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REVERSE EPIDEMIOLOGY OF BLOOD PRESSURE IN PERITONEAL DIALYSIS ASSOCIATED WITH 
DYNAMIC DETERIORATION OF LEFT VENTRICULAR FUNCTION
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Division of Nephrology,1 Department of Internal Medicine, University of Michigan, Ann Arbor, MI, United States; and 
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♦  Background:  Reverse epidemiology of blood pressure (BP) in 
end-stage kidney disease (ESKD) is manifested as higher mortal-
ity at lower blood pressure. We hypothesize that this phenom-
enon is partially mediated by deterioration of cardiac structure 
and function. 
♦  Methods:  Seventy-seven prevalent ESKD patients starting renal 
replacement therapy on peritoneal dialysis (PD) from 2007 to 2012 
were evaluated for the primary outcome of all-cause mortality. 
Longitudinal data were obtained from 1,930 patient-encounters 
including monthly clinic BP and serial echocardiograms. General-
ized linear mixed models using data from the last observation 
moving backward, and time-to-event analysis using time-varying 
Cox-survival models to estimate mortality risk at different blood 
pressure categories were applied. 
♦  Results:  There were 39 males (50.6%). Mean age was 51 years 
(standard deviation [SD] = 15). During follow-up, 20 patients 
(25%) died. As compared to systolic blood pressure (SBP) of 140 – 
159 mmHg, unadjusted risk of mortality was 7.3 (95% confidence 
interval [CI]: 1.5 – 35.7, p = 0.008) at level < 120 mmHg. Systolic 
BP trended down to an average of 117 mmHg prior to death in 
non-survivors as compared to 141 mmHg in survivors (p < 0.05). In 
non-survivors, percentage with concentric left ventricular hyper-
trophy (LVH) decreased by 20% at the expense of a 20% reciprocal 
increase in eccentric hypertrophy associated with a 30% increase in 
percentage with low ejection fraction (EF) (< 50%). After adjust-
ing for EF, risk of mortality at SBP < 120 mmHg attenuated to 3.4 
(95% CI: 0.7 – 17.7, p = 0.14). 
♦  Conclusion:  We conclude that higher mortality associated with 
lower BP may be mediated in part by worsening heart function in 
ESKD patients receiving PD.
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Hypertension is the second most common cause of kid-
ney failure responsible for over 150,000 patients with 

end-stage kidney disease (ESKD) in the United States (1). 
Hypertension is highly prevalent in ESKD, such that up to 90% 

of patients are reported to have hypertension (2–4). Over 50% 
of deaths in ESKD are attributed to cardiovascular disorders 
(4) of which hypertension is the most prevalent disorder. 
Unlike the general population, where there is a linear increase 
in mortality with an increase in systolic blood pressure (BP), 
there is a “U” shape relationship between risk of mortality 
and systolic BP in ESKD referred to as reverse epidemiology 
(5–11). This phenomenon is a matter of intense debate and 
has generated uncertainty about the optimal range of BP 
control in ESKD. While the 2005 National Kidney Foundation 
Kidney Disease Outcomes Quality Initiatives clinical practice 
guidelines recommend a pre-dialysis BP < 140/90 and a post-
dialysis BP < 130/80 mmHg in patients on hemodialysis (HD), 
targeting such a level has been challenged in several reports 
(5,6). Presumptive etiologies including age-comorbidity 
index, survival bias, competing risk factors, chronic inflam-
mation/malnutrition, the uremic milieu, and heart failure 
have all been proposed to explain this reverse epidemiology 
(5,6,12–14). However, to our knowledge no longitudinal study 
has examined the echocardiographic changes of left ven-
tricular (LV) geometry and function in ESKD patients and its 
association with BP. As peritoneal dialysis (PD) imposes less 
severe hemodynamic fluctuations from ultrafiltration than HD 
(15–17), echocardiographic studies in PD patients may allow 
a more robust evaluation of the relationship between BP and 
LV function than HD. Therefore, echocardiographic studies in 
PD patients may provide a unique opportunity to capture the 
dynamic changes of LV geometry in ESKD. In this study, we aim 
to compare changes of LV geometry and function over time in 
a well characterized group of ESKD patients on PD by survival 
status, and to examine the impact of different categories of 
BP on risk of mortality. We hypothesize that reverse epidemi-
ology of BP is partially mediated by deterioration of cardiac 
structure and function. 

METHODS

STUDY SUBJECTS

This study is a single-center longitudinal observation. The 
study population is defined as prevalent patients with ESKD on 
PD from January 2007 to July 2012. Inclusion criteria were: 18 
years of age or older, initiation of renal replacement therapy 
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with PD as the modality in patients with ESKD from any etiology, 
at least 3 months of follow-up available after the PD start, and 
having routinely performed serial echocardiography examina-
tions during follow-up. Exclusion criteria were recovery from 
kidney failure leading to termination of PD, transitioning to 
HD or kidney transplantation, as well as transferring of care 
to another outpatient unit within 3 months after dialysis 
initiation. All consecutive eligible patients who passed the 
enrollment criteria were included. They consisted of 77 patients 
with ESKD from different causes including 24 patients (31.2%) 
from diabetes, 24 (31.2%) from glomerulopathy, 5 (6.5%) from 
polycystic kidney disease, 4 (5.2%) from hypertension, 4 (5.2%) 
from genitourinary reflux, and 16 patients (20.8%) from other 
etiologies as cause of their kidney failure. 

DATA COLLECTION 

Data were collected by review of 1,930 patient-visits from 
the medical records of the included patients from their date 
of the first dialysis treatment until the date of death or the 
end of the study, which ever happened first. All patients were 
typically seen for monthly clinic visits after initiation of PD, 
except during a prolonged hospitalization. Clinical character-
istics including demographics (age, gender, and race), physical 
examination findings (height, weight, systolic and diastolic 
BP), medications, and lab values were obtained at baseline and 
subsequent monthly outpatient clinic visits. The longitudinal 
data included sitting BPs, heart rate, weight, hemoglobin, 
serum albumin, PD prescription, Kt/V (delivered and residual 
kidney function), history of interval hospitalization or develop-
ment of PD complications, and sequential echocardiograms. 
Urea kinetic modeling was used to calculate the weekly deliv-
ered Kt/V from PD and this was added to the Kt/V of residual 
kidney function if present to determine the total Kt/V for 
each patient. Loss of residual kidney function was defined as 
anuria or a renal Kt/V of 0. Left ventricular echocardiography 
results were obtained from 285 interpretable routinely per-
formed serial echo studies. The baseline echocardiogram was 
selected as the study done nearest to the date of initiation of PD 
(median = 1 month). The median interval between subsequent 
echocardiograms was 11 months. Body surface area (BSA) at 
the time of echocardiography was estimated using the formula: 
[height (cm) × weight (kg)/3,600]0.5 (18). Standard M-mode 
echocardiography with echo probe at or just below the tips 
of the mitral valve leaflets obtained from the corresponding 
parasternal long- and short-axis cuts (19) provided the LV 
measurements. Left ventricular mass was calculated from 
measurements of other LV dimensions using the formula: LV 
mass = [1.04 × (IVST + PWT + LVEDD)3 – LVEDD3], where IVST, 
PWT, and LVEDD stand for interventricular septal thickness, 
posterior wall thickness, and LV end-diastolic dimension, 
respectively (20). Left ventricular mass index (LVMI) is defined 
as LV mass standardized by BSA. Left ventricular hypertrophy 
(LVH) is defined as LVMI greater than 110 g/m2 in females and 
greater than 130 g/m2 in males (21–23). Relative wall thick-
ness (RWT) was calculated as (2 × PWT)/LVEDD. Concentric 

LVH (cLVH) is defined as LVH with an RWT of 0.44 or greater. 
Eccentric LVH (eLVH) is defined as LVH with an RWT of less than 
0.44. Patients were followed until July 2012, until the primary 
endpoint of death from any cause, or until they were censured 
for change to HD as modality, transfer to another center, or 
received a kidney transplant. Approval of institutional review 
board was obtained. Tests of intraobserver variability of the 
echocardiograms revealed excellent reproducibility with 
intraclass correlation coefficient of 0.98 for LVEDD, 0.94 for 
LVESD, 0.94 for IVST, 0.97 for PWT, and 1.0 for EF < 50%, and 
coefficients of variation of 1.8% for LVEDD, 5.8% for LVESD, 
4.8% for IVST, and 5.2% for PWT.

STATISTICAL ANALYSIS

The descriptive statistics were mean and standard deviation 
(SD) for continuous variables, and frequency and percentages 
for categorical variables. Median (interquartile range [IQR]) 
was used for description of variables with skewed distribution. 
Chi-square was used to test the categorical variables by differ-
ent subgroups. Analysis of variance (ANOVA) with Bonferroni 
correction for multiple comparisons was applied to compare 
means across different categories. Linear regression analysis 
was applied to explore the significance of linear trends among 
the subgroups. We used 2 complementary analytic approaches 
to study the longitudinal variables. First, to compare means 
by survival status at different time points, the averaged val-
ues of several observations within 3-month time blocks were 
compared in the 2 groups of deceased and survivors starting 
from the last observation moving backward. The rationale for 
averaging variables into 3-month time blocks is to minimize 
the impact of isolated fluctuations and providing robust val-
ues representative of the 3-month blocks to be used for the 
downstream analyses. When a patient missed a clinic visit for 
reasons such as hospitalization, values from the other 2 clinic 
visits were averaged to represent the corresponding time block. 
Random effect generalized linear mixed models were used to 
explore the interaction of the trends of longitudinal variables 
obtained from successive visits over time by survival status. 
Similar mixed linear models were used to assess the trend of 
change in LVMI and the LV configurations over time. In the sec-
ond approach, and to explore the impact of different categories 
of BP on outcome, we applied time-to-event analyses from the 
starting date of PD moving forward using various Cox survival 
models. These models included unadjusted to fully adjusted 
models to estimate relative risk of death at different categories 
of BP: A) at the time of initiation of PD, and B) throughout 
the duration of study by using BP, and other covariates as 
time-varying variables. The reference category for systolic BP 
was the 140 – 159 mmHg group, and for diastolic BP was the 
70 – 79 mmHg group. For incremental level of adjustments, 
we only kept the covariates which were independently associ-
ated with mortality for the next model after adjusting for the 
variables with significant imbalance at baseline. The analysis 
was conducted using SPSS version 21 (Armonk, NY, USA) and 
SAS version 9.3 (Cary, NC, USA). 
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RESULTS

There were 39 males (50.6%) and 38 females (49.4%). Mean 
age was 51 years (SD = 15). There were 60 white patients (77.9%), 
15 black patients (19.5%), and 2 patients (2.6%) from other 
races. The median follow-up time was 35 months (IQR: 21 – 58 
months). During this observation 20 patients (25%) died. All 
20 expired patients were known to have 1 or more forms of 
longstanding cardiopulmonary disorders prior to death includ-
ing diastolic dysfunction in 7 patients, systolic heart failure in 
6, pulmonary hypertension in 6, coronary artery disease in 3, 
and chronic arrhythmia in 1 patient. However, the immediate 
cause of death was non-cardiac in 8 patients and included sepsis 
in 3, accident in 1, systemic lupus erythematosus in 1, intra-
cranial bleeding in 1, mesenteric ischemia in 1, and unknown 
in 1 patient. The cardiac causes of death in the remaining 
12 patients were deterioration of heart failure in 10 (with 8 
patients transitioning to hospice), and cardiac arrhythmia in 2 

patients. Table 1 shows the distribution of baseline variables by 
category of baseline systolic BP. Accordingly, the distribution of 
age, sex, race, weight, height, BSA, medications, and modality 
of PD was not significantly different by category of baseline 
systolic BP. Although there is a trend toward higher utilization 
of antihypertensive medications in association with higher BP 
groups, the trend did not reach statistical significance. Total 
Kt/V was found to decline with progressively higher categories 
of BP, and this was largely driven by lower values of residual 
renal function in the higher BP categories (p < 0.05).  The only 
notable change in laboratory parameters was the increasing 
trend in serum phosphorous with increased levels of BP, despite 
similar use of phosphate binders. There were no other signifi-
cant differences in other lab values among the BP subgroups.  

Table 2 shows the distribution of parameters of the baseline 
echocardiograms. An increase in IVST (p = 0.01) and PWT (p < 
0.05) was noted with successive categories of higher systolic 
BP. Based on the increase in these components with higher BP 

TABLE 1 
Distribution of Baseline Characteristics by Category of Systolic Blood Pressure at Initiation of Peritoneal Dialysis

	 	 SBP <120,	 SBP 120–139,	 SBP 140–159,	 SBP ≥160,
		  Variable	 n=11	 n=24	 n=27	 n=15

Age (years) 	 53±16	 50±16	 52±15	 49±12
Male sex (%)	 3 (27.3)	 11 (45.8)	 18 (66.7)	 7 (46.7)
Race	  	  		
	 Black and others (%)	 2 (18.2)	 5 (20.8)	 6 (22.2)	 4 (26.7)
	 White (%)	 9 (81.8)	 19 (79.2)	 21 (77.8)	 11 (73.3)
Medication: 				  
	 Anti-hypertensive (%) 	 8 (72.7)	 22 (91.7)	 24 (88.9)	 15 (100)
	 ESA (%)	 8 (72.7)	 16 (66.7)	 18 (66.7)	 10 (66.7)
	 Iron (%)	 4 (36.4)	 8 (33.3)	 11 (40.7)	 5 (33.3)
	 Vitamin D analog (%)	 2 (18.2)	 5 (20.8)	 6 (22.2)	 5 (33.3)
	 Phosphate binders (%)	 7 (63.6)	 18 (75.0)	 19 (70.4)	 10 (66.7)
Hemoglobin (g/L) 	 107±14	 106±15	 106±19	 112±23
Albumin (g/L)	 35±7	 36±5	 38±6	 36±5
Potassium (mmol/L)	 4.3±0.7	 4.4±0.8	 4.3±0.4	 4.6±1.1
Calcium (mmol/L)	 2.2±0.1	 2.2±0.2	 2.2±0.2	 2.2±0.2
Phosphorous (mmol/L)a	 1.6±0.4	 1.7±0.6	 1.8±0.6	 2.2±0.7
nPCR (g/kg)	 0.9±0.2	 0.9±0.2	 0.8±0.2	 0.9±0.2
Total Kt/Vb	 2.8±0.8	 2.5±1.0	 2.3±0.7	 1.9±0.3
	 Delivered Kt/V 	 1.5±0.6	 1.7±0.6	 1.4±0.4	 1.7±0.4
	 Residual Kt/Vb	 1.5 (0.0–2.4)	 0.6 (0–1.3)	 0.7 (0.1–1.4)	 0.1 (0.0–0.3)c

Weight (kg) 	 78±18	 77±16	 89±26	 87±23
Height (m) 	 1.66±0.14	 1.70±0.10	 1.74±0.10	 1.69±0.09
Body surface area (m2)	 1.9±0.3	 1.9±0.2	 2.1±0.3	 2.0±0.3
PD modality				  
	 CAPD (%)	 6 (37.5)	 11 (45.8)	 15 (62.5)	 5 (38.5)
	 APD (%)	 10 (62.5)	 13 (54.2)	 9 (37.5)	 8 (61.5)

SBP = systolic blood pressure; ESA = erythropoiesis-stimulating agent; nPCR = normalized protein catabolic rate; PD = peritoneal dialysis; CAPD = 
continuous ambulatory peritoneal dialysis; APD = automated peritoneal dialysis. 
a	 P≤0.01 (trend)
b	 P≤0.005 (trend)
c 	P<0.05 (SBP≥160 compared with SBP<120)
Kt/V is reported from the first available set of measurements after initiation of PD.
Median (interquartile range) is reported for Residual Kt/V. All other values are mean±standard deviation, or count (percentage).
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non-survivors 2 years prior to death (p = 0.005), with a mean 
difference that reached statistical significance at 15 months 
prior to death as compared to survivors (Figure 1C). No dif-
ference was observed between survivors and non-survivors in 
hemoglobin, heart rate, or residual Kt/V over the study period. 
Figure 2 reveals the distribution of different LV configurations 
over time by survival status. The percentage of patients with 
LVH was similar in each group over the study duration (Fig 2A). 
However, cLVH declined from 40% over 30 months prior to death 
to 20% at the last observation in non-survivors (Figure 2B), 
while a reciprocal increase in eLVH from 0% over 30 months 
prior to death to 25% at the last observation was observed in 
this group (Figure 2C). Among survivors, no significant change 
in percentage of patients with cLVH or eLVH was seen over time 
(Figures 2B and 2C). Lastly, among the non-survivors only, there 
was a progressive rise in the proportion with an ejection fraction 
(EF) of less than 50%, from 0% over 24 months prior to death 
to 30% by the time of the last echocardiogram (trend-survival 
interaction p value = 0.044, Figure 2D).  

Cox survival models describing the relative risk of mortality 
at different categories of systolic BP are presented in Figure 3. 
Model 1 shows that the risk of mortality across different cat-
egories of baseline systolic and diastolic BP obtained from early 
visits after initiation of PD has not been significantly different 
from the reference categories using an unadjusted model. 
Model 2 illustrates that if the BP was used as a time-varying 
variable taking into account the risk attributed to change in 
BP over time, systolic BP < 120 mmHg was associated with a 
7.3-fold (95% confidence interval [CI] 1.5 – 35.7, p = 0.014) 

categories, LV mass was also seen to increase with successive 
categories of systolic BP, so that patients with systolic BP of 
160 mmHg or more had a significantly higher LV mass than 
those with systolic BP < 120 mmHg (p < 0.01). Similarly, there 
was a significant increase in the trend of mean LVMI with each 
increase in systolic BP category (p < 0.05). 

Figure 1 shows the trend of BP and other clinical and labora-
tory values over time by survival status. Systolic BP remained 
relatively unchanged in survivors over the 45 months of follow-
up, but it started to decline around 21 months prior to death 
in the group of patients who died during the study period 
(Figure 1A). The difference in mean SBP became statistically 
significant at about 9 months prior to death as compared to 
survivors (p < 0.05). The interaction of systolic BP trend by sur-
vival status appeared highly significant (p = 0.004). Similarly, 
the trend of diastolic BP remained relatively unchanged over 
time in survivors but it started to decline at about 21 months 
prior to death in non-survivors and was statistically significant 
at 9 months prior to death (p < 0.05, Figure 1B). The interac-
tion of diastolic BP trend by survival status is significant (p = 
0.019). Mean systolic BP (± SD) between 90 and 180 days prior 
to death was 126 (± 24) mmHg and 119 (± 19) mmHg in patients 
with cardiac and non-cardiac causes of death (p = 0.49), respec-
tively. Similarly, the mean diastolic BP at the same interval was 
71 (± 12) mmHg and 69 (± 11) mmHg, respectively (p = 0.67). 
The rationale for choosing one 90-day lag time prior to death 
for the above comparison is to eliminate the dramatic effects of 
acute events such as sepsis or volume overload on blood pres-
sure at the time of death. Serum albumin began to decline in 

TABLE 2
Distribution of the First Echocardiographic Parameters after Initiation of Peritoneal Dialysis by  

Categories of Systolic Blood Pressure

	 	 SBP <120,	 SBP 120–139,	 SBP 140–159,	 SBP ≥160,
		  Variable	 n=11	 n=24	 n=27	 n=15

Left atrium (mm)	 39±6	 41±9	 41±7	 43±11
Aortic root dimension (mm)a	 30± 2	 31±4	 33±4	 33±5
IVST (mm)b	 10±2	 12±2	 12±3	 13±3
PWT (mm)a	 10±2	 11±3	 12±3	 13±3
LVEDD (mm)	 48±3	 48±1	 47±7	 51±6
LVESD (mm)	 29±5	 35±15	 29±7	 34±4
LV mass (g)b	 215±68c	 262±112	 267±102	 334±133 
LVMI (g/m2)a	 111±29c	 135±53c	 128±42	 164±65 
EF <50% (%)	 0 (0)	 8(33.3)	 2 (7.4)	 2 (13.3)
LV configuration				  
	 Concentric LVH (%) 	 3 (27.3)	 8 (33.3)	 10 (37.0)	 8 (53.3)
	 Eccentric LVH (%)	 2 (18.2)	 6 (25.0)	 3 (11.1)	 5 (33.3)
	 Any LVH (%) 	 5 (45.5)	 14 (58.3)	 13 (48.1)	 13 (86.7)

SBP = systolic blood pressure; IVST = interventricular septal thickness; PWT = posterior wall thickness; LVEDD = left ventricular end diastolic 
dimension; LVESD = left ventricular end systolic dimension; LV = left ventricular; LVMI = left ventricular mass index; EF = ejection fraction;  
LVH = left ventricular hypertrophy.
a	 P<0.05 (trend)
b	 P≤0.01 (trend)
c	 P≤0.05 (comparison with SBP ≥160 mmHg)
All other values are mean±standard deviation, or count (percentage).
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and diastolic BP of < 70 mmHg was associated with a 7.8-fold 
(95% CI 1.7 – 35.7, p = 0.008) higher risk of all-cause mortality 
as compared to the reference categories in unadjusted models. 
Model 3 is model 2 additionally adjusted for serum albumin as a 
time-varying variable. The result is that the relative risks (RRs) 
observed in model 2 declined to 4.5 (95% CI 0.8 – 24.3, p = 
0.078) for systolic BP < 120 mmHg, and to 4.7 (95% CI 1.0 – 
22.3, p = 0.05) for diastolic BP < 70 mmHg. Further adjusting 
by low EF (<50%) resulted in  attenuation of the observed RRs 
to 3.4 (95% CI 0.7 – 17.7, p = 0.14) for systolic BP < 120 mmHg, 
and to 4.2 (95% CI 0.9 – 19.6, p = 0.066) for diastolic BP < 
70 mmHg (Model 4). Given differences in outcome observed in 
a few studies by modality of PD (24,25), we looked at the impact 
of modality of PD and PD prescription (including total volume 
and fill volume) as time-varying covariates throughout the 

duration of observation and have tested their independence 
on outcome. However, because modality and components of 
prescription of PD did not stand as independent predictors of 
mortality, we did not include them in the fully adjusted model 
(Model 4).

DISCUSSION

In this study we noticed a similar mean systolic and diastolic 
BP at baseline shortly after initiation of PD in both survivors 
and non-survivors. However, up to 24 months prior to death 
in the non-survivor group, systolic and diastolic BP started 
to decline when compared to those patients who survived 
to the study endpoint. Aligned with these observations, we 
found a lack of prognostic value for different categories of BP 

Figure 1 — Comparison of distributions and trends of time-dependent variables by survival status: A) *Systolic BP (p<0.05). Trend-survival 
interaction: p=0.004. B) *Diastolic BP (p<0.05). Trend-survival interaction p=0.019. C) *Serum albumin (p<0.05). Trend-survival interaction: 
p=0.005. D) Hemoglobin: p=0.113. E) Heart rate: p=0.291. E) KT/V of residual renal function: p<0.001. Estimations are based on generalized 
mixed linear models with time as random effect. Values are mean and 95% confidence interval. BP = blood pressure.
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shortly after initiation of PD. However, when we used BP as a 
time-dependent variable, systolic BP of less than 120 mmHg 
and diastolic BP of less than 70 mmHg appeared to be signifi-
cant predictors of all-cause mortality. We also found a linear 
increase in the proportion of patients with a low EF (< 50%) 
in non-survivors as compared to survivors. Prognostic values 
of low systolic and diastolic BP attenuated toward null after 
adjusting for EF and albumin. 

Most of the epidemiologic studies of BP in ESRD patients 
have mainly been done with patients on HD (6–11,13,26,27). 
Although these studies are highly powered owing to their large 
sample size, they are limited by lack of granularity, absence 
of echocardiographic studies (6–11,13,26,27), and/or having 
used a single BP value per patient for analysis despite their 
prospective designs (6,8,10). There are fewer similar studies 
in PD patients. In an analysis of 2,770 PD patients from the UK 
renal registry (UKRR) (28), greater systolic and diastolic BP 
were shown to be associated with decreased mortality in the 
first year after the start of PD, but such an association was 
not observed in a subgroup of patients who were listed for 
transplant in the first 6 months after initiation of PD. This was 
explained by better health status and cardiovascular function 
of patients listed for transplant as compared to others (28). In 
an analysis of 1,219 randomly selected PD patients from the 
Centers for Medicare and Medicaid Services (CMS) dataset, 

diastolic BP < 72 mmHg was associated with an over 3-fold 
higher risk of 1-year mortality (29). In another observation 
from the UK, analysis of 168 patients on home HD and CAPD 
revealed a U-shaped risk of all-cause mortality with the low-
est risk at mean arterial pressure of about 100 mmHg (30). In 
an analysis of 1,053 PD patients from USRDS, Goldfarb et al. 
showed a similarly higher mortality in association with systolic 
BP of 111 mmHg (31). Overall, our findings are in agreement 
with these studies that show a relatively higher mortality with 
lower BP. Several different proposed explanations include, 
but are not limited to, survival bias, competing risk factors, 
chronic inflammation-malnutrition complex, autonomic neu-
ropathy, detrimental effect of uremic milieu, and heart failure 
(5,6,12,28). A major limitation of these previous studies is 
lack of echocardiography and parameters of heart function.

There are several interesting findings in our study. First, we 
did not find a significant association between different cat-
egories of BP at baseline and mortality. However, when BP was 
used as a time-dependent covariate, low BP was significantly 
associated with higher mortality. This observation is similar 
with Li and Stidley’s reports (26,27), and suggests that while 
the assumption of proportionality by categories of baseline BP 
is violated due to a change in the relationship between base-
line BP with mortality over time, other ongoing mechanisms 
might have been responsible for the association of low BP with 

Figure 2 — Percentage with LVH, concentric LVH (cLVH), eccentric LVH (eLVH), and low EF (EF<50%) by survival status at intervals prior to death 
or the end of study: A) LVH: p=NS. B) cLVH Trend-survival interaction p=0.001. C) eLVH trend-survival interaction has not reached statistical 
significance (p=0.634). D) low EF (<50%) Trend-survival interaction p=0.044. Estimations are based on generalized mixed linear models with time 
as random effect. Values are percentage ±SE.  LVH = left ventricular hypertrophy; EF = ejection fraction; NS = not significant; SE =  standard error.
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mortality. To that end, we evaluated whether worsening cardiac 
function might have been a legitimate mechanism by which low 
BP is associated with increased mortality. Although a graded 
worsening of cardiac remodeling by progressive stages of non-
dialysis CKD is described in other reports (32–35), dynamic 
changes of heart configuration over time in dialysis-dependent 
patients is less studied. To our knowledge, this study is the first 
illustration of dynamic changes of LV configuration over time in 
ESRD patients. Accordingly, a decline in percentage with cLVH 
over time at the expense of an increase in the percentage with 
eLVH, was associated with a rise in percentage of patients with 
low EF (< 50%) in the non-surviving cohort. When we adjusted 
the association of low BP with mortality by low EF, significant 
relative risk of low BP was attenuated toward the null. Lack of 
a statistically significant difference in mean BP by cause of 
death in 1 lag time prior to death is also a reflection of similar 
cardiovascular status irrespective of cause of death. We also 
noticed a progressive decline in serum albumin even earlier 
than the decline in BP as an independent predictor of mortality. 
No other parameters including weight, hemoglobin, heart rate, 

modality or prescription of PD was associated with the primary 
outcome, and the association of lower residual kidney func-
tion with mortality was not independent from serum albumin 
level. Altogether these observations support the hypothesis 
that reverse epidemiology of BP in ESKD is partially mediated 
by heart failure and malnutrition-inflammation complex, and 
that BP in ESKD is a marker of cardiovascular function and 
stability, and as the heart function worsens BP also declines. 
These observations also suggest that sustained systolic BP 
< 120 mmHg as opposed to a transient drop of BP may predict 
mortality, as the former often represents underlying heart 
failure while the later may reflect transient fluctuations from 
a variety of reasons such as the effect of antihypertensive 
medications or volume status. 

This observation has important clinical implications. Low 
BP is a phenotype which does not have a universally identical 
meaning. While it may represent a relatively benign transient 
condition such as volume depletion or overmedication, a 
sustained low BP may represent more serious underlying car-
diovascular dysfunction, particularly in patients with a history 

Figure 3 — Cox survival models showing hazard ratio of death at different categories of BP compared to reference category of “140–159 mmHg” 
for SBP and “80–89 mmHg” for DBP, according to different models with increasing level of adjustment. Model 1: Unadjusted with BP at initia-
tion of peritoneal dialysis. Model 2: Unadjusted with BP as a time-varying variable. Model 3: Model 2 + adjusted for albumin as a time-varying 
variable. Model 4: Model 3 + adjusted for low EF as a time-varying variable. BP = blood pressure; SBP = systolic blood pressure; DBP = diastolic 
blood pressure; EF = ejection fraction.
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of longstanding hypertension. While the lowest category of BP 
may represent heart failure, the highest category is not neces-
sarily protective. The optimal target of BP remains unclear, as 
is the need for use of cardio-protective medications in patients 
with heart failure in ESKD. 

This study has several strengths. First, it has a high level 
of granularity with details on clinical course and outcome of 
the PD patients with ESKD, which allowed exploration of the 
dynamic changes of time-dependent covariates over time. To 
our knowledge, this is the first study to illustrate the dynamic 
changes of LV configuration in ESKD and its association with 
all-cause mortality. Blood pressure was obtained consistently 
from regular monthly clinic visits. Echocardiograms were per-
formed periodically with equal median number of studies in 
both survivors and non-survivors (n = 3, p = 0.97) eliminating 
the possibility of ascertainment bias. The potential for selec-
tion bias due to our exclusion criteria is very low, as patients 
who were transitioned to HD or other units were not differ-
ent compared to others, were too few, and had too short of 
a follow-up, so that neither was their exclusion a source of 
bias nor their inclusion a meaningful observation. The study 
also has important limitations. First, this is a single-center 
observation with a relatively low sample size and therefore the 
generalizability of the findings is limited. For this reason, we 
are unable to comment on the prognostic value of a systolic 
BP above 160 mmHg as this category is underpowered. We did 
not have ambulatory home BP measures from our patients. The 
generalized linear mixed model is a conservative approach 
assessing the longitudinal changes of LV configurations, 
as its basic assumption is constancy between observations. 
Therefore, the trend of change in deceased patients is likely 
underestimated. Although we have measures of change in LV 
geometry the structural changes do not necessarily represent 
the full spectrum of cardiac function and its decline over time, 
and therefore other cardiac function tests may shed more light 
on the association between BP and mortality in ESKD. Body 
weight and its longitudinal change were assessed, which did 
not seem to significantly modify the observed relationships. 
However, change in body weight did not represent the pos-
sible change in body composition that might have happened 
between the study groups. 

CONCLUSION

We conclude that higher mortality associated with lower BP 
may be mediated in part by worsening heart function in ESKD 
patients receiving PD. 
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