance in the study groups. 2 

 

No-CV-medication  

(n=70) 

Hypertension  

(n=35) 

CKD 5 or 5D 

(n=35) 

Aortic T1 (ms) 111 (108, 113) 110 (108, 113) 109 (106, 112) 

Aortic T2 (ms) 230 (226, 235) 231 (223, 238) 232 (224, 241) 

Aortic Tr (ms) 144 (141, 147) 144 (141, 146) 142 (139, 146) 

Ejection duration (ms) 328 (323, 332) 325 (316, 334) 339 (328, 351)*† 

Augmentation index (%) 27.2 (24.7, 27.8) 26.7 (23.1, 30.2) 29 (25.3, 32.8) 

Augmentation index @75 (%) 22.1 (19.5, 24.7) 20.6 (21.2, 27.3) 24.2 (21.2, 27.3) 

Extracellular water balance 1.00 (0.98, 1.02) 1.01 (0.95, 1.07) 1.03 (0.98, 1.09) 

Abbreviations: CV, cardiovascular; @75, corrected to heart rate 75 beats per minute; T1, time to first 3 
systolic pressure peak; T2, time to second systolic pressure peak; Tr, time to reflected wave. Statistical 4 
analyses: Analysis of variances with the Bonferroni correction in the post-hoc test. *p<0.05 compared with 5 
no-CV-medication subjects; †p<0.05 compared with hypertensive subjects. 6 
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Fig. 1 1 
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Fig. 2 1 
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Fig. 3 1 
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