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Abstract Obesity is associated with an increased concen-
tration of inflammatory mediators, which in turn, in adults,
reduces the response to calcium channel blockers (CCBs).
We reviewed the medical charts of 263 pediatric nephrology
patients with renal conditions, with the aim of studying the
effect of obesity on the response to L-type CCBs, angio-
tensin interrupting agents (ANGIs), or a combination of
the two. Forty-eight patients were ultimately enrolled in the
study: 25 obese and 23 non-obese patients. The effect of the
treatments on lowering the blood pressure was compared in
obese versus non-obese patients. The systolic response to
CCBs, measured as at least a 10% reduction from the
baseline, was significantly lower in the obese (12.5%)
patients than in the non-obese (52.9%) ones. The differences
in diastolic response (58.8 and 25% for non-obese and obese
patients, respectively) did not reach significance. The per-
centage response to CCBs, however, was significantly less in
the obese patients than in the non-obese patients for both
systolic and diastolic blood pressure. Corticosteroids also
significantly influenced the response to CCBs in terms of
diastolic pressure (62.9 and 25% for non-obese and obese
patients, respectively). None of the tested covariates, includ-
ing obesity, was found to significantly influence the response
to ANGIs alone or in various combinations with CCBs. In
conclusion, obesity and corticosteroid therapy should be
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considered when initiating antihypertensive drug treatment
in children with kidney disease as both may contribute to a
reduced efficacy of the antihypertensive therapy.
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Introduction

The incidence of childhood obesity in North America has
increased dramatically over the past three decades [1-4].
Obesity is linked to poor disease outcome in renal
transplant patients [5] and increased propensity to some
adult conditions, such as cardiovascular diseases [6].
Obesity has also been regarded as an inflammatory process
[7, 8] complicated with chronic low-grade inflammation [8,
9]. Overweight and obese children have elevated levels of
inflammatory mediators, such C-reactive protein (CRP) and
tumor necrosis factor o« (TNF-o) compared to the general
pediatric population [10-12]. Adult obesity and other
inflammatory conditions associated with elevated concen-
trations of pro-inflammatory mediators, such as rheumatoid
arthritis, have been found to be linked to a reduced
response to calcium channel blockers (CCBs), such as
verapamil [13—16]. This association has been attributed to
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an inflammation-induced reduction in binding to L-type
calcium channels [13, 14] and a downregulation of calcium
channel target protein [13]. This specific effect of inflam-
mation is important because obesity and other inflammatory
states are complications of many diseases, such as
hypertension, angina and acute myocardial infarction,
which may ultimately require CCB therapy [17-19]. As
such, obesity may contribute to poor disease outcome [20].

Pediatric patients with renal disease have an increased
propensity to hypertension compared to children with
normal renal function [19]. This increased propensity has
been attributed to many factors, such as activation of the
renin—angiotensin—aldosterone system, fluid overload, and
corticosteroid therapy [19]. Calcium channel blockers, such
as nifedipine and amlodipine, and angiotensin converting
enzyme inhibitors, such as ramipril and enalapril, are the
most commonly prescribed drugs to treat hypertension in
children with renal disease [21-23]. However, the effect of
obesity on the pharmacological response of these drugs in
children with renal disease has not yet been studied.

The aim of this study was to investigate the effect of
obesity on the pharmacodynamic response to CCBs or
angiotension II blockers in pediatric patients with renal
disease who are currently prescribed these classes of drugs.

Patients and methods

A retrospective chart review study was conducted on the
health records of 263 pediatric patients treated for renal
disease at the Pediatric Nephrology Outpatient Clinic at the
University of Alberta Hospital/Stollery Children’s Hospital
between 2002 and 2006. The study was approved by The
Health Research Ethics Board at University of Alberta.
Patient medical records were chosen based on the Interna-

tional Classification of Diseases, 9th edition (ICD-9 [24])
codes for renal conditions in which antihypertensive
therapy are routinely employed (Table 1). Patients were
allocated to a diagnosis category based on the identification
of coding priority. Figure 1 shows the study design. Charts
were reviewed to identify whether antihypertensive medi-
cations were prescribed to these patients. Inclusion criteria
were male or female gender; age < 18 years; treatment with
CCBs (nifedipine or amlodipine) or angiotensin interrupting
agents [ANGI; includes angiotensin converting enzyme
inhibitors (i.e. captopril, ramipril, enalapril) and angiotensin
II receptor blockers (i.e. candesartan, losartan, and  valsar-
tan)] either alone or a combination of the two; medical chart
with sufficient demographic data and blood pressure meas-
urements.

The data collected were age, sex, weight, height, body
mass index (BMI), drug treatment, dosage, and pre- and
post-therapy blood pressure measures. Weight, height, and
BMI percentiles were determined for each patient using
specific nomograms for the corresponding age and sex [25].
Blood pressure had been measured according to the
recommendations of the fourth report on the diagnosis,
evaluation, and treatment of high blood pressure in children
and adolescents [26]. The measurement had been carried
out by physicians and/or nurses using manual/auscultatory
methods. All measurements had been made in the hospital,
and there had been at least three measurements per patient.
The average of the measurements was recorded for the
study. Systolic and diastolic blood pressure, 95th percentile
values for the corresponding age, sex, and height of the
patient were also determined for each patient using 2004
guidelines [26]. Systolic percentiles for patients younger
than 1 year of age were determined using the 1987
guidelines [27]. Patients were considered to be hypertensive
if their blood pressure values > 95th percentile blood

Table 1 Diagnostic codes of

the International Classification Coding ICD-9 Diagnosis Number of
of Diseases, used in this study priority code patients included
[24]
1 585 Chronic renal failure 5
593.X Chronic renal insufficiency
2 580.X Acute glomerulonephritis 8
583.X All glomerulonephritis
599.7 Hematuria
287.0 Henoch Schénlein purpura (glomerulonephritis)
582.X Chronic glomerulonephritis
3 581.X Focal segmental glomerulonephritis and 23
nephrotic syndrome
4 593.X Reflux nephropathy 3
596.X Bladder dysfunction
753.X Urologic abnormalities
589.X Urologic abnormalities
ICD-9, International Classifi- 5 401.9 Hypertension (without identified cause) 9

cation of Diseases, 9th edn
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Fig. 1 Flow chart of patients
recruitment and grouping
strategy. /CD-9 International
Classification of Diseases, 9th
edn, CCB calcium

channel blocker, ANGI angio-
tensin converting enzyme
inhibitors and angiotensin II
receptor blockers

Chart Review of patients with ICD-9 codes of
renal conditions in which antthypertensive

therapy is routinely employed
(n=263)
[ ]

Treated with Not treated with
Antihypertensive therapy | | Antihypertensive therapy
(n="70) (Excluded) (n=193)

I [ |

Treated with Treated with Treated with Missing data (n=
Calcium Channel Angiotensin Combination 14) or treated with
Blockers Interrupting A gents Therapy drugs other than
{n=33) (n=26) n=9) or in addition to
CCBs or ANGIs
h=28)
(Excluded)
Non- Obese Non- Obese Non- Obese
obese obese obese
h=17) n=16) nh=3) n=3) n=3) n=26)

pressure for the corresponding age, sex, and height [26].
Patients’ characteristics depicted in Table 2 were compared
between the obese and non-obese patients using the two-
tailed Student’s ¢ test.

An obese patient aged between 2—18 years was defined
as an individual with a BMI > 95th percentile for healthy
children of the corresponding age and sex [6]. Patients
younger than 2 years of age whose weight percentile > 95th
percentile of children of the corresponding age and sex
were also considered to be obese.

The influence of obesity on the effects of CCBs and
ANGIs to lower the systolic and diastolic blood pressure
was determined. Two outcome variables were measured.
First, patients were categorized as responders or non-
responders based on at least a 10% reduction from the
baseline systolic and/or diastolic blood pressure. The effect

of obesity was tested using multivariate logistic regression
[28]. Second, the percentage reduction in the blood pressure
from the baseline was measured and compared between
obese and non-obese patients using the two-tailed Student’s
t test. The effect of other covariates, i.e. age, sex, diagnosis,
and corticosteroid therapy, on drug response was also tested
using multivariate logistic regression. The p value was set
at < 0.05. Statistical analyses were carried out using
Statistical Analysis System (SAS) software ver. 9.1 (SAS
Institute, Cary, NC).

Results

The medical records of 263 patients were reviewed. The
highest number of patients on antihypertensive therapy

Table 2 Characteristics of the

patient cohort Patient characteristics

Non-obese Obese

Number (%)
Age, years (range)
Sex, number (%)
Males
Females
Height, cm (range)
Height, percentile
Weight, kg (range)
Weight percentile
Body mass index, kg/m? (range)
Body mass index, percentile

*p<0.05 from non-obese
Where appropriate, values are
given as mean + standard
deviation

23 (48)
8.5+0.7 (2.58-15)

25 (52)
8.3+1.1 (0.17-16)

12 (52.17) 21 (84)*

11 (47.83) 4 (16)

131442 (92-169.4) 124.4+7.5 (48-180)
57.6+7.3 54246.9

32.5+3.0 (12-61.3) 47.1+6.3% (6.6-114.8)
59.66.6 93+1.1%

17.940.7 (12.4-24.8) 26.5+1.2% (18.6-37.1)
61.3+6.1 95+0%*
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Table 3 Mean doses® of calcium channel blockers and angiotensin
interrupting agents

CCBs/ANGIs Non-obese Obese p value

Amlodipine (CCB)
Number” 7 2 0.60
Dose 6.9+1.2 8.3+£2.5

Nifedipine (CCB; short acting)
Number 11 13 0.73
Dose 10.7+£2.4 9.6+1.9

Nifedipine (CCB; long acting)
Number 2 7 0.56
Dose 77.2+34 56+15.8

Ramipril (ANGI)
Number 4 4 0.36
Dose 7.7£1.0 5.6£1.9

Other ANGIs (enalapril comparative dose) [26, 43]
Number 2 5 0.97
Dose 4.9+3.7 5.0+£0.9

CCB Calcium channel blocker; ANGI angiotensin interrupting agents
2 All doses reported in this table are given as mg/m* per day (mean =
standard deviation)

® Number indicates the number of patients

were those who, according to the ICD-9 diagnostic list, had
been placed in the hypertension (100%) category, followed by
the nephrotic syndrome (65%) category. The lowest percent-
age of patients on antihypertensive therapy (5%) were those
with urologic abnormalities. Overall, 70 patients were found
to be treated with antihypertensive drugs: chronic renal failure
(n=6), glomerulonephritis and related conditions (n=11),
nephrotic syndrome (n=35), urologic abnormalities (n=06),
and hypertension (n=12). The patient distribution based on
their glomerular filtration rate (GFR; ml/min per 1.73 m?)
was 7% at > 90, 13% at 60-90, 20% at 30-59, 27% at 15—
29, and 33% at <15 ml/min per 1.73 m®. All patients with
nephrotic syndrome were hypoalbuminemic.

Six patients were excluded because they were missing
height values needed for determining BMI and blood
pressure percentiles. Another eight patients were excluded
because they were being treated with antihypertensive
medications other than or in addition to CCBs and ANGISs.
Of the latter eight excluded patients, five were obese. They
had been treated with multiple medications because they
were resistant to therapy. Another eight patients were on
antihypertensive medications before the assessment by the
clinical service and so they were excluded from the study.
Consequently, a total of 48 patients were included in the
study (Table 2). Age and height distributions were not
significantly different between obese and non-obese
patients. There were significantly more obese males than
females (p<0.05). Twenty-five patients (ten non-obese and
15 obese) were on corticosteroid therapy. Of these, 20 were
treated by prednisone before and five after the assessment.

@ Springer

The average dose of prednisone was 47+4.0 and 43.7+
6.5 mg for non-obese and obese patients, respectively. The
average time to the second blood pressure measure was 3.0+
0.27 days (range 2-5) for non-obese patients and 3.3+0.22
(range 2-5) days for obese patients.

Thirty-three patients (17 non-obese and 16 obese) were
treated with CCBs (amlodipine, nifedipine XL, or regular
acting nifedipine), six patients were treated with ANGIs
(captopril, ramipril, enalapril and losartan), and nine
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patients were treated with a combination of an ANGI and a
CCB. There was no significant difference in CCB and
ANGI dosages between obese and non-obese patients
(Table 3).

The systolic response to the calcium channel antagonist
therapy, measured as at least a 10% reduction from the
baseline, was significantly less in the obese (12.5%) than
the non-obese (52.9%) patient group. With respect to the
diastolic response, although numerically different between
the groups (58.8 and 25% for non-obese and obese patient
group, respectively), no significance was reached. For the
percentage reduction in systolic and diastolic blood
pressure, the influence of the calcium channel antagonists
was significantly less in obese than non-obese patients
(Fig. 2). Among the examined covariates, only obesity and
corticosteroid therapy had a significant influence on the
systolic and diastolic response to calcium channel antago-
nists, respectively (Table 4). Patients treated with cortico-
steroid therapy had a significantly reduced diastolic
response (25%) to CCBs as compared to non-treated ones
(69.2%).

None of the tested covariates, including obesity, were
found to significantly influence the response to ANGIs. As
depicted in Fig. 2, the percentage reduction in systolic and
diastolic blood pressure due to the influence of ANGI
therapy, either alone or in combination with CCBs, was not
significantly different between the obese and non-obese
patients (Fig. 2).

Discussion

In adults, rheumatoid arthritis [16], old age [29], and
obesity [15] result in a reduced response to the calcium
channel antagonist verapamil. All of these conditions are
considered to be chronic low-grade inflammatory states and
are all associated with an elevated circulating concentration
of pro-inflammatory mediators, such as CRP and TNF-«
[8, 9]. The accumulation of adipose tissue in obese

individuals has been linked to increased macrophage
infiltration and chemokine and cytokine production [7].
Obese children also have elevated serum concentrations of
CRP [10-12] and TNF-« [12]. Such observations have
been made under diverse experimental conditions in terms
of the patient population and drugs used. Our aim was to
determine whether obese children also exhibit a lower
response to calcium channel therapy than their non-obese
counterparts. Based on our data, we suggest that systolic
blood pressure in obese children is less responsive to CCBs
than that of non-obese children (Fig. 2, Table 4). Since our
patients were dosed on the basis of their body-surface area
(BSA) rather than their body weight and there was no
significant difference in dosages, the possibility of under-
dosing can be ruled out. The exact mechanism behind this
observation is unknown. Data from animal studies indicate
that the reduced response to CCBs under inflammatory
conditions is due to the downregulation of L-type calcium
channels secondary to a reduced drug receptor binding [13,
14], which by itself is caused by depressed target protein
expression [13].

All of the pediatric patients enrolled in this study had
underlying renal complications (Table 1). Explanations which
have been put forward for the high incidence of elevated
blood pressure in pediatric patients with renal disease include
activation of the renin—angiotensin—aldosterone system, fluid
overload, and corticosteroid therapy [19]. These patients are
usually treated with antihypertensive drugs, such as CCBs
and ANGIs. If we consider the fact that 70 of the 263
patients reviewed in this study (27%) needed antihyperten-
sive therapy, and that of these 70, 50% were obese, our
observation becomes clinically relevant. Hypertension by
itself is an inflammatory condition, and hypertensive obese
children have been found to have higher concentrations of
inflammatory mediators than non-hypertensive ones [30].
The magnitude of the reduced response observed in our
study may, therefore, be due to a combination of obesity and
hypertension. Indeed, we observed the downregulating effect
of obesity by including only a relatively small population
size in the study.

Table 4 Adjusted odds ratios, 95% confidence intervals, and p values of different variables tested for their association with systolic and diastolic

responses to CCBs

Covariate Systolic response Diastolic response

Odds ratio 95% CI p Odds ratio 95% CI p
Age 0.98 0.79-1.2 0.85 1.05 0.86-1.3 0.66
Sex (female vs. male gender) 0.36 0.04-3.4 0.38 0.88 0.1-7.5 0.9
Obesity (non-obese vs. obese) 12.26 1.2-122 0.03 3.93 0.6-25.9 0.16
Nephrotic syndrome (non-nephrotic vs. nephrotic) 5.66 0.78-41 0.09 0.17 0.01-1.8 0.14
Corticosteroid therapy (not treated vs. treated) 1.83 0.3-11.7 0.53 15.1 1.3-176 0.03

CI Confidence interval
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Obesity was not the only confounding variable; cortico-
steroid therapy was also associated with a reduced diastolic
response to CCBs. Prednisone and methylprednisone are
commonly prescribed drugs in a therapeutic program aimed
controlling the progression of a number of kidney diseases
or as immunosuppressants in renal transplant recipients [17,
31]. Corticosteroids are known to antagonize the antihy-
pertensive effects of drugs [19]. This effect has been
explained by three mechanisms: the induction of a positive
sodium balance with subsequent water retention; enhance-
ment of the sensitivity of tissues to catecholamines, with
subsequent vasoconstriction; central nervous system acti-
vation [32, 33].

Patients diagnosed with hypertension-related nephrotic
syndrome had the highest requirement for antihypertensive
medications. This is an expected result because of the
nature of the disease and concomitant treatment with
corticosteroids [17, 31]. On the other hand, patients with
urologic abnormalities had the lowest requirements for
antihypertensive treatment. Thus, a knowledge of the
underlying kidney disease and its management can facilitate
the prediction of the drug response. Nephrotic syndrome
patients were more prone to have a reduced efficacy of
antihypertensive medications, possibly explained by hypo-
albuminemia-induced water retention, obesity, and cortico-
steroid therapy [17, 19]. In contrast, hypertensive patients
with urologic abnormalities are more likely to respond to
medications because they do not have similar risk factors
for resistance to therapy.

Although sex was not significantly associated with a
reduced drug response, there were more obese males than
females. This may explain in part an earlier observation that
the long-term antihypertensive efficacy of amlodipine in
pediatric patients with chronic kidney disease is signifi-
cantly higher in females than males [22].

A reduced response to drugs, including CCBs, under
inflammation-complicated conditions may contribute to a
poor disease prognosis and therapy outcome. Other
cardiovascular diseases, such as acute myocardial infarction
and heart failure, are also associated with elevated pro-
inflammatory mediator concentrations [34, 35]. Indeed,
morbidity and mortality in these patients are correlated with
the magnitude of such elevations [20]. The potential
contribution of receptor downregulation in the poor therapy
outcome in these patients cannot be ruled out.

Due to the retrospective nature of the study, we did not
have access to the plasma concentration of the antihyper-
tensive drugs; consequently, we cannot equivocally rule out
a potential contribution of an altered pharmacokinetics.
This limitation to our study is important in light of the
potential effect of the hypoalbuminemia observed in our
patients. Hypoalbuminemia may cause a reduced plasma
protein binding of drugs, resulting in a potential increase in
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drug concentration at the site of action [36, 37]. This
reduced protein binding may also give rise to accelerated
overall clearance of the drug. These two potential mecha-
nisms often offset each other and render the influence of
hypoalbuminemia on the pharmacokinetics negligible
[36-38].

It is not well known if our observations can be
extrapolated to the action of other cardiovascular drug in
humans. [3-Adrenergic receptors are also capable of down-
regulation in animal models of inflammation [39]. In
contrast, our data indicate that obesity had no significant
influence on the potency of ANGIs. This latter result is in
agreement with data reported for adults: inflammation does
not alter the pharmacological response to angiotensin II
receptor blockers, such as valsartan [40] and losartan [41].
This effect has been attributed to the suppression of
angiotensin, which is a potent pro-inflammatory mediator
[42]. In addition, these drugs have been found to improve
proteinuria in a number of kidney diseases, such as
nephrotic syndrome and acute glomerulonephritis [23],
which is an added advantage for their use.

The limitations of our study include its retrospective
nature and the relatively small population size. Neverthe-
less, the influence of obesity on the response to CCBs
appears to be of the magnitude that was evident even using
a small sample size and the variability inherent in this type
of study. The disease severity, degree of obesity, and
inconsistency in corticosteroid dosing may have further
contributed to the variability in drug response. A larger
prospective clinical trial in which drug therapy and
response measures are standardized should be carried out
to confirm our results.

In conclusion, obesity and corticosteroid therapy are
important confounding factors that govern the responsive-
ness of pediatric patients treated for renal disease with
antihypertensive drugs. Obesity should be considered when
initiating antihypertensive drug therapy for children with
kidney disease.
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