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Abstract
Objective—To evaluate and characterize the degree of blood pressure (BP) control in children on
chronic dialysis and to identify significant predictors of hypertension and BP control in these
patients.

Study design—Linear and logistic regression models were used to examine trends in BP and BP
control in a cross-sectional sample of patients on chronic dialysis aged 1–21 years enrolled in the
North American Pediatric Renal Trials and Collaborative Studies registry from 1992–2008.

Results—At 6 months after dialysis initiation, 67.9% of patients had uncontrolled or untreated
hypertension, and 57.8% were prescribed antihypertensive medications. More recent year of
dialysis initiation was associated with a higher use of antihypertensive medication and lower
systolic BP and diastolic BP z scores (P < .001) measured over time from 6 months to 3 years post
dialysis initiation. Other factors associated with higher BP included black race, glomerular
disease, younger age, hemodialysis (systolic BP only), and antihypertensive use. There were
significant differences in BP control by dialysis modality and disease etiology, with patients on
hemodialysis or those with glomerular diseases having the highest percentage of uncontrolled
hypertension.

Conclusions—Despite widespread antihypertensive use, many pediatric patients on dialysis are
at risk for untreated or uncontrolled hypertension. Additional efforts are needed to improve
management of hypertension in these children.

Despite decades of improvements in care for children with end-stage renal disease (ESRD),
recent epidemiological studies have demonstrated a greatly increased risk of cardiovascular
mortality as the patients survive into adulthood.1–3 The risk is sufficiently high as to place
children with chronic kidney disease (CKD) in the highest American Heart Association
cardiovascular risk category, on par with type 1 diabetes and familial hypercholesterolemia.4

Although the specific pathophysiology of cardiovascular disease in patients with CKD is not
fully understood, multiple risk factors have been identified. Among these are factors unique
to the physiologic milieu of ESRD, such as hyperphosphatemia and chronic inflammation,
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as well as more traditional risk factors, such as hypertension and left ventricular
hypertrophy.

Hypertension is common among adults on dialysis, with a reported prevalence as high as
86%.5 Recent studies have demonstrated that hypertension is similarly common in children,
with the majority of patients receiving pediatric hemodialysis (HD) meeting criteria for
hypertension (51%–74%), even after 12 months of dialysis.6–8 The pediatric peritoneal
dialysis (PD) population is less well-studied, with conflicting reports regarding rates of
hypertension in patients on PD relative to patients receiving HD.8,9 Factors contributing to
blood pressure (BP) control in the pediatric chronic dialysis population are not well
understood, although past studies have reported race, etiology of renal disease, and age to be
influential.6–9

The goals of this study were to evaluate and characterize the degree of BP control in
children on chronic dialysis and to identify significant predictors of hypertension and BP
control in these patients. We also conducted a subanalysis comparing antihypertensive
medication use and BP control in periods before and after issuance of revised guidelines for
treatment of childhood hypertension in 2004.10,11

Methods
We conducted a cross-sectional study using data from the North American Pediatric Renal
Trials and Collaborative Studies (NAPRTCS) registry, a voluntary collaborative effort
comprising 150 pediatric renal disease treatment centers in the United States, Canada,
Mexico, and Costa Rica. As of January 1, 2009, there were 6791 patients receiving dialysis
from 134 centers in the registry. All pediatric patients with CKD or ESRD are eligible, and
written informed consent is obtained locally. Approval for participation is obtained from the
institutional review board at each center.

Data in the NAPRTCS registry are collected at 30 days after dialysis initiation and at 6-
month intervals thereafter. BP measurements are available from 1992–2008. This analysis
includes all patients in the NAPRTCS registry from 1992–2008 who were older than 1 year
at the start of chronic dialysis and who remained on dialysis at least 6 months. If a patient
had been on dialysis, received a transplant, and then returned to dialysis over the course of
the registry, data were only included from the first sequence of dialysis where the patient
met study criteria.

The outcomes of interest were systolic BP (SBP) and diastolic BP (DBP) reported at 6
months after dialysis initiation. The 6-month time point was chosen to allow for adjustments
in fluid status and medications after initiation of dialysis. A single BP value was recorded
for each subject at each study time point. No information is available regarding the timing of
BP measurement with respect to dialysis treatment or the method by which it was obtained.
Because BP in children is dependent on age, body size (height), and sex, measurements were
standardized to a z score using normative values to allow for comparisons.5 Based upon
consensus recommendations,10,11 SBP and DBP were also categorized as “controlled” (BP
≤90th percentile for age, sex, and height) or “uncontrolled” (BP >90th percentile). This
categorization was made regardless of antihypertensive medication use.

Exposure variables included age in years (grouped as 1, 2–5, 6–12, and ≥13), sex, race
(black, nonblack), dialysis modality (PD/HD), grouped calendar year of dialysis initiation
(1992–1995, 1996–1999, 2000–2003, 2004–2008), primary disease category (glomerular,
structural, other), and antihypertensive use (yes/no). Etiology of ESRD is reported to
NAPRTCS as 1 of 30 categories, which includes both “unknown” and “other.” For this
analysis, these diagnoses were grouped into the three larger categories just listed. No
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information is provided in the registry regarding the number, type, or dose of
antihypertensive medications—merely whether any have been prescribed for the patient or
not. Participants were also categorized at 6 months post-dialysis initiation as normotensive
(both SBP and DBP z score <90th percentile and not receiving antihypertensive
medications), controlled hypertensive (both SBP and DBP z score <90th percentile and
receiving antihypertensive medications), untreated hypertensive (either SBP or DBP z score
>90th percentile and not receiving antihypertensive medications), or uncontrolled
hypertensive (either SBP or DBP z score >90th percentile and receiving antihypertensive
medications).

To examine and test predictors of BP and BP control, 2 regression-based methods were
used. The first was a multivariate repeated-measures linear regression analysis to identify
factors associated with SBP and DBP z scores. These measurements were collected from 6
months to 3 years post-dialysis initiation. An unstructured covariance matrix was used to
model the repeated measures within subjects. The intraclass correlation was calculated using
a compound symmetry covariance structure to evaluate the variation between patient BP
measurements over time. Second, a logistic regression model was used to generate ORs for
the same predictors of “controlled” and “uncontrolled” SBP and DBP at 6 months post-
dialysis initiation. Last, a subanalysis was done evaluating whether there were any
significant differences in either SBP or DBP or use of antihypertensives in the time periods
immediately before (2002–2003) and after (2005–2008) the year 2004, when practice
guidelines were revised in the Fourth Report and by The National Kidney Foundation
Disease Outcomes Quality Initiative. A Kruskall-Wallis test was used for this portion of the
analysis. All analyses were conducted using SAS System for Windows, v 8.2 or higher (SAS
Institute, Cary, North Carolina).

Results
A total of 3447 patients were eligible for the main analysis, of whom 2264 (65.7%) were on
PD and 1183 (34.3%) were on HD. This distribution is reflective of the overall dialysis
population in the NAPRTCS database.12 Patient characteristics are displayed in Table I. The
median follow-up time was 12 months and the mean ± SD was 16.7 ± 10.4 months.

Trends in mean 6-month SBP z score, 6-month DBP z score, and proportion of patients
prescribed antihypertensive medications at 6 months, by year of dialysis initiation were
shown in Figure 1. Despite substantial variation, an increasing trend of antihypertensive use
(52% in 1992 vs 67% in 2008) and decreased mean ± SE SBP z score (1.7 ± 0.1 in 1992 vs
1.4 ± 0.3 in 2008) and DBP z score (1.3 ± 0.1 in 1992 vs 1.0 ± 0.2 in 2008) were observed
over the study period. These unadjusted trends were all statistically significant (P < .001 for
all, unadjusted linear (BP z scores) and logistic (antihypertensive use) regression). Mean 6-
month SBP and DBP z scores in the eras before and after 2004 were also compared. Despite
a decrease in mean z scores for both SBP (1.37 vs 1.49, P = .43) and DBP (0.94 vs 1.04, P
= .21) in the years after 2004 compared with those before, these differences were not
significant.

Results from the repeated measures linear regression model are shown in Table II. This
analysis looks at all BPs from 6 months to 3 years post dialysis initiation and predicts the
change in SBP or DBP z score for each factor, while adjusting for the others. Younger age
predicted larger increases in SBP and DBP relative to those in the oldest age group (13+
years). Other significant predictors of higher SBP and DBP included black race, glomerular
etiology of renal disease, and use of antihypertensive medications at the corresponding
follow-up visit. Earlier years of dialysis initiation were predictive of a higher SBP and DBP
compared with the reference of 2004–2008. Female sex was predictive of a higher DBP but
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there was no significant association between sex and SBP. With regard to dialysis modality,
PD was predictive of a lower SBP but a higher DBP. BP also decreased during the follow-up
period. In terms of magnitude of effect, age, year of dialysis initiation, and antihypertensive
use predicted the largest changes in BP z scores. The intraclass correlation coefficient is
0.26 for SBP and 0.29 for DBP z scores.

Rates of BP control and antihypertensive use at 6 months post dialysis initiation based on
primary disease category and dialysis modality were compared (Figure 2; available at
www.jpeds.com). Among patients with glomerular diseases, a smaller percentage are
normotensive compared with those with structural diseases (12% vs 31%) and a larger
percentage have uncontrolled hypertension (52% vs 29%, P < .001). A greater proportion of
patients on HD had uncontrolled hypertension compared with those on PD (51% vs 41%, P
< .001).

Multivariate logistic regression was used as a complementary analysis to evaluate predictors
of uncontrolled SBP and DBP (defined as BP >90th percentile, independent of
antihypertensive use) at 6 months post-dialysis initiation (Table III). In comparison with
patients aged 13 years and older, younger age (<6 years of age) was associated with a higher
odds of uncontrolled DBP (OR, 1.47; 95% CI, 1.15–1.88). By contrast, the odds of
uncontrolled SBP were lower in the lower age groups, but the findings were only significant
for 6- to 12-year-olds. Black race was associated with increased odds of both uncontrolled
SBP and DBP (SBP: OR, 1.32; 95% CI, 1.11–1.57; DBP: OR, 1.33; 95% CI, 1.12–1.58).
Female sex was associated with increased odds of uncontrolled DBP (OR, 1.19; 95% CI,
1.02–1.38), but there was no significant relationship between sex and uncontrolled SBP. The
findings for dialysis modality were similar to those above, with PD associated with a
decreased odds of uncontrolled SBP (OR, 0.86; 95% CI, 0.72–1.01) and an increased odds
of uncontrolled DBP (OR, 1.06; 95% CI, 0.91–1.25), but neither of these findings were
significant. Both antihypertensive medication use at 6 months (SBP: OR, 1.94; 95% CI,
1.65–2.27; DBP: OR, 1.95; 95% CI, 1.66–2.29) and glomerular etiology of disease (SBP:
OR, 1.26; 95% CI, 1.05–1.52; DBP: OR, 1.51; 95% CI, 1.26–1.82) were associated with
increased odds of uncontrolled SBP and DBP. Again, there was a trend toward increased
odds of uncontrolled BP in patients who initiated dialysis earlier in the study period. An
interaction model exploring the relationship between dialysis modality and BP based on
disease category or age found no significant differences (data not shown).

Results from the model looking at predictors of antihypertensive medication use at 6 months
after dialysis initiation are shown in Table III. Predictors associated with increased use of
antihypertensive medication included older age at dialysis initiation, male sex, glomerular or
other etiology of renal disease, and HD. Baseline variables of antihypertension medication
use at 30 days, SBP z score at 6 months, and DBP z score at 6 months were related to
antihypertensive medication use at 6 months. Compared with the era 2004–2008, there is a
trend toward lower odds of antihypertensive use in earlier eras of dialysis initiation.

Discussion
This study confirms that hypertension remains a significant problem among children on
dialysis, with fewer than one-half of the patients studied meeting current criteria for
controlled SBP (<90th percentile) after being on dialysis for 6 months, despite the use of
antihypertensive medications in more than one-half of the patients.10,11 Among the patients
with an SBP >90th percentile, 34% were not prescribed antihypertensive medications. This
figure is similar to that reported in a study on children with CKD (39%).13 Prior studies of
pediatric patients on dialysis have demonstrated that hypertension is common, but this study
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also examined trends in BP control over time, particularly as they relate to the use of
antihypertensive medication.6–8

The majority of pediatric patients receiving dialysis were prescribed at least one
antihypertensive medication at the time of dialysis initiation, and this pattern changed little
after 6 months of dialysis. In a prior NAPRTCS study by Mitsnefes et al, the largest changes
in BP were seen in the first 6 months after dialysis initiation.7 The correlation of
antihypertensive medication use with higher BP and poor BP control cannot answer the
question as to whether these medications were or are underutilized in pediatric patients on
dialysis or perhaps serve as a marker for a subset of patients in whom BP is more difficult to
manage.

Although there are no pediatric studies linking uncontrolled hypertension with mortality,
there is mounting evidence that hypertension is associated with multiple intermediate
indicators of cardiovascular morbidity. The presence of left ventricular hypertrophy among
children with hypertension has been well documented in patients on dialysis, as well as
those with CKD, and renal transplants in otherwise healthy children.14–16 Other intermediate
markers of cardiovascular morbidity that have been documented in children and young
adults with ESRD include increased carotid artery intimal-medial thickness and the presence
of coronary artery calcifications.17,18 Although the exact mechanisms and pathophysiology
for these findings are not known, hypertension remains a modifiable risk factor that, if
treated appropriately, could have significant benefit for the long-term health of children with
ESRD.

It is encouraging to see a trend of improvement of BP control in this population over the past
2 decades. Compared with more recent years, earlier year of dialysis initiation was
associated with both higher reported BPs and greater odds of uncontrolled BP. There are
likely many variables responsible for this change, and the cross-sectional design of the study
limits our ability to infer causation between changes in antihypertensive medication use and
BP control. Despite this limitation, the association is intriguing and bears further
investigation. Many changes in clinical practice have occurred over the study period,
including the revision of BP management guidelines, more extensive study on the safety and
effectiveness of antihypertensive medications in children, and the advent of the use of blood
volume monitoring (BVM).10,11,19 As several pediatric studies have demonstrated an ability
to decrease ambulatory BP measures and number of antihypertensive medications prescribed
for patients on HD with a BVM protocol, future analyses of BP control in pediatric patients
receiving dialysis should examine the role of BVM and other aspects of assessing and
addressing volume overload.20,21

Important predictors of BP and BP control in this analysis included age and disease etiology
and these relationships were present even when controlling for other confounding factors.
Patients with glomerular diseases are typically hypertensive prior to reaching end-stage and
often oligo/anuric, making hypertension a common comorbidity on dialysis as well. Our
analysis suggests that, despite many patients having been prescribed antihypertensive
medications, this is a group for whom BP is poorly controlled. Younger age was also an
independent risk factor for uncontrolled hypertension and higher BP. The reason for this is
not clear but may be related to undertreatment with antihypertensives, as younger age was
also associated with a lower odds of antihypertensive use.

There are few published data offering consensus as to whether PD or HD is a superior
modality in achieving BP control in children.7,9 In this study, PD was associated with a
lower SBP and lower odds of uncontrolled SBP. The percentage of patients on PD with a
controlled SBP was also significantly higher than for patients on HD. Both analyses adjusted
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for age and etiology of renal disease to address confounding by those two very influential
variables on BP, but there may be other, nonmeasured, variables as well that make these two
populations different. Factors that make a patient and family suitable candidates for home
dialysis may favor closer adherence to taking antihypertensive medications, for example.

The cross-sectional design of this study limits our ability to determine causality. Other
important limitations include the lack of information on the method of BP determination,
infrequency of BP measurements (every 6 months), and the lack of other potentially
important variables, including the timing of BP measurement with respect to dialysis
treatment session, patient dry weight, and details on the number and type of antihypertensive
medications. Other cardiovascular indicators, such as echocardiographic data, pulse wave
velocity, and coronary artery calcification assessment are not standardized aspects of clinical
care and thus not collected in the NAPRTCS registry.
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Glossary

BP Blood pressure

BVM Blood volume monitoring

CKD Chronic kidney disease

DBP Diastolic blood pressure

ESRD End-stage renal disease

HD Hemodialysis

NAPRTCS North American Pediatric Renal Trials and Collaborative Studies

PD Peritoneal dialysis

SBP Systolic blood pressure
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Figure 1.
Trends in BP z scores and antihypertensive use 30 days after dialysis initiation by year of
dialysis initiation, 1992–2008.
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Figure 2.
Proportion of patients with controlled BP and on AHs by A, primary disease and B, dialysis
modality.
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Table II

Predictors of SBP and DBP z scores during follow-up (6 months-3 years post dialysis initiation)

SBP z score
n = 3183

DBP z score
n = 3174

β/Estimate
(SE)

P
value

β/Estimate
(SE)

P
value

Intercept .412 (.082) <.0001 −.040 (.069)   .5596

Age (y)

    1 .406 (.107)   .0002 .475 (.091) <.0001

    2–5 .408 (.072) <.0001 .377 (.061) <.0001

    6–12 .175 (.048)   .0003 .217 (.041) <.0001

    13+ ref ref

Female .065 (.043)   .14 .147 (.037) <.0001

Black .164 (.049)   .0008 .109 (.041)   .008

PD −.148 (.046)   .001 .093 (.039)   .02

Year of dialysis initiation

    1992–1995 .289 (.063) <.0001 .217 (.053) <.0001

    1996–1999 .333 (.064) <.0001 .234 (.054) <.0001

    2000–2003 .163 (.068)   .0161 .113 (.057)   .0492

    2004–2008 ref ref

+AH

    at follow up .625 (.044) <.0001 .433 (.037) <.0001

    at day 30 −.001 (.053)   .99 −.038 (.044)   .39

Day 30 BP z-score .208 (.014) <.0001 .230 (.014) <.0001

Follow-up BP (6-months increments) −.025 (.012)   .0407 −.033 (.01)   .001

Primary disease

    Glomerular .162 (.053)   .002 .184 (.045) <.0001

    Structural ref ref

Other/unknown .114 (.061)   .06 .099 (.052)   .06
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Table III

Multivariate logistic regression analysis of characteristics associated with uncontrolled BP at 6 months after
dialysis initiation

SBP >90th
percentile

DBP >90th
percentile

+AH medication
use at 6 months

OR (95% CI) OR (95% CI) OR (95% CI)

SBP at 30 days 1.33 (1.26–1.40) 1.37 (1.29–1.45)

SBP at 6 months 1.28 (1.18–1.40)

Age at initiation (y)

    1 0.87 (0.60–1.24) 2.28 (1.57–3.30) 0.56 (0.35–0.90)

    2–5 0.92 (0.71–1.18) 1.47 (1.15–1.88) 0.53 (0.39–0.73)

    6–12 0.78 (0.65–0.92) 1.03 (0.87–1.22) 1.00 (0.81–1.23)

    ≥13 1.00 (ref) 1.00 (ref) 1.00 (ref)

Black race 1.32 (1.11–1.57) 1.33 (1.12–1.58) 1.04 (0.84–1.29)

Female 0.95 (0.82–1.11) 1.19 (1.02–1.38) 0.78 (0.65–0.95)

Primary disease

    Glomerular 1.26 (1.05–1.52) 1.51 (1.26–1.82) 1.62 (1.28–2.04)

    Structural 1.00 (ref) 1.00 (ref) 1.00 (ref)

    Other 1.30 (1.05–1.62) 1.39 (1.12–1.73) 1.57 (1.20–2.06)

PD 0.86 (0.72–1.01) 1.06 (0.91–1.25) 0.75 (0.61–0.92)

+AH medication at 6 months 1.94 (1.65–2.27) 1.95 (1.66–2.29)

+AH medication at 30 days 19.78 (16.10–24.30)

Year of dialysis initiation

    1992–1995 1.31 (1.06–1.64) 1.51 (1.22–1.88) 0.70 (0.53–0.92)

    1996–1999 1.47 (1.18–1.84) 1.55 (1.25–1.93) 0.79 (0.60–1.05)

    2000–2003 1.12 (0.89–1.42) 1.06 (0.84–1.34) 0.87 (0.65–1.17)

    2004–2008 1.00 (ref) 1.00 (ref) 1.00 (ref)
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