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Abstract

Background—Hypertension and chronic kidney disease (CKD) are common comorbidities. 

Guidelines recommend treating hypertension in children with CKD because it is a modifiable risk 

factor for subsequent cardiovascular disease. Children with CKD are frequently excluded from 

antihypertensive drug trials. Consequently, safety and efficacy data for antihypertensive drugs are 

lacking in children with CKD.

Methods—We determined the incidence of adverse events in 10 pediatric antihypertensive trials 

to determine the effect of renal function on antihypertensive safety and efficacy in children. These 

trials were submitted to the U.S. Food and Drug Administration from 1998–2005. We determined 

the number and type of adverse events reported during the trials and compared these numbers 

between participants with normal renal function and those with decreased function (defined as an 
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estimated glomerular filtration rate [eGFR] <90 mL/min/1.73m2 calculated using the original 

Schwartz equation).

Results—Among the 1703 children in the 10 studies, 315 had decreased renal function. We 

observed no difference between the two cohorts in the incidence of adverse events or adverse drug 

reactions related to study drug. Only 5 participants, all with decreased renal function, experienced 

a serious adverse event; none were recorded by investigators to be study drug-related. Among 

treated participants, children with decreased renal function who received a high dose of study drug 

had a significantly larger drop in diastolic blood pressure compared to children with normal renal 

function.

Conclusions—These data show that antihypertensive treatment in children with renal 

dysfunction can be safe and efficacious, and consideration should be given for their inclusion in 

select drug-development programs.
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INTRODUCTION

Hypertension and chronic kidney disease (CKD) are common comorbidities. While each 

disease individually is relatively uncommon in children, approximately 50% of children with 

CKD also suffer from hypertension [1,2]. The relationship between hypertension and CKD 

is cyclic. Hypertension can lead to more rapid progression of renal disease [1–3]; and CKD 

can also cause hypertension, primarily though fluid overload and increased systemic 

vascular resistance. Because of the early onset of CKD-related hypertension, children have a 

high lifetime risk for developing cardiovascular complications.

Current guidelines recommend treating hypertension in children with CKD because it is a 

modifiable risk factor for subsequent cardiovascular disease [4–6]. There is evidence that 

treatment can slow the progression of disease and, in some cases, reverse the cardiovascular 

changes [3,7,8]. Beneficial effects include decreased proteinuria and left ventricular 

hypertrophy [9–11]. Angiotensin-converting enzyme (ACE) inhibitors and angiotensin 

receptor blockers (ARBs) are first-line agents for adults with CKD, and there is a growing 

body of literature that supports their use in children with CKD [3,10,12–19]. Because of 

differences in pediatric physiology and drug metabolism and elimination, dedicated pediatric 

studies are essential to ensure safe and efficacious use in children [20].

Between 1998 and 2005, 10 oral antihypertensive drugs were studied under recent pediatric 

legislative initiatives [21,22]. Pediatric labeling changes were made for 7 of the10 drugs 

studied [23]. Efficacy was established for six drugs in children ≥6 years of age and one drug 

in children <6 years of age. Three drugs did not get a pediatric labeling change pursuant to 

the pediatric studies. While these 10 studies are excellent examples of the recent 

advancements in drug studies in children, as with most pediatric studies, these trials 

excluded children with severely decreased glomerular filtration rates (generally defined as 

<30 mL/min/1.73m2). Lack of data from patients with this degree of renal dysfunction is of 
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great significance because of the frequency of kidney disease in children with hypertension 

and because altered renal function is known to affect the safety and efficacy of drugs by its 

impact on pharmacokinetics (PK) and dosing. Kidney disease can decrease clearance for 

renally eliminated drugs and increase the risk for drug-related adverse events (AEs). This 

has been demonstrated in adult studies where certain AEs were higher in patients with renal 

disease [24]. Given the close relationship between hypertension and kidney disease in the 

pediatric age group, we sought to determine the effect of renal function on antihypertensive 

safety and efficacy in children using data from these 10 antihypertensive trials.

METHODS

Study Cohort

Between January 1998 and December 2005, pediatric data for 10 antihypertensive drugs 

were submitted to the U.S. Food and Drug Administration (FDA) pursuant to the Best 

Pharmaceuticals for Children Act for pediatric labeling (Table 1). Each submission included 

a multi-center, placebo-controlled safety and efficacy trial. The placebo-controlled phase of 

these 10 trials ranged from 2 to 4 weeks. Two of the trials were type A design (felodipine 

and quinapril), and the other eight trials were type C (Figure 1). All trials excluded children 

with severe hypertension and severe renal dysfunction, with the latter generally defined as an 

estimated glomerular filtration rate (eGFR) <30 mL/min/1.73m2.

Data Management

We accessed the FDA’s Document Archiving, Reporting, and Regulatory Tracking System 

(DARRTS) and the FDA Electronic Document Room (EDR) to obtain study datasets. Safety 

and efficacy datasets were combined at the patient level to generate one record per AE. If 

there was no AE for a given child, that child was assigned one record.

From each trial we extracted the following variables: study drug, patient identification 

number, age, sex, race, height, weight, body mass index, baseline blood pressure, blood 

pressure after treatment, serum creatinine, AE preferred terms, body system Medical 

Dictionary for Regulatory Activities (MedDRA) terms, investigator opinion of the causal 

relationship between the study drug and AE, severity of AE, phase of study in which AE 

occurred, and therapy received during the placebo-controlled phase of the study (placebo or 

active drug).

All children were categorically grouped into normal renal function (eGFR ≥90 mL/min/

1.73m2) or decreased renal function (eGFR <90 mL/min/1.73m2) [25]. eGFR was calculated 

for each child using the original Schwartz equation [26,27],

where k is a constant based on age and sex, Ht is height, and Crserum is serum creatinine. 

The highest Crserum measured during the placebo-controlled phase of the study was used to 

calculate eGFR for each child.
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AEs were recorded and classified as serious or not by the trial investigator. Although safety 

data were recorded in other phases of some trials (e.g., dose-response) to be consistent 

across trials, we limited our analysis to the placebo-controlled phase of the trial.

Analysis

All analyses were stratified by renal function (normal vs. decreased). In order to compare 

efficacy between the two cohorts, we compared changes in systolic and diastolic blood 

pressures for all drugs at each dose level (high, medium, low, and placebo). Normal baseline 

blood pressure is age-dependent. To account for this, we also compared relative decrease in 

blood pressure calculated as follows,

where BPe refers to blood pressure measured at the end of therapy or placebo and BPi refers 

to blood pressure prior to therapy or placebo.

In order to assess safety, we examined the percentage of participants with AEs (AE 

prevalence), the mean number of AEs per patient (incidence of AEs), and identified 

participants with serious AEs. We also examined the prevalence of adverse drug reactions 

(ADRs), defined as AEs determined by the trial investigator to be possibly, probably, or 

definitely related to the study drug for each antihypertensive dose level (high, medium, low, 

and placebo).

We reported 2-sided P values calculated by t test for continuous variables or Fisher’s exact 

test for count outcomes. STATA v14.2 (College Station, TX) was used to perform the 

statistical analysis. Significance for all tests was established at P<0.05.

RESULTS

Demographics

The 10 studies included 1703 children between 1 and 17 years of age. Of the 1703 

participants, 1388 (81.5%) had an eGFR ≥90 mL/min/1.73m2 and 315 (18.5%) had an eGFR 

<90 (Table 2). Children with decreased renal function were younger (11.1 vs. 12.4 years), 

shorter (141.4 vs. 158.7 cm), weighed less (47.2 vs. 72.1 kg), had a lower mean body mass 

index (22.3 vs. 27.8 kg/m2) and were more likely to be non-white (51.7% vs. 43.0%) (all 

P<0.01). Furthermore, when anthropometric measurements were normalized using z-scores, 

the children with decreased renal function had lower z-scores for weight (0.29 vs. 1.67), 

height (−0.77 vs. 0.55), and body mass index (0.82 vs. 1.54) (all P<0.001).

Blood Pressure Response

Among children who received high-dose study drug, children with decreased renal function 

had a significantly larger drop in diastolic blood pressure compared to children with normal 

renal function (Table 3). Children with decreased renal function had a statistically significant 
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but not clinically relevant decrease in relative systolic blood pressure in the high-dose 

cohort.

Adverse Events

There was no significant difference in the incidence of AEs between children with decreased 

renal function compared to those with normal renal function (P=0.25, Table 4). Of the 

children with an eGFR ≥90 mL/min/1.73m2, 532 (38.3%) experienced at least one AE. Of 

the children with an eGFR <90 mL/min/1.73m2, 132 (41.9%) experienced an AE. Further, 

there was no significant difference in the number of children with an ADR whether they had 

normal or decreased renal function (P=0.84). When stratified by treatment vs. placebo, there 

remained no difference in the incidence of AEs or ADRs (Table 4).

We further evaluated AEs in children on antihypertensive medications by MedDRA System 

Organ Class categories. Among the 532 children with an AE and eGFR ≥90 mL/min/

1.73m2, 859 AEs were recorded; and among the 132 children with an AE and eGFR <90 

mL/min/1.73m2, 232 AEs were recorded. Children with an eGFR ≥90 mL/min/1.73m2 had 

significantly more nervous system AEs (P<0.01) than children with an eGFR <90. 

Otherwise, there were no significant differences in the incidence of AEs among the 

MedDRA categories.

When the analysis was limited to children on therapy and 10 categories of AEs that are 

commonly observed with antihypertensive drugs, there were significantly more headaches in 

children with an eGFR <90 mL/min/1.73m2 compared to those with an eGFR ≥90 (P=0.03, 

Table 5). Otherwise, there were no significant differences between groups, including no 

reports of hypotension in the lower eGFR group, despite the significantly greater decreases 

in diastolic blood pressure.

DISCUSSION

The aim of this study was to assess the safety and efficacy of 10 antihypertensive drugs 

submitted to the FDA for pediatric labeling in children with renal dysfunction compared to 

those with normal renal function. There were significant demographic differences between 

the children with an eGFR ≥90 mL/min/1.73m2 and those with an eGFR <90. Children in 

the lower eGFR group were noted to be younger, smaller, and less likely to be white. The 

age discrepancy is likely attributable to the different etiologies of hypertension in different 

age groups. Hypertension in younger children is more likely to be a result of CKD, whereas 

adolescents usually have primary hypertension that is less commonly associated with 

secondary renal disease [28]. In a recent North American Pediatric Renal Trials and 

Collaborative Studies report, the majority of CKD in young children was due to congenital 

causes, while glomerulonephritis was the leading cause of kidney disease in children older 

than 12 years of age [29].

Decreased height, weight, and body mass index in the lower eGFR group are also not 

surprising because the correlation between kidney disease and growth disturbance is well 

established [30,31]. The racial discrepancy is one that has been well documented in adult 

CKD and end-stage renal disease (ESRD) patients and is now being shown in pediatrics as 
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well, particularly in adolescents with ESRD, where there is a large African American 

predominance [32]. In addition, whites have been shown to have a lower rate of progression 

from CKD to ESRD [33,34].

We did observe differences in efficacy at high doses, with a greater decrease in diastolic 

blood pressure in children with decreased renal function. Although there was a statistically 

significant decrease in diastolic blood pressure among the two cohorts in the placebo arm, 

the difference was not clinically important. This decrease in diastolic blood pressure in 

children with decreased renal function is likely due to 1) a larger effect due to higher 

baseline blood pressure or 2) a decreased clearance of the drug due to altered renal function, 

resulting in prolonged exposure. The former has been demonstrated in multiple studies of 

ACE inhibitors and ARBs in children with CKD [1,13,17,35]. Differences in decreased 

systolic blood pressure, on the other hand, were not observed between children with normal 

renal function and those with decreased renal function. The only excpetion was a statistically 

significant but not clinically important difference in the relative change in systolic blood 

pressure on high-dose study drug. As noted by Benjamin et al in their analysis of the 

endpoints and dose range of pediatric antihypertensive trials, the successful trials were those 

using diastolic blood pressure as their endpoint [36]. Those that used systolic blood pressure 

reduction as an endpoint failed. They hypothesize that because diastolic blood pressure has 

less physiologic variability in children than systolic blood pressure, significant reductions 

may be more readily apparent.

Surprisingly, we observed no significant difference in the incidence of AEs in children with 

decreased renal function compared to those with normal renal function. Similarly, when 

looking at ADRs at least possibly related to the study drug, there was no difference in the 

incidence of ADRs in children with decreased renal function versus those with normal renal 

function. These data show that antihypertensives can be safe and efficacious in treating 

children with renal dysfunction, and consideration should be given for their inclusion in 

select drug-development programs. This study is limited because children with severely 

decreased renal function were excluded, there were relatively few patients with decreased 

eGFR, and there were few young children included. Also, because we were unable to 

determine what method was used to measure serum creatinine (Jeffe vs. enzymatic), we used 

the original Schwartz equation to calculate eGFR. This may have resulted in overestimation 

of eGFR [37]. Nevertheless, our study combining patient-level data across 10 trials shows 

that dedicated studies in this population should be conducted based on the results from 

studies in children with decreased renal function.

Dedicated pediatric drug trials are increasingly common as a result of legislative incentives 

and requirements enacted under the FDA Modernization Act of 1997 [21] and made 

permanent in 2012 with the FDA Safety and Innovation Act [38]. These pediatric legislative 

initiatives led to almost 500 pediatric label changes between 1998 and 2012 [23]. However, 

approximately 50% of drug-product labeling still has insufficient data on the safety, efficacy, 

or dosing appropriate for use in children [39]. The lack of safety and efficacy data is 

especially pronounced in pediatric special populations, including children with renal 

dysfunction. Renal dysfunction can alter drug safety and efficacy in several ways, including: 

1) decreased renal excretion and metabolism, resulting in higher exposure and potential 
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toxicity; 2) altered plasma protein binding; and 3) changes in absorption and transport. In 

addition, renal disease may also affect hepatic metabolism, although the mechanism for this 

remains unclear [40]. FDA guidance recommends PK studies in patients with renal 

impairment when the drug is likely to be used in that population or when renal impairment 

might mechanistically alter the PK [41].

Antihypertensive drugs are a prime example of the utility of these guidelines because 

hypertension and renal dysfunction are frequent comorbidities, and many of these drugs are 

excreted by the kidneys. Of the 10 drugs studied in this analysis, all of them undergo at least 

partial renal elimination. All have been studied in adults with renal dysfunction and carry 

special renal dosing guidance, but these data are limited in children [17, 42]. The current 

study demonstrates the feasibility of studies in children with renal dysfunction and 

highlights the fact that pediatric clinical trials should be conducted initially for these drugs 

rather than evaluating them ad-hoc with dosing extrapolated from adults.
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Figure 1. 
Trial Designs
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Table 2

Demographics

eGFR ≥90 mL/min/1.73m2 (N=1388) eGFR <90 mL/min/1.73m2 (N=315) P

Age, years 12.4 (7.0, 16.0) 11.1 (6.0, 16.0) <0.001

Weight, kg 72.1 (29.5, 127.0) 47.2 (19.2, 93.5) <0.001

Weight z-score 1.67 (−0.69, 3.52) 0.29 (−2.49, 2.76) < 0.001

Height, cm 158.7 (126.0–183.0) 141.4 (110.0, 170.8) <0.001

Height z-score 0.55 (−1.50, 2.57) −0.77 (−3.29, 1.57) <0.001

BMIa, kg/m2 27.8 (16.6, 42.8)a 22.3 (14.8, 37.0) <0.001

BMI z-scorea 1.54 (−0.65, 2.81)a 0.82 (−1.03, 2.57) <0.001

Male 892 (64.3) 165 (52.4) <0.001

White 791 (57.0) 152 (48.3) <0.001

eGFR, mL/min/1.73m2 128 (94, 175) 68 (36, 89) <0.001

Values are presented as mean (5th, 95th percentiles) for continuous variables and n (%) for categorical variables.

a
1 participant was <2 years of age and did not have BMI or BMI z-score.

BMI indicates body mass index; eGFR, estimated glomerular filtration rate.
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Table 5

Adverse events associated with antihypertensive drugs that were reported in children on therapy

Adverse events
eGFR ≥90 mL/min/1.73m2 eGFR ≥90 mL/min/1.73m2

P
N (%) N (%)

Hypertension - 1 (0.5) 0.20

Hypotension 1 (0.1) - >0.99

Cardiaca 9 (1.1) 2 (1.0) >0.99

Headache 7 (0.9) 6 (3.0) 0.03

Neuro/psychb 14 (1.7) 6 (3.0) 0.26

Syncopec 7 (0.9) - 0.36

Gastrointestinald 25 (3.1) 10 (5.0) 0.19

Asthma/SOB 7 (0.9) 5 (2.5) 0.07

Elevated LFTs 6 (0.7) - 0.60

Muscle aches 21 (2.6) 4 (2.0) 0.80

Total 155 (100) 48 (100) NA

a
Includes tachycardia, palpitations, and chest pain.

b
Includes agitation, fatigue, seizures, tremors, and depression.

c
Includes blurry vision and dizziness.

d
Includes nausea, vomiting, and diarrhea.

eGFR indicates estimated glomerular filtration rate; LFT, liver function test; NA, not applicable; SOB, shortness of breath.
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