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ABSTRACT
Natriuretic peptide levels are elevated in persons 
with chronic kidney disease (CKD) stages 1–3, but 
it remains unclear whether this is associated with 
extracellular volume excess or early cardiovascular 
changes. We hypothesized that patients with CKD 
stages 1–3 would have evidence of cardiovascular 
changes, which would associate with brain 
natriuretic peptide (BNP), amino- terminal- pro- BNP 
(NT- pro- BNP), and patient- reported symptoms.
Outpatients with CKD stages 1–3 and non- CKD 
controls were enrolled. Cardiovascular parameters 
included extracellular water (ECW) normalized 
to body weight measured using whole- body 
multifrequency bioimpedance spectroscopy, and 
total peripheral resistance index (TPRI) and cardiac 
index measured by impedance cardiography. 
Dyspnea, fatigue, depression, and quality of life were 
quantified using questionnaires.
Among 21 participants (13 with CKD), median (IQR) 
BNP was 47.0 (28.0–302.5) vs 19.0 (12.3–92.3) pg/
mL, p=0.07, and NT- pro- BNP was 245.0 (52.0–
976.8) vs 26.0 (14.5–225.8) pg/mL, p=0.08, in the 
CKD and control groups, respectively. Those with 
CKD had higher pulse pressure (79 (66–87) vs 64 
(49–67) mm Hg, p=0.046) and TPRI (3721 (3283–
4278) vs 2933 (2745–3198) dyn×s/cm5/m2, p=0.01) 
and lower cardiac index (2.28 (2.08–2.78) vs 3.08 
(2.43–3.37) L/min/m2, p=0.02). In the overall cohort, 
natriuretic peptides correlated with pulse pressure 
(BNP r=0.59; NT- pro- BNP r=0.58), cardiac index 
(BNP r=−0.76; NT- pro- BNP r=−0.62), and TPRI (BNP 
r=0.48), p<0.05 for each, but not with ECW/weight. 
TPRI and blood pressure correlated moderately with 
symptoms.
Elevated natriuretic peptides may coincide with low 
cardiac index and elevated peripheral resistance 
in patients with CKD stages 1–3. The role of these 
biomarkers to detect subclinical cardiovascular 
changes needs to be further explored.

INTRODUCTION
Patients with non- dialysis chronic kidney 
disease (CKD) stages 3–5 have a dispropor-
tionately higher risk for cardiovascular disease 
than age- matched non- CKD individuals, which 

contributes to considerable morbidity and 
mortality.1–3 Those with advanced CKD also 
report a high burden of symptoms typical of 
cardiovascular disease, such as dyspnea and 
fatigue, as well as depressive symptoms and poor 
quality of life.4–7 However, little is known about 
subclinical changes in cardiovascular parameters 
among individuals with earlier stages of CKD, 
who make up the vast majority of patients with 
CKD and in whom early targeted interventions 
may have a more substantial preventive impact 
on long- term outcomes.8

Brain natriuretic peptide (BNP) and 
amino- terminal- pro- BNP (NT- pro- BNP) 
are biomarkers used in clinical practice for 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Patients with chronic kidney disease 
(CKD) stages 1–3 have elevated 
natriuretic peptides, which are associated 
with cardiovascular events and death; 
however, it remains unclear whether this 
is associated with extracellular volume 
excess or early changes in cardiovascular 
parameters.

WHAT THIS STUDY ADDS
 ⇒ Patients with CKD stages 1–3 had higher 
pulse pressure, higher total peripheral 
resistance index, and lower cardiac index 
compared with individuals without CKD.

 ⇒ In the entire cohort, elevated natriuretic 
peptides correlated with lower cardiac 
index and higher total peripheral resistance 
index but not with ECV normalized to total 
body weight.

HOW THIS STUDY MIGHT AFFECT 
RESEARCH, PRACTICE OR POLICY

 ⇒ Elevated natriuretic peptides may be 
associated with low cardiac index and 
elevated peripheral resistance.

 ⇒ The role of natriuretic peptides to identify 
patients with subclinical changes in 
cardiovascular parameters should be further 
studied.
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evaluation of disease severity, prognostication, and identi-
fication of states of acute volume overload in patients with 
heart failure.9–11 We previously showed that in patients 
with stages 1–3 CKD, elevated BNP and NT- pro- BNP 
were independently associated with death and cardiovas-
cular events more strongly than in those without CKD.12 
However, it remains unclear in this patient population 
whether elevated levels of these routinely measurable natri-
uretic peptides are associated with extracellular volume 
excess or early changes in cardiovascular parameters, both 
of which could mediate unfavorable associations with long- 
term adverse kidney and cardiovascular outcomes, and 
whether these biomarkers correlate with patient- reported 
symptom burden.13–17

We hypothesized that, compared with individuals without 
CKD, patients with CKD stages 1–3 would have biometric 
evidence of subclinical changes in cardiovascular parame-
ters, including elevated extracellular water (ECW) relative 
to total body weight, higher total peripheral resistance 
index (TPRI), and lower cardiac index. We further hypoth-
esized that elevated natriuretic peptides would be associ-
ated with higher ECW/total body weight, higher TPRI, and 
lower cardiac index. In an exploratory analysis, we also 
evaluated associations between cardiovascular parameters 
and patient- reported outcome measures (PROMs).

MATERIALS AND METHODS
Participants and setting
In this prospective cohort study, participants were recruited 
from outpatient nephrology and primary care clinics at 
the Veterans Affairs (VA) Medical Center in Dallas, Texas, 
which is the academic tertiary care hospital in the VA North 
Texas Health Care System. Medical records were reviewed 
to identify individuals who had a recent clinic visit with a 
measured systolic blood pressure >140 mm Hg or diastolic 
blood pressure >90 mm Hg. Estimated glomerular filtra-
tion rate (eGFR) was calculated using the creatinine- based 
CKD Epidemiology Collaboration (CKD- EPI) equation.18 
Individuals were considered eligible for inclusion in the 
CKD group if they had CKD stages 1–2, defined as an 
eGFR  ≥60 mL/min/1.73  m2 and a spot urine albumin- 
to- creatinine  ratio  (UACR)  ≥30 mg/g,  or  CKD  stage  3, 
defined as  an eGFR 30–59 mL/min/1.73 m2.19 Individuals 
with  eGFR  ≥60 mL/min/1.73  m2 and UACR <30 mg/g 
were included as the non- CKD control group. Exclusion 
criteria included CKD stages 4–5 (eGFR <30 mL/min/1.73 
m2), chronic dialysis- dependence, kidney transplantation, 
cirrhosis, or known left ventricular ejection fraction <40% 
by previous transthoracic echocardiogram, as these condi-
tions are known to affect extracellular volume. Individuals 
with pacemakers, defibrillators, pregnancy, limb amputa-
tions, or metal prostheses such as joint replacements were 
also excluded, as these conditions affect the safety or accu-
racy of the study measures. The intention was to recruit 15 
participants with CKD stages 1–3 and 15 non- CKD control 
participants, frequency matched for the presence of diabetes 
mellitus and age within ±5 years. Recruitment began on 
December 10, 2018. Due to the COVID- 19 pandemic, 
recruitment was stopped early on March 17, 2020 when 
the VA Office of Research and Development halted non- 
essential in- person research visits.

Clinical and laboratory variables
Eligible participants who expressed interest in the study 
attended an initial visit. After completing informed consent, 
demographic and clinical information was gathered from 
the medical record and confirmed with the participant. Total 
body weight was measured using a seated scale. Blood pres-
sure was measured two times in a seated position after 5 min 
of rest using an automated sphygmomanometer. A single 
investigator conducted a brief physical examination to eval-
uate for jugular venous distention, lower extremity edema, 
and pulmonary rales. Phlebotomy was performed the same 
day as the other study procedures to measure plasma creat-
inine, electrolytes, BNP, and NT- pro- BNP. Freshly voided 
urine samples were collected to measure UACR. These 
study measurements were repeated at a follow- up visit 4 
weeks after the baseline visit.

Extracellular water, cardiac index, and total peripheral 
resistance index
ECW was measured by whole- body multifrequency 
bioimpedance spectroscopy (Impedimed SFB7). Partici-
pants were asked to lie supine for 5 min while electrodes 
were attached to their ipsilateral foot, ankle, hand, and 
wrist. Five consecutive measurements of ECW and total 
body water were collected and averaged. Measurements of 
ECW were normalized to total body weight, consistent with 
prior studies.20 21 ECW, total body water, and total body 
weight were measured at both of the study visits.

Cardiac index and TPRI were measured by impedance 
cardiography using a Cheetah Non- Invasive Cardiac Output 
Monitor (NICOM). Impedance cardiography has been 
validated against more invasive measurements of cardiac 
output in patients requiring intensive care.22 23 This tool has 
also been used in studies of outpatients to inform manage-
ment of hypertension, heart disease, and end- stage kidney 
disease on hemodialysis.20 24–27 Electrodes were attached 
to the participant’s chest and a sphygmomanometer was 
attached to their arm. Three consecutive measurements of 
blood pressure and cardiac output were taken over 5 min 
while the participant was lying supine. The NICOM soft-
ware uses the participant’s height, weight, blood pressure, 
and cardiac output (stroke volume×heart rate) to calculate 
cardiac index (cardiac output/body surface area) and TPRI 
(proportional to the mean blood pressure/cardiac index). 
Due to equipment availability, NICOM measurements were 
only taken at one of the two study visits.

Patient-reported outcome measures
PROMs were quantified using self- report questionnaires 
previously validated in patients with CKD. Fatigue was 
measured using the Functional Assessment of Chronic 
Illness Therapy- Fatigue (FACIT- F), which is a 13- item 
measure yielding scores ranging from 0 to 52, with higher 
scores indicating less fatigue.28 29 Depressive symptoms were 
measured  using  the  16- item  Self- Reported  Quick  Inven-
tory  of Depressive  Symptomatology  (QIDS- SR16),  which 
reports scores ranging from 0 to 48, with higher scores 
indicating worse depression.30 We previously validated a 
score of 11 or higher as consistent with a major depressive 
episode in patients with CKD.31 Quality of life (QOL) was 
measured using the Kidney Disease Health Related Quality 
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of Life- Short Form 36  (KDQOL), which  reports multiple 
domains on adjusted scales from 0 to 100, with higher 
scores  indicating  more  favorable  QOL.7 32 Dyspnea was 
measured using a visual analog scale ranging from 0 to 10, 
with 10 being the most severe.33

Statistical analysis
A sample size of 30 participants was planned to establish 
feasibility of recruitment and would be able to demon-
strate a clinically meaningful correlation (with a correlation 
coefficient of 0.50) with 80% power and α=0.05. Base-
line characteristics and cardiovascular parameters were 
compared between the CKD and control groups using χ2 
or Fisher’s exact tests for categorical variables and Kruskal- 
Wallis tests for continuous variables. Univariable Spearman’s 
correlations were calculated between natriuretic peptides 
and cardiovascular parameters. Variables with fewer than 
18 observations in the entire cohort were excluded from 
correlation analysis. Hypothesis testing of correlations 
was performed using r to Z transformation, accounting 
for lack of normal distribution. The family wise error rate 
was adjusted using the Holm- Bonferroni method. Analyses 
of cardiac index and TPRI compared these measurements 
with other measures that were collected on the same date, 
whether at the first or second visit. In an exploratory anal-
ysis, correlations of symptom domains with cardiovascular 
parameters were also assessed, but no hypothesis testing 
was done due to concerns about multiple comparisons 
testing and overinterpretation of the results. The repeat-
ability of BNP, NT- pro- BNP, and ECW/total body weight 
between the two visits 4 weeks apart was measured using 
paired Student’s t- tests and expressed graphically.

RESULTS
Baseline characteristics
Ultimately 21 participants were enrolled, including 13 
participants in the CKD group and 8 participants in the 

control group. Participants with CKD were older and were 
more likely to be black or have diabetes than the non- CKD 
control participants, although the comparisons did not 
reach statistical significance (table 1). A history of depres-
sion was present in 38.5% of participants in the CKD group 
and  62.5%  of  the  non- CKD  control  group.  There  were 
nine  (69.2%)  individuals  in  the CKD group with  periph-
eral edema on physical examination, compared with two 
(25.0%) of the non- CKD control participants, p=0.08. In 
the CKD group, 10 (77%) participants had CKD stage 3 
and 3 (23%) had CKD stage 2.

Cardiovascular parameters
Median  (IQR)  BNP was  47.0  (28.0–302.5)  pg/mL  in  the 
CKD  group  vs  19.0  (12.3–92.3)  pg/mL  in  the  control 
group, p=0.07, and NT- pro- BNP was 245.0 (52.0–976.8) 
pg/mL  in  the CKD group vs 26.0  (14.5–225.8) pg/mL  in 
the control group, p=0.08 (figure 1A,B). Systolic blood 
pressure and diastolic blood pressure were not signifi-
cantly higher in the CKD group (figure 1C,D). Pulse pres-
sure was  79.0  (66.0–87.0) mm Hg  in  the CKD group  vs 
63.5 (49.0–67.4) mm Hg in the non- CKD group, p=0.046 
(figure 1E). ECW normalized to total body weight was 0.27 
(0.25–0.30) L/kg in the CKD group and 0.25 (0.23–0.26) L/
kg in the control group, p=0.13 (figure 1F). Cardiac index 
was significantly lower and TPRI significantly higher in the 
CKD group compared with controls, with cardiac index 
2.28  (2.08–2.78)  vs  3.08  (2.43–3.37)  L/min/m2, p=0.02, 
and TPRI 3721 (3283–4278) vs 2933 (2745–3198) dyn×s/
cm5/m2, p=0.01 (figure 1G,H).

Correlations of natriuretic peptides with cardiovascular 
parameters
BNP correlated with pulse pressure, cardiac index, and 
TPRI in the entire cohort (figure 2A–C). However, BNP was 
not significantly correlated with ECW/total body weight, 
with p=0.45 in the entire cohort, p=0.64 in the non- CKD 

Table 1 Baseline characteristics by CKD status

Variable description, median (IQR) or N (%)
Non- CKD
N=8

CKD
N=13 P value

Estimated GFR, mL/min/1.73 m2 92 (84–99) 40 (35–57) <0.001

Age, years 56.5 (48.0–72.5) 70.0 (58.5–75.0) 0.38

Race     0.67

  Black 4 (50.0) 8 (61.5)   

  White 4 (50.0) 5 (38.5)   

Hispanic ethnicity 1 (12.5) 0 (0.0) 0.38

Diabetes 3 (37.5) 8 (61.5) 0.39

Hypertension 8 (100.0) 13 (100.0) N/A

Hyperlipidemia 5 (62.5) 12 (92.3) 0.25

Heart failure with preserved ejection fraction 0 (0.0) 2 (15.4) 0.51

Peripheral vascular disease 1 (12.5) 3 (23.1) 1.00

Depression 5 (62.5) 5 (38.5) 0.39

Tobacco use       

  Any history of tobacco use 5 (62.5) 9 (69.2) 1.00

  Current tobacco use 2 (25.0) 5 (38.5) 0.66

Body weight, kg 104.5 (76.8–112.7) 90.6 (71.6–125.3) 1.00

Edema on physical examination 2 (25.0) 9 (69.2) 0.08

.CKD, chronic kidney disease; GFR, glomerular filtration rate; IQR, interquartile range; N/A, not applicable.
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group,  and  p=0.68  in  the  CKD  group  (online  supple-
mental table 1). It similarly did not correlate with systolic 
blood pressure (p=0.28 in the entire cohort, p=0.48 in the 
non- CKD control group, and p=0.97 in the CKD group) 
or diastolic blood pressure (p=0.28 in the entire cohort, 
p=0.53 in the non- CKD control group, and p=0.18 in the 
CKD group). NT- pro- BNP correlated with pulse pressure 
and cardiac index in the entire cohort (figure 2D–E), but 
did not correlate with other cardiovascular parameters 
(online supplemental table 1).

Associations of BNP and NT-pro-BNP with PROMs
There was a trend toward worse patient- reported severity 
of  dyspnea,  fatigue,  depression,  and  QOL  among  those 
with CKD versus without, although none reached statistical 
significance (table 2). The KDQOL sexual function subscale 
was excluded from analysis due to low response rate, as the 
majority of participants reported no sexual activity in the 
preceding 4 weeks. Exploratory Spearman’s correlations 
of symptom severity with cardiovascular parameters are 
shown in figure 3. TPRI and systolic blood pressure and 
diastolic blood pressure were moderately correlated with 
multiple symptom domains. Fatigue on the FACIT- F and as 
a domain of the KDQOL moderately correlated with ECW/
total body weight, such that higher ECW was associated 
with more favorable fatigues scores. Higher BNP was asso-
ciated with more favorable scores on the KDQOL domains 

of effect of CKD (Spearman’s r=0.24, p=0.04) and burden 
of CKD (Spearman’s r=0.20, p=0.01). NT- pro- BNP was 
not significantly correlated with any symptom scores in the 
overall cohort.

Repeatability of natriuretic peptides and ECW
There were no changes from baseline to 4 weeks in BNP, 
NT- pro- BNP, or ECW/total body weight measurements. 
In  the entire cohort, median  (IQR) BNP was 41.5  (18.0–
171.3)  pg/mL  at  baseline  and  49  (12.0–123.0)  pg/mL  at 
follow- up (p=0.36); median (IQR) NT- pro- BNP was 151.0 
(22.5–526.0) pg/mL at baseline and 195.0 (15.0–313.0) pg/
mL at  follow- up  (p=0.54);  and median  (IQR) ECW/total 
body weight was 0.259 (0.241–0.288) L/kg at baseline and 
0.256 (0.245–0.287) L/kg at follow- up (p=0.20) (figure 4). 
There were no differences from baseline to follow- up in 
these measurements in either the CKD or non- CKD groups.

DISCUSSION
In this pilot prospective cohort study, we found that indi-
viduals with CKD stages 1–3 had higher total peripheral 
resistance and lower cardiac index than individuals without 
CKD. Natriuretic peptides correlated with higher pulse 
pressure and TPRI and lower cardiac index, but not with 
ECW/total body weight. Higher blood pressure and TPRI 
were associated with increased symptom burden. Natriuretic 

Figure 1 CKD was associated with higher pulse pressure, lower cardiac index, and higher peripheral resistance. Dot plots show the 
individual data points for BNP (A), NT- pro- BNP (B), systolic blood pressure (C), diastolic blood pressure (D), pulse pressure (E), ECW/total 
body weight (F), cardiac index (G), and TPRI (H). BNP, brain natriuretic peptide; BP, blood pressure; CKD, chronic kidney disease; ECW, 
extracellular water; NT- pro- BNP, amino terminal pro- BNP; TPRI, total peripheral resistance index.
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peptides and ECW/total body weight measurements were 
consistent within individuals when repeated after 4 weeks.

Our exploratory results generate hypotheses that subclin-
ical changes in cardiovascular parameters may exist in 
patients with CKD stages 1–3. Participants with CKD 
had significantly higher pulse pressure and TPRI and 
lower cardiac index compared with non- CKD controls. 
It was notable that despite the exclusion of individuals 
with known left ventricular ejection fraction <40%, the 
majority (58%) of individuals in the CKD group had a 
cardiac index <2.5 mL/min/m2, which is considered below 
the normal range. Heart failure and decreased glomerular 
filtration rate (GFR) are strongly associated,34–36 which 
could explain this finding, as the majority of the CKD 
group was classified as stage 3 with a median (IQR) eGFR 
of 40 (35–57) mL/min/1.73 m2. The median cardiac index 
of 2.28 L/min/m2 (IQR 2.08–2.78) in our study was similar 
to prior estimates measured by bioelectrical impedance in 
patients with non- dialysis- dependent kidney disease, such 
as one small study of seven individuals with mean inulin- 
based  GFR  of  25  mL/min,  with  mean  cardiac  index  of 
2.3±0.2 L/min/m2.37 Our results were also similar to a 
study  of  85  older  adults  with  eGFR  ≤20 mL/min/1.73 
m2, in which median cardiac index measured by cardiac 
MRI was  2.5  L/min/m2  (IQR  2.1–3.0).38 However, these 
numbers differ from another study, in which mean cardiac 
index  by Doppler  ultrasonography was  3.86±1.57 L/min/
m2 among 24 younger individuals with CKD stages 2–4 
(mean  age  50.5±16.8  years).39 Despite this, even if the 
absolute cardiac index cannot be compared among studies 
due to differences in their methods for measuring stroke 
volume,40 41 this would not account for the difference 
seen in our study between the CKD and non- CKD groups, 

indicating that cardiac index may indeed be lower in those 
with early stage to moderate- stage CKD than those without 
kidney disease.

Building on these results, we sought to identify cardio-
vascular parameters associated with natriuretic peptides 
to provide further insight into interpretation of elevated 
BNP or NT- pro- BNP in CKD. Our study was likely 
underpowered to demonstrate that individuals with CKD 
had higher natriuretic peptides, higher ECW/total body 
weight, or more peripheral edema than those without 
CKD, as previously demonstrated in larger studies.12 42–44 
Natriuretic peptides are known to associate with decreased 
eGFR due to urinary clearance of these biomarkers, which 
affects BNP to a greater degree than NT- pro- BNP.42 45 46 
BNP and NT- pro- BNP are ultimate products of cleavage 
of pre- proBNP, which is generated by cardiomyocytes in 
response to increased pressure and stretch, often in the 
setting of acute states of extracellular volume excess.47 In 
the clinical setting, elevated levels of these biomarkers are 
frequently interpreted as indicating states of acute volume 
overload in patients with heart failure presenting with 
symptoms of dyspnea.10 11 45 However, natriuretic peptide 
release is also stimulated by other factors, including 
elevated angiotensin II and sympathetic nervous system 
activity.48 Our exploratory results support the notion that 
elevated natriuretic peptides in stable outpatients may be 
more strongly associated with low cardiac index and high 
total peripheral resistance than elevated ECW/total body 
weight. This raises the question of whether low cardiac 
index may explain the previously demonstrated relation-
ships between elevated BNP and NT- pro- BNP and adverse 
outcomes in CKD, but further investigation is needed into 
this point.

Figure 2 BNP and NT- pro- BNP were associated with cardiovascular parameters. Scatter plots show the linear associations of BNP with 
pulse pressure (A), cardiac index (B), and TPRI (C) and of NT- pro- BNP with pulse pressure (D) and cardiac index (E). Natriuretic peptides and 
blood pressure values were measured the same day as the available cardiac index and total peripheral resistance index measurement for 
each participant. BNP, brain natriuretic peptide; CKD, chronic kidney disease; NT- pro- BNP, amino terminal pro- BNP; TPRI, total peripheral 
resistance index. *p<0.05, **p<0.01.
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We further explored whether cardiovascular parameters 
may be associated with the high symptom burden experi-
enced by patients with CKD. Higher blood pressure and 
TPRI both appeared to correlate with increased severity of 
multiple symptom domains. Given that TPRI is derived in 
part from blood pressure, it is not surprising that we found 
similar relationships between these variables and symptom 
severity. There were no apparent correlations between 
natriuretic peptides and symptom burden. Our results 
differ from prior studies in other patient populations, which 
showed that BNP correlated with depressive symptoms in 
patients with heart failure and that fluid overload was asso-
ciated with fatigue and poor QOL among patients receiving 
chronic dialysis.49–51 Although we are unable to draw 
conclusions about such relationships from our exploratory 
results, it is possible that changes in cardiovascular param-
eters may contribute to the unique symptom profile expe-
rienced by patients with CKD prior to the onset of uremic 
symptoms. More extensive studies are needed to further 
characterize these relationships and inform future interven-
tions for these important patient- centered outcomes.

Finally, we measured the repeatability of BNP, 
NT- pro- BNP, and ECW/total body weight to assess whether 
these values remain stable over the course of 4 weeks without 

intervention. Our results suggest that these measurements 
are reliable over this window of time. Potential uses of 
repeated measures of natriuretic peptides in this popula-
tion remain to be determined. One prior study in patients 
on chronic hemodialysis showed that although BNP only 
correlated moderately with bioimpedance spectroscopy 
measurements of ECW between individuals, within indi-
viduals it strongly correlated with variation in extracellular 
volume.52 This suggests that repeated measures to assess 
change in natriuretic peptides over time may have a more 
important clinical role than their absolute values. With only 
two measurements of natriuretic peptides, we were unable 
to assess such relationships in this study.

This pilot study has several strengths. We obtained 
detailed phenotypic cardiovascular information in a sample 
of patients with CKD stages 1–3 and demonstrated that 
many had developed underlying subclinical changes in 
cardiovascular parameters when compared with individuals 
without CKD. The results also generate hypotheses about 
whether underlying cardiovascular disease may explain 
known relationships between natriuretic peptides, symptom 
burden, and poor outcomes. This study also has important 
limitations that temper interpretation of the results. Most 
notably, the small sample size limits what can be concluded 
from the data. Correlations must be interpreted cautiously 
with such a small sample size and concerns of multiple 
comparisons testing. The incomplete frequency matching 

Table 2 Baseline symptom scores by CKD status

Variable 
description, 
median (IQR)

Non- CKD
N=8

CKD
N=13 P value

Dyspnea* 0.0 (0.0–2.4) 1.0 (0.0–5.0) 0.39

Fatigue† 24.0 (18.0–43.0) 28.0 (24.0–43.0) 0.38

Depression‡ 6.0 (3.0–12.5) 8.0 (3.5–13.0) 0.49

Quality of life§

  Symptom burden 73.9 (57.8–90.3) 65.9 (52.3–77.3) 0.29

  Effect of CKD 98.4 (73.4–100.0) 93.8 (53.1–100.0) 0.30

  Burden of CKD 100.0 (70.3–100.0) 75 (21.9–84.4) 0.05

  Work 50.0 (0.0–100.0) 50.0 (0.0–100.0) 0.70

  Cognitive 
function

76.7 (53.3–96.7) 80.0 (26.7–93.3) 0.51

  Social 73.3 (51.7–86.7) 66.7 (36.7–93.3) 0.94

  Sex 37.5 (28.1–84.4) 93.8 (40.6–100.0) 0.45

  Sleep 66.3 (40.6–71.9) 57.5 (37.5–72.5) 0.66

  Social support 66.7 (33.3–83.3) 50.0 (41.7–100.0) 0.80

  Physical 
functioning

42.5 (22.5–83.8) 45.0 (17.5–70.0) 0.80

  Role physical 12.5 (0.0–93.8) 0.0 (0.0–100.0) 1.00

  Pain 45.0 (22.5–56.9) 32.5 (22.5–67.5) 0.94

  General health 47.5 (36.3–67.5) 30.0 (22.5–57.5) 0.17

  Emotional 69.0 (57.0–82.0) 64.0 (44.0–86.0) 0.54

  Role emotional 66.7 (0.0–100.0) 66.7 (0.0–100.0) 0.69

  Social functioning 50.0 (50.0–87.5) 50.0 (37.5–100.0) 0.80

  Fatigue 37.5 (16.2–67.5) 40.0 (30.0–72.5) 0.47

*Measured using the dyspnea visual analog scale, range 0–10. Higher scores 
indicate more severe dyspnea.
†Measured using the Functional Assessment of Chronic Illness Therapy- 
Fatigue, range 0–52. Higher scores indicate less severe fatigue.
‡Measured using the 16- item Self- Reported Quick Inventory of Depressive 
Symptomatology, range 0–48. Higher scores indicate more severe depression.
§Measured using the Kidney Disease Health Related Quality of Life- Short 
Form 36, range 0–100. Higher scores indicate more favorable quality of life.

Figure 3 Higher systolic blood pressure and diastolic blood 
pressure and higher peripheral resistance may be associated with 
multiple patient- reported symptoms. In an exploratory analysis, the 
heat map represents correlations seen between symptom scores 
and cardiovascular parameters, with bright red representing the 
strongest positive correlations and bright blue representing the 
strongest negative correlations. Pale red and pale blue represent 
weaker correlations, and gray represents correlations near zero. 
Patient- reported symptoms, ECW/total body weight, and blood 
pressure were measured the same day as the available cardiac 
index and total peripheral resistance index measurement for each 
participant. CKD, chronic kidney disease; ECW, extracellular water; 
FACIT- F, Functional Assessment of Chronic Illness Therapy- Fatigue; 
KDQOL, Kidney Disease Health Related Quality of Life- Short Form 
36; QIDS- SR16, 16- item Self- Reported Quick Inventory of Depressive 
Symptomatology; TPRI, total peripheral resistance index.
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for age and diabetes of control and CKD participants was 
unavoidable due to unanticipated early cessation of recruit-
ment in the setting of the COVID- 19 pandemic and subse-
quent unequal recruitment between the two groups. The 
majority of the CKD group had stage 3 CKD, limiting inter-
pretation of alterations in cardiovascular parameters that 
may develop in CKD stages 1–2. Some of the results seen 
could be accounted for by the higher age, higher prevalence 
of diabetes, or slightly higher blood pressure observed in 
the CKD group than the control group, but the study was 
too small to conduct a sensitivity analysis excluding individ-
uals whose measured blood pressure was <140/90 mm Hg. 
We did not evaluate the role of medications, such as beta- 
blockers, on the relationships studied. We did not obtain 
repeated measures of cardiac index or TPRI to evaluate the 
consistency of these measurements over time.

In conclusion, the presence of CKD stages 1–3 may be 
associated with higher pulse pressure and total peripheral 
resistance and lower cardiac index compared with indi-
viduals without CKD. Elevated natriuretic peptides may 
correlate with low cardiac index, elevated total peripheral 
resistance, and elevated pulse pressure. Elevated blood pres-
sure and TPRI may also correlate with multiple symptom 
burden domains, but these results need to be confirmed in 
larger cohorts. Further evaluation of these relationships in 
larger studies will be of interest to determine more clinically 
accessible ways to identify patients with subclinical changes 
in cardiovascular parameters who may be at higher risk for 
future adverse outcomes.

Author affiliations
1Selzman Institute for Kidney Health, Section of Nephrology, Department of 
Medicine, Baylor College of Medicine, Houston, Texas, USA
2Medical Care Line, Section of Nephrology, Michael E DeBakey Veterans Affairs 
Medical Center, Houston, Texas, USA
3Veterans Affairs Health Services Research and Development Center for 
Innovations in Quality, Effectiveness and Safety, Houston, Texas, USA
4Internal Medicine, Division of Nephrology, University of Texas Southwestern 
Medical Center, Dallas, Texas, USA
5Medical Service, Renal Section, Veterans Affairs North Texas Health Care 
System, Dallas, Texas, USA
6Mental Health Service, Veterans Affairs North Texas Health Care System, 
Dallas, Texas, USA
7Internal Medicine, Division of Cardiology, University of Texas Southwestern 
Medical Center, Dallas, Texas, USA
8Medical Service, Cardiology Section, Veterans Affairs North Texas Health Care 
System, Dallas, Texas, USA
9Internal Medicine, Section of Cardiology, Baylor College of Medicine, 
Houston, Texas, USA

10Internal Medicine, Section of Cardiology, Michael E. DeBakey Veterans Affairs 
Medical Center, Houston, Texas, USA
11Institute of Clinical and Translational Research, Baylor College of Medicine, 
Houston, Texas, USA

Presented at
These results were presented in part in abstract form at the American Society 
of Nephrology Kidney Week, October 22, 2020.

Twitter L Parker Gregg @LParkerGregg1

Contributors Study conception and design: LPG, PVB, SB, SSH; data 
collection: LPG, PVB, AM, SB, SSH; analysis and interpretation of results: LPG, 
PVB, DR, AM, SB, CW, SV, WW, SN, SSH; draft manuscript preparation: LPG, 
DR, SSH. All authors reviewed the results and approved the final version of the 
manuscript. LPG is responsible for the overall content as guarantor, accepts full 
responsibility for the finished work and the conduct of the study, had access to 
the data, and controlled the decision to publish.

Funding This study was funded in part by a VA North Texas Health Care 
System New Investigator Program award (awarded to LPG). LPG is supported 
by a VA CSR&D Career Development Award (IK2CX002368). This work 
was also supported in part by the Houston VA Health Services Research & 
Development Center for Innovations grant (CIN13- 413). SSH is supported by 
the Yin Quan- Yuen Distinguished Professorship in Nephrology at the University 
of Texas Southwestern Medical Center, Dallas, Texas. CW is supported by grant 
K23DK122131 from the National Institute of Diabetes and Digestive and 
Kidney Diseases.

Disclaimer The interpretation and reporting of these data are the 
responsibility of the authors and in no way should be viewed as official policy 
or interpretation of the Department of Veterans Affairs or the US government.

Competing interests PNVB is an associate editor for the Journal of 
Investigative Medicine. SN reports receiving personal fees from AstraZeneca 
(Data Safety Monitoring Board) Bayer, Boehringer Ingelheim, and Eli Lilly 
and Co and Vifor; receiving grants from Keryx and receiving research 
funding from the Department of Veterans Affairs Health Services Research 
& Development outside the submitted work. SV reports research funding 
from VA HSR&D, NIH, World Heart Federation, Tahir, and Jooma Family; and 
honoraria from the American College of Cardiology in his role as the Associate 
Editor for Innovations,  acc. org, outside of this work. WW reports personal 
fees from Akebia/Otsuka, AstraZeneca, Bayer, Boehringer- Ingelheim/Lilly, 
GlaxoSmithKline, Janssen, Merck, Pharmacosmos, and Reata, outside of this 
work. The remaining authors have nothing to disclose.

Patient consent for publication Not applicable.

Ethics approval The study was approved by the Veterans Affairs North Texas 
Health Care System Institutional Review Board (1590046- 3). Written informed 
consent was obtained from participants prior to any study procedures in 
accordance with the Declaration of Helsinki.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement No data are available.

Supplemental material This content has been supplied by the author(s). 
It has not been vetted by BMJ Publishing Group Limited (BMJ) and may not 
have been peer- reviewed. Any opinions or recommendations discussed are 

Figure 4 Repeated measurements of natriuretic peptides and extracellular volume were consistent over time. BNP (A), NT- pro- BNP 
(B), and ECW/total body weight (C) were consistent within participants from baseline to follow- up 4 weeks later. BNP, brain natriuretic 
peptide; CKD, chronic kidney disease; ECW, extracellular water; NT- pro- BNP, amino terminal pro- BNP.

 on A
pril 5, 2024 by guest. P

rotected by copyright.
file:/

J Investig M
ed: first published as 10.1136/jim

-2022-002467 on 19 July 2022. D
ow

nloaded from
 

https://twitter.com/LParkerGregg1


8 Gregg LP, et al. J Investig Med 2022;0:1–9. doi:10.1136/jim-2022-002467

Original research

solely those of the author(s) and are not endorsed by BMJ. BMJ disclaims all 
liability and responsibility arising from any reliance placed on the content. 
Where the content includes any translated material, BMJ does not warrant the 
accuracy and reliability of the translations (including but not limited to local 
regulations, clinical guidelines, terminology, drug names and drug dosages), 
and is not responsible for any error and/or omissions arising from translation 
and adaptation or otherwise.

ORCID iDs
L Parker Gregg http://orcid.org/0000-0002-5469-367X
Peter N Van Buren http://orcid.org/0000-0002-4392-1163

REFERENCES
 1 Go AS, Chertow GM, Fan D, et al. Chronic kidney disease and the risks 

of death, cardiovascular events, and hospitalization. N Engl J Med 
2004;351:1296–305.

 2 Schiffrin EL, Lipman ML, Mann JFE. Chronic kidney disease: effects on the 
cardiovascular system. Circulation 2007;116:85–97.

 3 United States Renal Data System. 2021 USRDS annual data report: 
epidemiology of kidney disease in the United States. Bethesda, MD: Natl 
Institutes Heal Natl Inst Diabetes Dig Kidney Dis, 2021.

 4 Mujais SK, Story K, Brouillette J, et al. Health- related quality of life in 
CKD patients: correlates and evolution over time. Clin J Am Soc Nephrol 
2009;4:1293–301.

 5 Almutary H, Bonner A, Douglas C. Which patients with chronic kidney disease 
have the greatest symptom burden? A comparative study of advanced CKD 
stage and dialysis modality. J Ren Care 2016;42:73–82.

 6 Hedayati SS, Minhajuddin AT, Toto RD, et al. Prevalence of major depressive 
episode in CKD. Am J Kidney Dis 2009;54:424–32.

 7 Hedayati SS, Gregg LP, Carmody T, et al. Effect of sertraline on depressive 
symptoms in patients with chronic kidney disease without dialysis dependence: 
the cast randomized clinical trial. JAMA 2017;318:1876–90.

 8 Gregg LP, Hedayati SS. Management of traditional cardiovascular risk factors in 
CKD: what are the data? Am J Kidney Dis. 2018;72:728- 744.

 9 Yancy CW, Jessup M, Bozkurt B, et al. 2017 ACC/AHA/HFSA Focused Update of 
the 2013 ACCF/AHA Guideline for the Management of Heart Failure: A Report 
of the American College of Cardiology/American Heart Association Task Force 
on Clinical Practice Guidelines and the Heart Failure Society of America. J Am 
Coll Cardiol 2017;70:776–803.

 10 Yoshimura M, Yasue H, Okumura K, et al. Different secretion patterns of atrial 
natriuretic peptide and brain natriuretic peptide in patients with congestive 
heart failure. Circulation 1993;87:464–9.

 11 Yasue H, Yoshimura M, Sumida H, et al. Localization and mechanism of 
secretion of B- type natriuretic peptide in comparison with those of A- type 
natriuretic peptide in normal subjects and patients with heart failure. 
Circulation 1994;90:195–203.

 12 Gregg LP, Adams- Huet B, Li X, et al. Effect modification of chronic kidney 
disease on the association of circulating and imaging cardiac biomarkers with 
outcomes. J Am Heart Assoc 2017;6:e005235.

 13 Hung S- C, Lai Y- S, Kuo K- L, et al. Volume overload and adverse outcomes in 
chronic kidney disease: clinical observational and animal studies. J Am Heart 
Assoc 2015;4:e001918.

 14 Tsai Y- C, Chiu Y- W, Tsai J- C, et al. Association of fluid overload with 
cardiovascular morbidity and all- cause mortality in stages 4 and 5 CKD. Clin J 
Am Soc Nephrol 2015;10:39–46.

 15 Tsai Y- C, Tsai J- C, Chen S- C, et al. Association of fluid overload with kidney 
disease progression in advanced CKD: a prospective cohort study. Am J Kidney 
Dis 2014;63:68–75.

 16 Faucon A- L, Flamant M, Metzger M, et al. Extracellular fluid volume is 
associated with incident end- stage kidney disease and mortality in patients 
with chronic kidney disease. Kidney Int 2019;96:1020–9.

 17 Palmer BF, Clegg DJ. Fluid overload as a therapeutic target for the preservative 
management of chronic kidney disease. Curr Opin Nephrol Hypertens 
2020;29:22–8.

 18 Levey AS, Stevens LA, Schmid CH, et al. A new equation to estimate glomerular 
filtration rate. Ann Intern Med 2009;150:604–12.

 19 National Kidney Foundation. K/DOQI clinical practice guidelines for chronic 
kidney disease: evaluation, classification, and stratification. Am J Kidney Dis 
2002;39:S1–266.

 20 McAdams M, Gregg LP, Lu R, et al. The effects of extracellular volume and 
intradialytic peripheral resistance changes on ambulatory blood pressure in 
hemodialysis patients with and without recurrent intradialytic hypertension. 
Clin Kidney J 2021;14:1450–7.

 21 Jeon- Slaughter H, Gregg LP, Concepcion M, et al. The associations between 
orthostatic blood pressure changes and extracellular volume in hemodialysis 
patients. Hemodial Int 2022;26:124–33.

 22 Lamia B, Kim HK, Severyn DA, et al. Cross- comparisons of trending 
accuracies of continuous cardiac- output measurements: pulse contour 
analysis, bioreactance, and pulmonary- artery catheter. J Clin Monit Comput 
2018;32:33–43.

 23 Sangkum L, Liu GL, Yu L, et al. Minimally invasive or noninvasive cardiac output 
measurement: an update. J Anesth 2016;30:461–80.

 24 Karakitsos DN, Patrianakos AP, Paraskevopoulos A, et al. Impedance 
cardiography derived cardiac output in hemodialysis patients: a study of 
reproducibility and comparison with echocardiography. Int J Artif Organs 
2006;29:564–72.

 25 Lu Y, Wang L, Wang H. Effectiveness of an impedance cardiography guided 
treatment strategy to improve blood pressure control in a real- world setting: 
results from a pragmatic clinical trial. Open Hear 2021;8:e001719.

 26 Treister N, Wagner K, Jansen PR. Reproducibility of impedance cardiography 
parameters in outpatients with clinically stable coronary artery disease. Am J 
Hypertens 2005;18:44S–50.

 27 Van Buren PN, Zhou Y, Neyra JA, et al. Extracellular volume overload and 
increased vasoconstriction in patients with recurrent Intradialytic hypertension. 
Kidney Blood Press Res 2016;41:802–14.

 28 Cella D, Lai J- S, Chang C- H, et al. Fatigue in cancer patients  
compared with fatigue in the general United States population. Cancer 
2002;94:528–38.

 29 Yellen SB, Cella DF, Webster K, et al. Measuring fatigue and other anemia- 
related symptoms with the functional assessment of cancer therapy (fact) 
measurement system. J Pain Symptom Manage 1997;13:63–74.

 30 Rush AJ, Trivedi MH, Ibrahim HM, et al. The 16- Item quick inventory of 
depressive symptomatology (QIDS), clinician rating (QIDS- C), and self- report 
(QIDS- SR): a psychometric evaluation in patients with chronic major depression. 
Biol Psychiatry 2003;54:573–83.

 31 Hedayati SS, Minhajuddin AT, Toto RD, et al. Validation of depression screening 
scales in patients with CKD. Am J Kidney Dis 2009;54:433–9.

 32 Hays RD, Kallich JD, Mapes DL, et al. Development of the kidney disease quality 
of life (KDQOL) instrument. Qual Life Res 1994;3:329–38.

 33 Gift AG. Validation of a vertical visual analogue scale as a measure of clinical 
dyspnea. Rehabil Nurs 1989;14:323–32.

 34 Kottgen A, Russell SD, Loehr LR, et al. Reduced kidney function as a risk factor 
for incident heart failure: the atherosclerosis risk in communities (ARIC) study. J 
Am Soc Nephrol 2007;18:1307–15.

 35 Damman K, Valente MAE, Voors AA, et al. Renal impairment, worsening renal 
function, and outcome in patients with heart failure: an updated meta- analysis. 
Eur Heart J 2014;35:455–69.

 36 House AA, Wanner C, Sarnak MJ, et al. Heart failure in chronic kidney disease: 
conclusions from a kidney disease: improving global outcomes (KDIGO) 
controversies conference. Kidney Int 2019;95:1304–17.

 37 Dhaun N, Ferro CJ, Davenport AP, et al. Haemodynamic and renal effects 
of endothelin receptor antagonism in patients with chronic kidney disease. 
Nephrol Dial Transplant 2007;22:3228–34.

 38 Zijlstra LE, Trompet S, Jukema JW, et al. Association of cardiovascular structure 
and function with cerebrovascular changes and cognitive function in older 
patients with end- stage renal disease. Aging 2020;12:1496–511.

 39 Lubas A, Ryczek R, Kade G, et al. Renal perfusion index reflects  
cardiac systolic function in chronic cardio- renal syndrome. Med Sci Monit 
2015;21:1089–96.

 40 Borzage M, Heidari K, Chavez T, et al. Measuring stroke volume: impedance 
cardiography vs phase- contrast magnetic resonance imaging. Am J Crit Care 
2017;26:408–15.

 41 Harford M, Clark SH, Smythe JF, et al. Non- invasive stroke volume estimation 
by transthoracic electrical bioimpedance versus Doppler echocardiography in 
healthy volunteers. J Med Eng Technol 2019;43:33–7.

 42 Takase H, Dohi Y. Kidney function crucially affects B- type natriuretic 
peptide (BNP), N- terminal proBNP and their relationship. Eur J Clin Invest 
2014;44:303–8.

 43 Ebah LM, Wiig H, Dawidowska I, et al. Subcutaneous interstitial pressure and 
volume characteristics in renal impairment associated with edema. Kidney Int 
2013;84:980–8.

 44 Jenkins R, Mandarano L, Gugathas S, et al. Impaired renal function affects 
clinical outcomes and management of patients with heart failure. ESC Heart 
Fail 2017;4:576–84.

 45 Colbert G, Jain N, de Lemos JA, et al. Utility of traditional circulating and 
imaging- based cardiac biomarkers in patients with predialysis CKD. Clin J Am 
Soc Nephrol 2015;10:515–29.

 on A
pril 5, 2024 by guest. P

rotected by copyright.
file:/

J Investig M
ed: first published as 10.1136/jim

-2022-002467 on 19 July 2022. D
ow

nloaded from
 

http://orcid.org/0000-0002-5469-367X
http://orcid.org/0000-0002-4392-1163
http://dx.doi.org/10.1056/NEJMoa041031
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.678342
http://dx.doi.org/10.2215/CJN.05541008
http://dx.doi.org/10.1111/jorc.12152
http://dx.doi.org/10.1053/j.ajkd.2009.03.017
http://dx.doi.org/10.1001/jama.2017.17131
http://dx.doi.org/10.1053/j.ajkd.2017.12.007
http://dx.doi.org/10.1016/j.jacc.2017.04.025
http://dx.doi.org/10.1016/j.jacc.2017.04.025
http://dx.doi.org/10.1161/01.cir.87.2.464
http://dx.doi.org/10.1161/01.cir.90.1.195
http://dx.doi.org/10.1161/JAHA.116.005235
http://dx.doi.org/10.1161/JAHA.115.001918
http://dx.doi.org/10.1161/JAHA.115.001918
http://dx.doi.org/10.2215/CJN.03610414
http://dx.doi.org/10.2215/CJN.03610414
http://dx.doi.org/10.1053/j.ajkd.2013.06.011
http://dx.doi.org/10.1053/j.ajkd.2013.06.011
http://dx.doi.org/10.1016/j.kint.2019.06.017
http://dx.doi.org/10.1097/MNH.0000000000000563
http://dx.doi.org/10.7326/0003-4819-150-9-200905050-00006
http://www.ncbi.nlm.nih.gov/pubmed/11904577
http://dx.doi.org/10.1093/ckj/sfaa159
http://dx.doi.org/10.1111/hdi.12979
http://dx.doi.org/10.1007/s10877-017-9983-4
http://dx.doi.org/10.1007/s00540-016-2154-9
http://dx.doi.org/10.1177/039139880602900604
http://dx.doi.org/10.1016/j.amjhyper.2004.11.001
http://dx.doi.org/10.1016/j.amjhyper.2004.11.001
http://dx.doi.org/10.1159/000450565
http://dx.doi.org/10.1002/cncr.10245
http://dx.doi.org/10.1016/s0885-3924(96)00274-6
http://dx.doi.org/10.1016/s0006-3223(02)01866-8
http://dx.doi.org/10.1053/j.ajkd.2009.03.016
http://dx.doi.org/10.1007/BF00451725
http://dx.doi.org/10.1002/j.2048-7940.1989.tb01129.x
http://dx.doi.org/10.1681/ASN.2006101159
http://dx.doi.org/10.1681/ASN.2006101159
http://dx.doi.org/10.1093/eurheartj/eht386
http://dx.doi.org/10.1016/j.kint.2019.02.022
http://dx.doi.org/10.1093/ndt/gfm364
http://dx.doi.org/10.18632/aging.102696
http://dx.doi.org/10.12659/MSM.892630
http://dx.doi.org/10.4037/ajcc2017488
http://dx.doi.org/10.1080/03091902.2019.1599074
http://dx.doi.org/10.1111/eci.12234
http://dx.doi.org/10.1038/ki.2013.208
http://dx.doi.org/10.1002/ehf2.12185
http://dx.doi.org/10.1002/ehf2.12185
http://dx.doi.org/10.2215/CJN.03600414
http://dx.doi.org/10.2215/CJN.03600414


9Gregg LP, et al. J Investig Med 2022;0:1–9. doi:10.1136/jim-2022-002467

Original research

 46 Vickery S, Price CP, John RI, et al. B- type natriuretic peptide (BNP) and amino- 
terminal proBNP in patients with CKD: relationship to renal function and left 
ventricular hypertrophy. Am J Kidney Dis 2005;46:610–20.

 47 Tsai S- H, Lin Y- Y, Chu S- J, et al. Interpretation and use of natriuretic peptides in 
non- congestive heart failure settings. Yonsei Med J 2010;51:151–63.

 48 McFarlane SI, Winer N, Sowers JR. Role of the natriuretic peptide system in 
cardiorenal protection. Arch Intern Med 2003;163:2696–704.

 49 Tangvoraphonkchai K, Davenport A. Extracellular water excess and increased 
self- reported fatigue in chronic hemodialysis patients. Ther Apher Dial 
2018;22:152–9.

 50 Yoon HE, Kwon YJ, Song HC, et al. Overhydration negatively affects quality of 
life in peritoneal dialysis patients: evidence from a prospective observational 
study. Int J Med Sci 2016;13:686–95.

 51 Aguiar VB, Ochiai ME, Cardoso JN, et al. Relationship between depression, 
BNP levels and ventricular impairment in heart failure. Arq Bras Cardiol 
2010;95:732–7.

 52 Stenberg J, Melin J, Lindberg M, et al. Brain natriuretic peptide reflects 
individual variation in hydration status in hemodialysis patients. Hemodial Int 
2019;23:402–13.

 on A
pril 5, 2024 by guest. P

rotected by copyright.
file:/

J Investig M
ed: first published as 10.1136/jim

-2022-002467 on 19 July 2022. D
ow

nloaded from
 

http://dx.doi.org/10.1053/j.ajkd.2005.06.017
http://dx.doi.org/10.3349/ymj.2010.51.2.151
http://dx.doi.org/10.1001/archinte.163.22.2696
http://dx.doi.org/10.1111/1744-9987.12648
http://dx.doi.org/10.7150/ijms.16372
http://dx.doi.org/10.1590/s0066-782x2010005000125
http://dx.doi.org/10.1111/hdi.12751

	Natriuretic peptides, extracellular volume, and subclinical cardiovascular changes in chronic kidney disease stages 1–3: a pilot study
	ABSTRACT
	Introduction
	Materials and methods
	Participants and setting
	Clinical and laboratory variables
	Extracellular water, cardiac index, and total peripheral resistance index
	Patient-reported outcome measures
	Statistical analysis

	Results
	Baseline characteristics
	Cardiovascular parameters
	Correlations of natriuretic peptides with cardiovascular parameters
	Associations of BNP and NT-pro-BNP with PROMs
	Repeatability of natriuretic peptides and ECW

	Discussion
	References


