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Abstract

Objectives—To assess blood aldosterone-renin ratio (ARR) and its relationship to ambulatory
blood pressure (ABP) and left ventricular mass (LVM) in children.

Study design—A cross-sectional clinical study was conducted in 102 children (71.6% African
American and 62.7% male) aged 7-18 years (mean=13.6, median=14). ABP (24-hour monitoring)
was expressed as blood pressure index (BP1 = mean BP/95!™ percentile by sex and height). LVM was
measured by echocardiography and expressed as an index (LVMI=grams/ht?-). Regression analyses
were used to estimate associations.

Results—African American children had significantly lower serum aldosterone concentration and
plasma renin activity compared with European American children (aldosterone: 5.9 ng/dl vs. 11.4
ng/dl, P = <0.0001 and renin: 1.6 ng/ml/h vs. 2.8 ng/ml/h, P = 0.01 respectively). However, ARR
was not significantly different by race. ARR was not associated with 24-hour ABP, but was
significantly associated with LVMI (B = 0.4 g/m27, P = 0.02) after adjustment for the ratio of 24-
hour urine Na to creatinine excretion, BMI-z score, and ABPI.
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Conclusion—The study observed a significant association between ARR and LVVMI but not ABP
in children, which suggested early cardiac remodeling associated with a high ARR.
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pediatrics

The renin-angiotensin-aldosterone system (RAAS) plays an important role in the regulation of
systemic blood pressure (BP) and sodium (Na) excretion. the aldosterone-renin ratio (ARR)
has become recognized as a useful test to screen hypertensive individuals with primary
hyperaldosteronism,! predicts incident hypertension among adults,? and has been proposed as
a guide for targeting anti-hypertensive drug therapy. It appears to be more robust and relatively
independent of time and position at sampling compared with the individual plasma levels of
renin and aldosterone.! The ARR was found to have significantly positive associations to
measures of cardiovascular disease among hypertensive adults.3 There are limited data
regarding ARR and its relationship to ambulatory blood pressure (ABP) and left ventricular
mass (LVM) in children. The aims of this study were to examine, in children referred for
primary hypertension, (1) serum aldosterone level, plasma renin activity, and ARR; and (2)
the relationship of ARR with ABP and LVM.

METHODS

Children aged 7-18 years were recruited from primary care clinics and from referrals to the
University of Tennessee Medical Group (UTMG) nephrology or cardiology clinics for
evaluation of elevated BP. Individuals were excluded if they were on antihypertensive
medications or oral contraceptives, or had a diagnosis of renal disease, cardiac diseases,
Liddle’s syndrome, or secondary hypertension (HTN). A total of 124 subjects were enrolled.
Eighteen subjects with insufficient readings to meet the criteria (> 30 total readings and > 5
nocturnal readings in 24 hours) for adequate ABP monitoring (ABPM) and four individuals
with ARR > 30 (potential primary hyperaldosteronism) were excluded. Thus, the final sample
in this analysis included 102 participants (73 African Americans, AAs and 29 European
Americans, EAs). Informed consent was obtained from the parent and assent obtained from
the study subject, as appropriate. The research protocol was approved by the University of
Tennessee Health Science Center Institutional Review Board and followed the guidelines for
good clinical practice.

During the 2-day study period, the following procedures were performed: blood samples
collection; 24-hour urine collection; ABPM; and echocardiographic measurement. Subject’s
height and weight were measured using a balance beam scale and pediatric wall-mounted
stadiometer. Ethnicity was categorized as that reported by the subjects or parents. The
participants were not asked to alter their dietary sodium intake during the study period.

ABPM was performed using the AM5600 ambulatory BP monitor (Advanced Biosensor,
Columbia, SC). The monitors were programmed to take the BP every 20 minutes for a 24-hour
period using the auscultatory technique to detect Systolic BP (SBP) at Korotkoff phase | and
diastolic BP (DBP) at Korotkoff phase V. After selection of the appropriate cuff size, the
brachial artery of the non-dominant arm at the anticubital fossa was located by palpation. The
microphone was taped to the subject’s arm over the strongest impulse followed by placement
of the cuff and electrodes. During the AM5600 “office check period,” with the subject in a
seated position, a minimum of 3 pairs of simultaneous readings were taken in the same arm
via a 3-way stopcock, with a mercury sphygmomanometer and stethoscope, and the AM5600,
using the recorder’s BP cuff. The calibration readings allowed for adjustments to be made in
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the recorder’s microphone amplification and to establish a baseline for ABPM versus manual
SBP and DBP. The office check readings were not included in the 24-hour results; casual BP
readings were derived from the mean of 3 readings by mercury sphygmomanometer. The
parent/guardian was asked to record the subject’s bedtime and time of awakening; using the
reported times, the asleep period was designated by the next reading after the time of sleep and
the last reading prior to the time recorded for awakening. After 24 hours, the cuff and monitor
were removed, and the data downloaded using the manufacturer’s software.

The mean SBP and DBP were calculated separately for the 24-hour period and for awake
(designated as daytime) and asleep (designated as nighttime) periods. The blood pressure index
(BPI) for each subject was calculated by expressing the mean SBP or DBP as a ratio to the
appropriate 95t percentile as reported by Soergel et al.# By definition, when the BPI is greater
than 1.0, the mean BP is above the 95™ percentile. According to ABPM standards, 70% of the
participants had a 24 hour BP load greater than or equal to 25% which is abnormal. Forty
percent had a BP index > 1, and 25% had white coat HTN. These details were published
elsewhere.®

The Pearson correlation coefficients between the AM5600 monitor and the mercury
sphygmomanometer were 0.992 and 0.979 for systolic and diastolic BP, respectively, with
coefficients of variation of 1.5 and 3.5%. The AM5600 monitor has been validated for use in
children and adolescents.8 ABPM waveform analysis to detect artifactual readings was
performed by a blinded co-investigator. Artifactual readings were discarded based upon
methods previously described.” The accuracy of each reading was determined by inspection
of the graphic display of the Korotkoff signal.

Echocardiography was performed according to the standard of the American Society of
Echocardiography (ASE).8 Subjects were positioned in the partial left decubitus position.
Measurements performed in M-mode were the dimensions of the interventricular septal
thickness (IVS), posterior wall thickness (PWT), and left ventricular internal dimension
(LVID), which were taken at or just below the mitral valve tips. Left ventricular mass (LVM)
was calculated using the formula published by Devereux et al® according to the ASE guidelines:
LV mass (g) = 0.81[1.04(IVS + PWT + LVID)3 - (LVID)3] + 0.06. Echocardiography was
performed by the same technician, and all measurements were performed in triplicate by the
same cardiologist, who was blinded to the subject’s BP. LVM index (LVVMI) was derived by
dividing LVM in grams by the subject’s height in meters raised to the 2.7 power.10-12

Blood samples for the measurement of plasma renin activity (PRA) and serum aldosterone
concentration were drawn in an upright-seated position after subjects were ambulatory and
before placing the ABPM. The time at blood drawn for each subject was recorded. Blood
samples were centrifuged, and the serum/plasma fraction was frozen and sent to American
Esoteric Laboratories (AEL) in Memphis for analysis. PRA (ng/ml/hr) and serum aldosterone
concentration (ng/dL) were measured by radioimmunassays. ARR was calculated as serum
aldosterone concentration divided by PRA. For those whose PRA < 0.2 (n=3), PRA values
were arbitrarily set to 0.2.13 A 24-hour urine sample was collected to measure urinary sodium
and creatinine excretion. To correct for any missed samples in the timed urine collection, 24-
hour urinary Na excretion (mmol/24-h) was standardized to urinary creatinine excretion (g/24-
h), i.e., Na/Creatine ratio.1*

SAS 9.1. (SAS, Inc., Cary, NC) statistical software was used for all analyses. Body mass index
(BMI) was calculated as weight (kg) divided by the square of height (m2). BMI z scores, which
reflect the standard deviation score for the age- and sex-appropriate BMI distribution, were
calculated using the same methods as used in the 2000 CDC Growth Charts for the United
States.1® Descriptive analyses were used to assess the mean values and standard errors of the
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means. The t-statistics test was applied to test significant differences in the distribution of
continuous variables by sex or ethnic group. Pearson correlation coefficients were calculated
for all continuous measurements. Scatter plot was applied to estimate the relationship between
ARR and LVMI without adjustment for covariates. Effects of ARR on ABP and LVMI
controlling for other covariates were assessed by linear regression. Collinearity was assessed
to remove variables that were highly correlated with independent variables in regression
models.1® Tiu et al reported that ARR was affected by the time at blood collection.! The time
at which the blood was drawn in this study ranged from 7:00 am to 4:15 pm. To control for
time, as a possible confounder in the relationship between ARR and BP or LVMI, time was
classified into morning (am) and afternoon (pm) with pm as the reference for comparisons.

There was a predominance of African-American children (73 AA/29 EA) as well as males (64
M/38 F) (Table I). Participants’ age ranged from 7 to 18 years with a mean + standard deviation
of 13.6 £ 2.5 years, and a median of 14 years. The age distribution was not significantly different
by race. The distributions of other selected variables of interest were also similar between AAs
and EAs, except for serum aldosterone concentration and PRA. Significantly lower PRA and
serum aldosterone concentration were observed in AAs compared with their EA counterparts
(PRA 1.61 vs. 2.84 ng/ml/hr, P = 0.01, and aldosterone 5.87 vs. 11.40 ng/dL, P < 0.0001).
However, the ARR was not significantly different between AAs (6.31) and EAs (5.19, P =
0.41). Compared with EAs, AAs were likely to have lower daytime-average DBP (74.4 vs.
77.3 mmHg, P = 0.07) and daytime DBPI (0.88 vs. 0.92, P = 0.06). A sex difference in ABP
was shown by significantly higher SBP in males compared with females (126.3 vs. 118.5 mm
Hg, P = 0.0002 for mean 24-hour SBP, 132.1 vs. 123.5 mm Hg, P < 0.0001 for mean daytime
SBP,118.3vs. 112.7 mm Hg, P =0.02 for mean nighttime SBP respectively). These differences
may be explained by a higher average age in males compared with females (13.97 vs. 13.05,
P =0.09) and the higher BMI, BMI percentile and BMI-z score in males than in females (Table
1), although the differences between males and females were not statistically significant.

Blood samples were collected during 7am and 4:15pm: 10.1% of participants had blood drawn
between 7:00 am and 9:59am; 24.7% between 10:00 am and 11:59am; 22.5% between 12:00
pm and 1:59pm; and 42.7% between 2:00 and 4:15 pm. The mean values of ARR at the 4
periods were 2.0, 1.3, 1.2 and 1.4. The mean values of ARR were not different by time at blood
sample collections.

There was a significantly positive correlation between ARR and age (r = 0.26, P = 0.02) and
an inverse correlation between urinary Na/creatine ratio and age (r =-0.33, P =0.0007). Urinary
Na/creatine ratio was significantly correlated with serum aldosterone (r = -0.21, P = 0.04) but
with neither PRA (r =-0.04, P = 0.73) nor ARR (r =-0.14, P = 0.22). As previously reported,
ABP was significantly correlated with LVMI.5

ARR was significantly associated with L\VVMI, but not ABP. The unadjusted relationship among
ARR, ABPI and LVMI is shown in the Figure. Increased ARR was significantly associated
with increased LVMI (Figure 1, A; p = 0.4, P = 0.04) but not ABPI (Figure 1, C and D). ABP
was significantly associated with LVMI (Figure 1, B; P = 0.02 for 24-hour SBPI associated
with LVMI). In multivariable regression analyses, ARR was also not associated with any ABP
measurements. However, ARR was still significantly associated with LVMI ( = 0.367 g/
m27, P = 0.047) after adjustment for time at blood collection, ratio of 24 hour-urine Na/
Creatinine excretion, age, sex, ethnicity, and BMI-z score.

Table Il presents the associations between ARR and LVVMI independent from other covariates,
including BP. Adding 24-hour SBP index (SBPI) and DBP index (DBPI), possible intermediate
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factors between ARR and left ventricular mass, into the multivariable model attenuated the
ARR and LVMI association (before § = 0.41, P = 0.048, and after § = 0.38, P = 0.056). The
regression coefficient of ARR associated with LVMI in the best fitting model was 0.40 with
P =0.022.

PRA was associated only with LVMI (B = 0.04, P = 0.04) after adjustment for BMI-z score
and 24-hour urinary Na/creatinine excretion, but not associated with ABP. Aldosterone was
neither associated with ABP nor with LVMI. However, association between 24-hour urinary
Na/creatinine excretion and LVMI was significant (B = 0.04, P = 0.03) before adjustment for
ARR but not significant at type I error less than 0.05 (Table 1) after adjustment for ARR and
BMI z-score.

DISCUSSION

This study observed a significant association between ARR and LVMI in children at risk for
HTN. The association persisted after adjustment for significant covariates. Ethnic differences
in the activity of specific components of the RAAS have been reported. Among healthy children
participating in the Bogalusa Heart Study” and in a study conducted among 20 schools in
Indianapolis, Indiana,18 PRA was observed to be lower in AAs compared with EAs. The
significantly lower renin in AAs in our study was consistent with that reported in previous
studies of children and adults.27-20 The lower PRA in normotensive and hypertensive AA
children and adults when compared with EAs may be due to expansion of the extracellular
fluid volume, increased Na delivery to the macula densa, increased adrenal sensitivity to
angiotensin 11, higher dietary salt intake, lower dietary potassium intake, and/or increased
activity of the distal tubular Na channel in AAs. 18 21-23

Studies of serum aldosterone concentration in African and European descendants have been
inconclusive. Some studies have reported higher aldosterone concentrations in people of
African origin,20 whereas other studies have observed higher aldosterone concentrations in
people of European orgin,18: 24-27 or similar concentrations in both.28 In our study, serum
aldosterone was significantly lower in AA children compared with their EA counterparts.

The relationship between PRA and BP has been examined in normotensive and hypertensive
children, but the results have been inconsistent.1”: 29-31 Of 159 normal children in the study
conducted by Harshfield et al, subjects who had higher renin-sodium profiles (the relationship
between PRA and 24-hour urinary Na excretion) had a blunted nocturnal decline in SBP and
higher nocturnal DBP (assessed by ABPM).39 A recent study observed that PRA was
significantly positively correlated with DBP (including DBP load by ABPM) in 70 untreated
children (2.9% AA) with primary HTN.2° Our study did not find any significant PRA-BP
association (data not shown) but a significant positive association between PRA and LVMI.

Aldosterone is an important determinant of BP control and has a major impact on
cardiovascular health; its association with HTN is directly related to its known effects on renal
salt excretion through its action on the distal tubular Na channel. In addition to its renal effects,
plasma aldosterone has been associated with endothelial dysfunction,32 reduced vascular
compliance,® 33 increased LVVM and BP-independent changes in myocardial structure and
function.23 In a cohort study of the relationship between baseline aldosterone level and incident
hypertension during follow-up, Vasan et al observed an increased risk for future development
of HTN or worsening of HTN stage in adults whose plasma aldosterone levels were in the
highest quartile, yet still within the normal range.34 Aldosterone appears to exert a BP- and
epithelial sodium channel-independent effect on the left ventricle; aldosterone concentration
has been associated with increased myocardial fibrosis and diastolic dysfunction.23 El-
Gharbawy et al?6 observed that aldosterone concentration was significantly positively
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correlated with nighttime SBP and DBP, but inversely correlated with nocturnal decline of
both SBP and DBP in AA, but not in French Canadian, adults with essential HTN. Of note,
plasma aldosterone also correlated with cardiac dimensions in AAs but not in French
Canadians.?6 Our study did not observe any association between serum aldosterone
concentration and either ABP or LVMI.

Mahmud et al found that ARR was positively associated with increased aortic pulse pressure
and arterial stiffness among untreated adults with essential HTN.3 A recent report of 1,773
normotensive adult participants from the Framingham Heart Study indicated that ARR was
associated with the incidence of HTN.2 In our study of children, ARR was not significantly
associated with ABP but was with LVVMI without or with adjustment for ABP, although ABP
was also significantly associated with LVMI without adjustment for ARR. Increased ARR has
been found to correlate with left ventricular hypertrophy in adults.3®> However, very little is
known about ARR associated with cardiovascular target organ change in children. Our results
suggested that ARR may be a marker to predict early cardiac remodeling in children.

Our study is not able to elucidate the mechanism by which increased ARR might promote
increased left ventricular mass. However, other studies found that individuals with higher ARR
may have increased adrenal sensitivity to angiotensin 11.26 In addition, aldosterone not only
enhances the pro-inflammatory actions of angiotensin 11 but is also known to promote vascular
and cardiac remodeling independent of angiotensin 1l via activation of the mineralocorticoid
receptor (MR).36 Our finding that the ARR is associated with increasing L\VVMI may be related
to direct effects of the relative increase in circulating aldosterone on the vasculature and
myocardium, or to a dual effect of both Ang Il and aldosterone because there is synergism
between the two agents.3”

There are some limitations to this study. The majority of participants were AAs (72.4%)
because of the population distribution in the catchment (Memphis metropolitan) area and the
high prevalence of HTN in AAs; Tanner stage was not consistently documented in our
participants, and therefore, could not be included in the analysis. However, we analyzed the
association between ARR and LVMI adjusted for age and found that age was not a significant
confounding factor in our study (Table I1). Nutrient data, especially salt intake, were not
collected in this study, but the study collected 24-hour urinary samples for sodium excretion
estimate, which may indirectly reflect participants’ salt intake.38 The study did not measure
24-hour urinary aldosterone concentration, an important index of aldosterone status. The renin
activity and aldosterone concentration are sensitive to the time at which blood is drawn. Even
if the association was estimated with adjustment for the time at blood collection in this study,
a one-time measure of these biomarkers may not capture their 24-hour variations. In addition,
this cross-sectional study was unable to detect the longitudinal effects of ARR on ABP and
LVM. Finally, there may have been inadequate 24-hour urine collections in a few participants.
However, we applied the commonly used approach, 24-hour urinary Na to creatinine ratio, to
justify the potential confounding due to the measurement errorl4.

Increased ARR was significantly associated with increased LVVM after accounting for other
risk. In addition, this relationship between ARR and LVVM is independent from 24-hour ABP,
which suggests ARR may predicate early organ damage in children.
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Figure 1.
Relationship among aldosterone/renin ratio (AAR), ambu

SBPI, § =0.0002, P = 0.91; and D: ARR and 24-h DBPI,
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latory blood pressure, and left

ventricular mass index (LVMI). A: AAR and LVMI, B = 0.4, P = 0.04; B: 24-hour ambulatory
systolic blood pressure index (24-h SBPI) and LVMI,  =43.3, P =0.02; C: ARR and 24-h

f=0.0001, P =0.97
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