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Abstract

Objective—During normal pregnancy, studies have shown increased activity of the renin-
angiotensin-aldosterone system (RAAS) and a dissociation of plasma renin activity (PRA) and
aldosterone (Aldo) evidenced by a greater increase in Aldo relative to PRA. The aims of this study
were to examine the RAAS response to stimulation by upright posture and suppression by saline
infusion and to investigate the PRA-Aldo dissociation under these two conditions.

Methods—We studied 24 healthy normotensive women (mean + standard error of mean, ages 29
+ 1 yrs) in sodium (Na) balance in the second and third trimesters and postpartum. Subjects
underwent a 24-hour urine collection which was analyzed for Na, norepinephrine (NE),
epinephrine (Epi), and dopamine (DA); a posture study with analysis of blood pressure (BP),
PRA, Aldo, NE, Epi, DA, and cortisol; and a 0.9% NaCl infusion study (500 mL/hr for 3 hrs) with
analysis of BP, PRA, Aldo, cortisol, and digitalis-like factor (DLF). Analyses included paired t
tests to compare posture and saline responses, repeated measures to compare across periods, and
percent change to evaluate the PRA-Aldo dissociation.

Results—During pregnancy, PRA, Aldo, BP, catecholamines, and cortisol levels were
significantly greater in upright than left lateral decubitus (LLD) posture, and the percent change in
Aldo was significantly greater than the percent change in PRA. During pregnancy in response to
saline infusion, BP did not change; the PRA and Aldo significantly decreased; the percent change
in Aldo was significantly greater than the percent change in PRA in the second trimester; and
serum DLF and cortisol levels significantly decreased.

Conclusions—In longitudinally studied normal pregnancy, PRA and Aldo levels were
dissociated at baseline, with stimulation and, to a lesser degree, with suppression. Norepinephrine,
adrenocorticotrophic hormone, and DLF may contribute to this dissociation, and clarification of
these interactions may provide insight into the regulation of aldosterone during normal and
hypertensive pregnancy.
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INTRODUCTION

Normal pregnancy is characterized by increased activity of the renin-angiotensin-
aldosterone system [RAAS; (1-4)]. Prior-studies demonstrated that, not only are levels of
the RAAS hormones increased, but that these hormones maintain responsiveness to changes
in posture (5-7), oral sodium intake (8, 9), and saline infusion (7, 10-12). Studies have
shown that the plasma renin activity (PRA) and plasma aldosterone (Aldo) relationship is
dissociated during pregnancy, such that Aldo is increased to a greater degree than PRA
during both the second (13, 14) and third (13-15) trimesters. This dissociation has also been
observed with upright posture, a stimulator of the RAAS (16), and saline infusion, a
suppressor of the RAAS (17). The dissociation suggests that either pregnancy confers
greater sensitivity of the adrenal aldosterone response to changes in PRA (mediated by
angiotensin 1) or factors other than the RAAS hormones contribute to aldosterone secretion
in pregnancy. Factors that have been implicated in affecting aldosterone release outside of
pregnancy include potassium (18, 19), catecholamines (20-24), adrenocorticotrophic
hormone [ACTH; (25)], and digitalis-like factor [DLF; (26-28)]. Dopamine may also play a
role in the modulation of aldosterone levels, independently of angiotensin 11 (Angll) and
potassium (29). The roles these factors play in regulating aldosterone release during normal
pregnancy, as well as any potential interaction with each other, have not been elucidated.

Because there has not been a comparison of both RAAS stimulation and suppression in the
same pregnant women in sodium balance, we conducted a systematic study of the baseline
and dynamic responses of the RAAS during normal pregnancy. To help clarify the potential
differences in PRA and Aldo response, we simultaneously investigated potassium,
catecholamines, and cortisol (as a proxy for ACTH activity) in response to acute changes in
volume both during stimulation by upright posture and suppression by saline infusion. DLF
response to saline infusion was also measured. To test the hypothesis that the RAAS system
is functionally modified during pregnancy in the setting of posture and volume
manipulation, we measured the levels of these factors, as well as PRA and Aldo,
simultaneously in the same women during the course of one uncomplicated pregnhancy and
postpartum period. In addition, given the wide range of normal values for PRA during
pregnancy, each woman was brought into sodium balance on a diet standardized for sodium
and potassium intake and served as her own control to reduce variability and optimize data
reliability.

METHODS

Study Population

Twenty-five normotensive women were recruited at random from the antenatal clinical
offices at the Brigham and Women’s Hospital. They were enrolled in the study prior to 20
weeks gestational age (GA) and fulfilled the entry criteria of an uncomplicated pregnancy at
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the initiation of study, no medication use except prenatal vitamins, and no current medical
illness, including hypertension, diabetes, or nephropathy. One woman who developed
pregnancy-induced hypertension was excluded from the analyses. The remaining 24 women
had uncomplicated pregnancies.

The Human Research Committee at the Brigham and Women’s Hospital approved the study
protocol, and all women provided informed written consent prior to participation. Pre-
pregnancy weight, height, and normal blood pressure measurements before enrollment were
confirmed by investigator review of prenatal medical records. The subjects underwent the
study protocol between 19 and 23 weeks GA in the second trimester and between 32 and 37
weeks GA in the third trimester. The postpartum studies were performed between 6 weeks
and one year after delivery, and none of the subjects was pregnant at the time of the
postpartum study. One subject declined participation in the saline infusion study protocol
and a second subject was unable to return for the postpartum studies. In addition, three
subjects had begun oral contraceptive use at the time of the postpartum study and their data
were examined separately to identify any potential impact on the statistical analyses.

Posture Study

Prior to the study, women were placed on a standardized diet for 2 days containing 100
mEqg/day of sodium and 100 mEg/day of potassium. On the second of these days, a 24-hour
urine collection was obtained and analyzed for volume, sodium, potassium, creatinine,
epinephrine, norepinephrine, and dopamine. On the morning of the third day, the subjects
arrived at the General Clinical Research Center (GCRC) and were provided a breakfast
standardized for sodium and potassium. An intravenous catheter was placed in each arm:
one for blood drawing and the second for infusion, and the subject was instructed to remain
upright (sitting) for 30 minutes. At the end of this time, blood was drawn for PRA,
aldosterone, epinephrine, norepinephrine, dopamine, and cortisol. The subject then assumed
the left lateral decubitus (LLD) position and, after 60 minutes, blood was re-drawn for these
same hormones. Blood pressure was measured using a Dinamap™ automated blood pressure
monitor (Critikon, Inc., Tampa, FL) in the upright position and the end of the 30 minutes (in
the LLD position). The LLD time point served as the “baseline” time point both for the
posture and saline studies.

Saline Study

While remaining in the LLD position, 0.9% NaCl was infused at a rate of 500 mL/hour for 3
hours. Blood was drawn and assayed for sodium, creatinine, potassium, PRA, aldosterone,
cortisol, and DLF at time 0 and 180 minutes. Blood pressure was measured at baseline and
end of infusion using a Dinamap™ automated blood pressure monitor (Critikon, Inc.,
Tampa, FL).

Laboratory Assays

Blood samples were placed immediately on ice and centrifuged in a refrigerated centrifuge
at 2000 RPM for 15 minutes (4°). The plasma was then frozen at =70°C until assays were
performed. Autoanalyzers were used to measure urine and plasma sodium, potassium (Nova
1; Nova Biomedical, Waltham, MA) and creatinine (Beckman Creatinine Analyzer II,

Hypertens Pregnancy. Author manuscript; available in PMC 2015 June 06.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bentley-Lewis et al.

Page 4

Beckman Instruments, Fullerton, CA). The PRA was determined by the GammaCoat® [1125]
Plasma Renin Activity Radioimmunoassay (RIA) Kit following the manufacturer’s protocol
(Diasorin, Inc., Stillwater, MN). The Aldo was determined by the Coat-a-Count®
Aldosterone RIA following the manufacturer’s protocol (Diagnostic Products Corporation,
Los Angeles, CA). Cortisol assessment was performed according to the manufacturer’s
protocol using the GammaCoat® [1125] Cortisol RIA Kit (Incstar Corporation, Stillwater,
MN).

The blood for catecholamines was collected in 5 mM solution of EGTA/reduced glutathione.
The plasma catecholamines were assayed using a modification of the method described by
Peuler and Johnson (30). The urine catecholamines were assayed using high-performance
liquid chromatography analysis. DLF was measured as the percent inhibition of [Na, K]
ATPase hydrolytic activity as described by Graves et al. (27).

Statistical Analysis

RESULTS

The SPSS version 9.0.0 for Windows (1989, Chicago, IL) statistical package was used to
perform these analyses. Data are expressed as the mean + standard error of the mean (SEM).
A p value < 0.05 was considered statistically significant. The data were tested for normal
distribution using the Shapiro-Wilk Test.

The mean differences in posture study parameters (change from the LLD to the upright
position) or saline study parameters (baseline to end of infusion) were compared using the
Student’s paired samples t test for normally distributed data; otherwise, the Wilcoxon Rank
Sum Test was used. Comparisons of second trimester, third trimester, and postpartum data
were made using the General Linear Model repeated measures analysis with post hoc
pairwise comparisons tested using Fisher’s protected least square difference when
Mauchley’s W p value was insignificant; otherwise, Bonferroni adjustments were made
when Mauchley’s Test of Sphericity was violated. The multiparous versus nulliparous
groups and the lactating versus non-lactating groups were compared using the Student’s
independent samples t test. Two methods of comparing the data were used to address the
potential confounding of comparing data with different baselines: the absolute value was
used when comparing the numerical data; and the percent change was used to examine the
PRA and Aldo relationship, and it was calculated as the baseline value minus the endpoint
value then this difference was divided by the baseline value.

Subject Demographics

The demographic data of the 24 subjects are summarized in Table 1. The majority of the
subjects were Caucasian and all had singleton pregnancies. Of the 24 women who were
studied postpartum, 9 were breastfeeding, 9 had resumed menses, and 3 were using oral
contraceptives. The nulliparous (n = 15) and multiparous (n = 9) subjects were compared
and the baseline demographic and clinical characteristics between the groups did not differ
(data not shown). There were also no statistically significant differences among the
hormonal parameters based on parity, so the nulliparous and multiparous subjects’ data were
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combined and analyzed as one group. In addition, the women who were lactating postpartum
(n = 9) were compared against those who were not lactating (n = 15) and no significant
differences were observed on RAAS measurements between the two groups (data not
shown).

The women who were using oral contraceptives at the time of the postpartum study (n = 3)
had completed one cycle of pills or less at the time of study. The distribution of these
subjects” RAAS hormone data was examined and was found to overlap the data obtained
from the other subjects. The RAAS hormone analyses were also performed with and without
these women included in the analyses and the results were not significantly different.
Subsequently, these women’s data were maintained in the postpartum analyses to preserve
uniformity of the comparisons across the three study periods.

24-Hour Urine Collection

The sodium content was evaluated in the context of the uniform dietary intake of 100 mEq
of sodium for the 2 days prior to the study. All of the subjects were determined to be in
sodium balance because the mean content of urinary sodium in each study period did not
differ significantly from the 100 mEq of sodium ingested: second trimester (2T), 97 £ 7;
third trimester (3T), 101 + 7; postpartum (PP), 91 £ 6 mEq (Table 2). Urine potassium and
creatinine were both greater during pregnancy than postpartum, with third trimester values
greater than second trimester values in each instance. Norepinephrine values were
significantly greater in pregnancy (2T, 44 + 6 pg/mL, p < 0.05; 3T, 35 + 4 pg/mL, p = 0.05)
than postpartum (PP, 28 + 4 pg/mL), while epinephrine and dopamine values were not
significantly different across study periods.

Posture Study

LLD data are shown in Table 3 and the data after upright posture are shown in Table 4.
There were no significant differences in the systolic blood pressure (SBP) across pregnancy
and postpartum periods, and the SBP and diastolic blood pressures (DBP) both significantly
decreased when the subjects changed from the upright position to LLD within each study
period (p < 0.001).

PRA and Aldo were higher in the LLD position during pregnancy (2T: PRA, 9.2 + 1.1;
Aldo, 55.1 + 5.0 ng/mL; and 3T: PRA, 14.2 + 2.3; Aldo, 81.0 = 6.8 ng/mL) compared to
postpartum (PRA, 2.0 £ 0.3; Aldo, 14.7 £ 1.9 ng/mL; p < 0.05 for pregnancy vs.
postpartum). Both PRA and Aldo were higher in the upright than the LLD positions during
pregnancy (2T: PRA, 11.9 + 1.6; Aldo, 73.2 £ 6.3 ng/mL; and 3T: PRA, 15.0 = 2.2; Aldo,
112.7 + 8.6 ng/mL) and postpartum (PRA, 2.8 + 0.4; Aldo, 19.4 + 2.6 ng/mL; p < 0.001 for
pregnancy vs. postpartum). Because PRA and Aldo basal values differed dramatically in
pregnancy compared with the postpartum period, we calculated the percent change for both
PRA and Aldo to compare across study periods (Fig. 1). The percent change was calculated
as the baseline value (LLD) minus the endpoint value (upright), then this difference divided
by the baseline value (LLD). The percent change in PRA was greatest in the postpartum
state, reaching statistical significance when compared to the third trimester (2T, 39.4 + 5.5;
3T, 24.7 £5.1; PP, 43.3 £ 5.8%; 3T vs. PP, p < 0.05). The percent change in Aldo was
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greatest in the second trimester (62.6 + 3.1%) compared with the third trimester (52.3 £
3.4%, p < 0.05) or postpartum (44.8 £ 9.0%, p = 0.15). Furthermore, the magnitude of the
percent change in Aldo was significantly greater than the magnitude of the percent change in
PRA (p < (0.001) during both second and third trimesters. During the postpartum period, the
percent change in Aldo was similar to that in PRA (p = 0.89).

The plasma catecholamine data demonstrated that, at baseline in LLD position,
norepinephrine values were higher during pregnancy (2T, 239.3 £ 31.2; 3T, 172.2 + 21.9
pg/mL) than postpartum (147.7 + 18.8 pg/mL; p < 0.05 for both comparisons) with 2T
significantly greater than 3T (p < 0.05). Epinephrine values at baseline were similar during
pregnancy (2T, 13.7 £ 1.7; 3T, 9.6 + 1.5 pg/mL) and postpartum (PP, 12.1 + 2.4 pg/mL) but
were significantly lower 3T than 2T in both LLD and upright positions (p < 0.01 for both
comparisons). The dopamine LLD position values were also similar during pregnancy and
postpartum (2T, 21.6 + 3.8; 3T, 34.8 + 6.9; PP, 30.1 + 6.8 pg/mL), with the 3T difference
significantly greater than 2T (p < 0.05).

Norepinephrine was higher in upright than in the LLD position in each study period,
significantly during 3T and PP (2T, 264.4 £ 26.2, p = 0.27; 3T, 269.9 + 31.1, p < 0.0001;
PP, 193.9 + 11.5 pg/mL, p < 0.05). Epinephrine was significantly higher in the upright than
in the LLD position in each study period (2T, 24.7 £ 2.7; 3T, 16.6 = 1.8 pg/mL; p < 0.0001),
and the postpartum period (PP, 25.0 + 6.6 pg/mL; p = 0.015). Although the dopamine levels
were greater in the upright (2T, 25.3 £ 3.5; 3T, 44.7 £ 10.7; PP, 47.1 + 14.1 pg/mL) than in
the LLD position (2T, 21.6 + 3.8; 3T, 34.8 £ 6.9; PP, 30.1 + 6.8 pg/mL) in each study
period, these differences were not statistically significant.

The cortisol values during pregnancy were significantly greater compared to those
postpartum (2T vs. PP and 3T vs. PP, p < 0.0001), and they were all significantly higher in
the upright (2T, 28.6 + 1.5; 3T, 32.1 + 1.2; PP, 16.0 + 1.8 pg/dL) than in the LLD position
sampled one hour later (2T, 24.7 £ 1.5; 3T, 27.5+ 1.0; PP, 12.6 + 1.6 pg/dL; p < 0.0001 for
all comparisons).

Saline Study

There were no significant differences in either SBP or DBP from baseline to the end of the
saline infusion during any of the three study periods (Table 5). Both PRA and Aldo
demonstrated significant reductions in response to the saline infusion, with the greatest
decreases seen in pregnancy, notably the third trimester. When comparing across study
periods, the PRA level was greater during the 3T (4.6 + 1.2 ng/mL) compared to the 2T (2.8
+ 0.5 ng/mL, p =0.10) or PP (0.6 £ 0.1 ng/mL, p < 0.0001). The Aldo level in response to
saline was significantly greater during pregnancy: 3T (25.5 + 2.1 ng/mL) greater than either
the 2T (10.7 £ 0.8 ng/mL, p = 0.001) or PP (3.3 + 0.3 ng/mL, p < 0.0001).

The percent change during saline infusion was calculated as the baseline value (LLD) minus
the endpoint value (end of infusion), then this difference was divided by the baseline value
(LLD). When comparing the percent changes in PRA in response to the saline infusion, no
significant differences across study periods were observed (2T, 38.1 =+ 5.5; 3T, 45.3 + 3.0;
PP, 45.5 + 5.1%; Fig. 2). The percent change in Aldo was greater during pregnancy
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compared to postpartum, reaching statistical significance in the second trimester (2T, 55.1 +
2.3vs. 3T, 47.5 + 2.8%, p < 0.05) compared to postpartum (45.7 £+ 5.8%).

Serum DLF levels were slightly but insignificantly higher during pregnancy than postpartum
in the LLD position (2T, 4.5 +0.4; 3T, 4.8 £ 0.5; PP, 4.1 + 0.4% inhibition [Na, K]
ATPase). In response to saline infusion, the serum DLF values decreased during pregnancy
and were minimally increased in the PP period. The post-infusion values were significantly
lower in the 2T (3.3 £ 0.5%) than the 3T (4.1 £ 0.4%, p < 0.05) and the PP value (4.4 +
0.6%, p < 0.05).

Cortisol levels were greater during pregnancy (2T, 13.0 £ 0.9; 3T, 16.7 £ 0.8 ug/dL)
compared to postpartum (5.6 + 0.5 pug/dL, both p < 0.001) after saline infusion. Cortisol
decreased significantly from baseline to the end of the saline infusion 3 hours later during
each study period (p < 0.001 for all periods).

DISCUSSION

Each evaluation of the RAAS was conducted with women in sodium balance on an
intermediate sodium intake as low or high sodium intake would confound interpretation
because it would stimulate or suppress the RAAS, respectively. In addition, this study was
longitudinal, where each of the subjects served as her own control during pregnancy and the
postpartum period. We also assessed the RAAS simultaneously under both stimulation and
suppression. Furthermore, in an effort to explain the PRA-Aldo dissociation, we have
included the measurement of potassium, catecholamines, DLF, and cortisol (as a proxy for
ACTH activity). These factors have been shown to affect Aldo independently of the RAAS.

This study demonstrates that PRA and Aldo were significantly greater during pregnancy
than postpartum. Moreover, the absolute and relative increases in Aldo were significantly
greater than those increases in PRA during pregnancy. As has been previously described
(13-15), we observed the PRA-Aldo dissociation with change from LLD to upright posture
during pregnancy evidenced by a greater change in Aldo relative to the change in PRA. Our
data demonstrated a significantly greater Aldo response in the third trimester compared to
the second trimester. This Aldo response contrasts the PRA postural responses during
pregnancy that were similar in both trimesters. In response to saline infusion, the
concentrations of PRA and Aldo, although higher in pregnancy than postpartum, decreased
significantly during each of the three study periods, demonstrating that these components of
the RAAS respond to suppression in both the pregnant and nonpregnant states. The
magnitude of the fall in these RAAS hormones was greater during pregnancy, particularly
during the third trimester, than during the postpartum period.

The PRA-Aldo dissociation of pregnancy was also evidenced during suppression, but we
observed statistical significance only during the second trimester. The percent change in
PRA did not differ among the three study periods. However, the percent change in Aldo was
significantly greater second trimester compared with third trimester and postpartum. In
addition, the second trimester PRA and Aldo percent changes during suppression were not
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significantly different from the second trimester PRA and Aldo percent changes observed
with the stimulation studies.

This study does not provide a definite physiological explanation for the greater Aldo
response for a given change in PRA during pregnancy, but several possibilities are raised. A
change in adrenal sensitivity to endogenous angiotensin Il (Angll) could explain the greater
Aldo response during pregnancy. For the vasculature, pregnancy has been shown to be a
state of relative Angll insensitivity (17, 31, 32). However, a dissociation of vascular and
adrenal responsiveness to Angll has been observed to occur in non-pregnant subjects on a
low-salt diet (33). A low-salt diet increases Angll levels resulting in a decrease in Angll
receptors in both the vasculature and adrenal gland. This down-regulation explains the
blunted pressor responsiveness to Angll on a low-salt diet. Conversely, a low-salt diet
stimulates aldosterone synthase leading to higher levels of Aldo. These effects lead to a
blunted pressor but a heightened Aldo response to Angll on a low-salt diet. However, in this
study, both pregnant and nonpregnant women were in 100 mEq sodium balance.
Nonetheless, other factors that are elevated in pregnancy may increase aldosterone synthase
activity, such as estradiol (34).

When analyzing other potential non-RAAS factors to explain the PRA-Aldo dissociation,
we observed that DLF demonstrated a pattern that paralleled the Aldo levels in that it was
higher during pregnancy than during the postpartum period. DLF appears to have the ability
to increase Aldo (35, 36); however, the precise mechanism through which DLF exerts its
effect is unclear.

In addition, cortisol paralleled Aldo levels: increased during pregnancy, increased to a
greater degree with upright posture, and decreased with saline infusion. During the posture
study, the cortisol decrease is likely a consequence of its diurnal fall over the morning;
however, the levels were still higher during pregnancy than postpartum at comparable time
points. Aldo is stimulated by ACTH (25, 37), albeit a secondary influence compared to
Angll and potassium regulation. The increased cortisol levels we observed during
pregnancy, although in part due to increased level of cortisol binding globulin characteristic
of pregnancy, likely also reflect increased unbound cortisol. Data demonstrate that the
increase in ACTH during pregnancy reflects increased placental production of cortisol
releasing hormone (38). This increase in ACTH may result in augmented Aldo
responsiveness to changes in Angll and contribute to the PRA-Aldo dissociation observed at
baseline, with stimulation and, to a lesser degree, with suppression of the RAAS. Given the
limits of this study, we were not able to explore this possibility further.

The remaining non-RAAS factors measured did not explain the PRA-Aldo dissociation.
Prior studies on plasma catecholamines have been conflicting: observations have reported
unchanged (24, 39), increased (40), or decreased (22, 23) catecholamine levels during
pregnancy compared to nonpregnancy. We observed an increased plasma norepinephrine
during the second trimester of pregnancy at baseline and during posture study, which was
most pronounced during the third trimester. However, higher norepinephrine would be
expected to have a suppressive effect on Aldo given evidence that alpha-adrenergic activity
suppresses the RAAS (41). Although epinephrine and dopamine increased when moving
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from LLD to upright position, the values were not significantly different comparing
pregnancy to postpartum. Serum potassium levels were lower during pregnancy and did not
differ between trimesters despite the increased Aldo being markedly greater in the third
trimester, consistent with prior data (42). Consequently, serum potassium does not explain
the dissociation.

During the saline suppression study, plasma sodium and potassium concentration did not
change during any of the study periods. Cortisol decreased during the saline infusion, likely
reflecting diurnal changes. DLF decreased in response to saline infusion during pregnancy,
similar to PRA and Aldo. However, the DLF was significantly lower post-infusion in the
second trimester compared with the third trimester. Therefore, although the change in Aldo
that occurs with suppression in pregnancy could be entirely secondary to changes in PRA,
there is the possibility that DLF may play a role in the PRA-Aldo dissociation observed in
the second trimester.

In conclusion, PRA and Aldo increase with upright posture and decrease with saline
infusion during pregnancy in women in sodium balance. These responses are markedly
greater for Aldo and therefore not completely explained by changes in PRA. The
exaggerated Aldo response is likely due to non-RAAS regulatory factors, and ACTH and
DLF may be implicated. Additional examination of the PRA-Aldo dissociation may prove
beneficial in advancing our understanding of cardiovascular health and blood pressure
regulation in normal and hypertensive pregnancy.
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RAAS in Posture Study

Percent Change (%)

Study Period

Figure 1.
RAAS in posture study. Percent increase when changing from LLD to upright posture

among the RAAS hormones. *Aldo v PRA, p < 0.0001. Across study periods, the % change
in PRA was greater postpartum than during pregnancy (3T v PP, p < 0.05) but Aldo was
greater during pregnancy compared to postpartum (2T v 3T, p < 0.05; 2T v PP, p = 0.15).
Within study periods, the % change in Aldo was greater than the % change in PRA during
both trimesters ( p < 0.0001). Postpartum the % change in Aldo was similar to the % change
in PRA.
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RAAS in Saline Study

Percent Change (%)

Study Period

Figure 2.
RAAS in saline study. Percent decrease when changing from baseline to end of saline

infusion among the RAAS hormones. *Aldo v PRA, p < 0.001. Across study periods, the %
change was similar for PRA. Aldo % change was greatest second trimester reaching
statistical significance compared to the third trimester ( p < 0.05). Within study periods, the
% change in Aldo was greater than the % change in PRA during both trimesters but only
reached statistical significance during the second trimester ( p < 0.01). Aldo was similar to
PRA during postpartum.
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Subject demographics.

All subjects (n = 24)

Age (years)

Nulliparous subjects (n)

Caucasian (n)

Pre-pregnancy weight (kg)
Pre-pregnancy body mass index (kg/m?)
Study date (weeks)

Second trimester

Third trimester

Postpartum

29+1

15

22
64.1+3.2
240+12

21.3+0.2
34.0+0.2
152+1.7

Data are mean + SEM.
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Baseline data—24-hour urine.

Table 2

Second trimester (2T)

Third trimester (3T)

Postpartum (PP)

Volume (mL) 1657 + 106"
Sodium (MEq) 97 £7
Potassium (mEQq) 67+3"
Creatinine (mg) 1125 + 39°

Norepinephrine (og/mL) 44 + 6*
Epinephrine (og/mL) 8+1
Dopamine (og/mL) 293 41

1766 + 142"
101+ 7

704"

1150 + 40”
35+4

5+0
240+ 21

1352 + 145

1031 + 46
28+4

5+0
251+ 36

Data are mean £ SEM.

*
p < 0.05 pregnancy vs. PP.
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Left lateral decubitus data-blood pressure/serum.

Table 3

Second trimester (2T)

Third trimester (3T)

Postpartum (PP)

SBP (mmHg)
DBP (mmHg)

PRA (ng/mL/hr)

Aldosterone (ng/dL)

Norepinephrine (og/mL)

Epinephrine (pg/mL)
Dopamine (pg/mL)

Cortisol (pg/dL)

DLFT % inhibition [Na, K]-ATPase

Na (mEq)
K (mEq)
Cr (mg)

94+2
50 + 21
92+11"
55.1+50%T

239.3+31.2°
13717

21.6+38"
247+15°
45104

138+ 0"

94+2
5342
142+23"
81.0+6.8
1722219
96+15
348+6.9

275+1.0"
48+05

93+2
52+2

20+03
147+1.9
147.7+18.8

121+24
30.1+6.8

126+ 1.6
41+04
141+0

44+0.1

Data are mean + SEM.

Tp <0.052T vs. 3T.

p < 0.05 pregnancy vs. PP.

Hypertens Pregnancy. Author manuscript; available in PMC 2015 June 06.

Page 16



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Bentley-Lewis et al. Page 17

Table 4

Data after upright posture (stimulation).

Second trimester (2T) Third trimester (3T)  Postpartum (PP)

Upright Upright Upright
SBP (mmHg) 109 + 2 108 + 3 102 +3
DBP (mmHg) 63+2 62+1 63+3
PRA (ng/mL/hr) 11.9+1.6™ 15.0+2.2°" 2.8+0.4
Aldosterone (ng/dL) 732 + .3** 1127 +86" %1 19.4+26
Cortisol (ug/dL) 28.6 + 1.5 32.1+1.2" 16.0+£1.8

Data are mean + SEM.

*

*
p < 0.001 pregnancy vs. PP.

Tp <0.052T vs. 3T.
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Data after saline infusion (suppression).

Table 5

Page 18

Second trimester (2T)

Third trimester (3T)

Postpartum (PP)

SBP (mmHg)
DBP (mmHg)
PRA (ng/mL/hr)

Aldosterone (ng/dL)

Cortisol (pg/dL)

DLF % inhibition [Na, K]-ATPase

Na (mEq)
K (mEq)

Cr (mg)

91+2
47+2

43+06"
10.7 +0.8%T
13.0£0.9%T
33+051

139 +0”
41401

97 +3
52+1

54+07"
255+2.1"
16.7+0.8"

41+04

139+0"

95+3
53+2
0.7+0.1

3.3+0.3
56+05

44+06

Data are mean + SEM.

*
p < 0.05 pregnancy vs. PP.

Tp <0.052T vs. 3T.

Hypertens Pregnancy. Author manuscript; available in PMC 2015 June 06.



