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ABSTRACT

Introduction We aimed to assess renin, aldosterone, and
cortisol in the early stages of pregnancy-induced hypertension
(PIH), i.e., at the time of diagnosis.

Methods During the postural test, we measured aldosterone,
renin [Liason DiaSorin Inc. (Italy)], as well as cortisol, sodium,
potassium, and 24-h urinary sodium and potassium excretion
in 62 women with newly diagnosed PIH, 70 healthy women
during the 3rd trimester of pregnancy, and in 22 healthy non-
pregnant women.

Results Inall groups, there was a significant increase in aldos-
terone and renin in upright versus supine posture (p<0.01).
Both supine and upright aldosterone concentrations were
higherin healthy pregnant women than in women with PIH and
the lowest in healthy not-pregnant [supine (median + intequar-
tile range): 25.04 £ 18.4 ng/dL, 18.03+12.58 ng/dL, and
7.48+4.78 ng/dL, p<0.001, upright: 31.60+21.32 ng/dL,
25.11£13.15ng/dL, and 12.4£12.4ng/dL, p<0.001, for
healthy pregnant, pregnant with PIH, and non-pregnant, re-
spectively]. Supine renin concentrations were higher only in
healthy pregnant (p<0.001), while in the upright position,
there was a difference only between healthy pregnant and
women with PIH (p=0.002). Both in supine and upright posi-
tions, there was no difference in the aldosterone-to-renin ratio
between healthy pregnant women and women with PIH,
though, in both groups, the ratio was higher than in non-preg-
nant women (p<0.001). Morning cortisol concentrations and
24-h urinary sodium excretion were lower in women with PIH
than in healthy pregnant (p<0.001, p=0.002, respectively).
Conclusion Hyperaldosteronism is not involved in the etiol-
ogy of PIH. In PIH, there is also a tendency towards lower so-
dium excretion and lower morning cortisol concentrations.


https://doi.org/10.1055/a-2025-0510
mailto:andrzej.lewinski@umed.lodz.pl

Introduction

Gestational hypertension (GH), also known as pregnancy-induced
hypertension (PIH), is the most common hypertensive disorder dur-
ing pregnancy, with a prevalence of about 10-15% [1]. PIH is de-
fined as systolic blood pressure (SBP)>140 mm Hg and diastolic
blood pressure (DBP)>90 mm Hg. It is classified as mild (SBP 140-
149 and DBP 90-99 mm Hg), moderate (SBP 150-159 and DBP
100-109 mm Hg), and severe (SBP =160 and DBP>110 mm Hg),
while risk factors include maternal comorbidities, such as chronic
kidney disease, hypertension and obesity, a family history of pre-
eclampsia, nulliparity or multiple pregnancies, and previous pre-
eclampsia or intrauterine fetal growth restriction [2]. Finally, pre-
eclampsia (PE) is defined as a new onset of hypertension after 20
weeks of gestation and proteinuria (=30 mg/mmolin the urine col-
lection or albumin/creatinine = 8 mg/mmol or dipstick reading=1)
[3]. Women who develop PIH are at increased risk of developing
PE; approximately 60 % who had GH before 28 weeks’ gestation de-
veloped PE, 26 % between 28-33 weeks, 27 % between 34-36
weeks, and 12 % after 37 weeks of gestation [4].

The etiology of PIH is not fully elucidated at its early stages,
though in more advanced diseases leading to PE, factors such as
shallow placentation (leading to decreased perfusion/ischemia, in-
creased oxidative stress, and defect in myometrial spiral artery re-
modeling), as well as increased circulating factors such as sFLT1
(soluble FMS-like tyrosine kinase-1, also known as soluble VEGF re-
ceptor 1) thus leading to decreased concentrations of available
VEGF and placental growth factor (PIGF), or increased concentra-
tions of an antiangiogenic soluble endoglin (sSENG) and have been
implicated [5].

Aldosterone concentrations are well recognized to be reduced
in PE [6], the same being true for angiotensin Il [7]. While factors
such as increased endothelin-1 and atrial natriuretic peptide may
contribute to decreased renin concentrations [8], it is not clear
whether these alterations fully apply to the early stages of PIH.

As both aldosterone and renin increase in an upright posture, a
single measurement, particularly in a supine position, may not be
enough to provide adequate insight into the activity of the angio-
tensin-renin-aldosterone system. Indeed, some authors [9] sug-
gest that taking samples following 2-4 h of an upright posture im-
proves diagnostic sensitivity.

In our study, we have therefore endeavored to assess aldoster-
one, renin, and cortisol secretion during the postural test at the
time of diagnosis of pregnancy-induced hypertension to address
the question of whether alterations of aldosterone and/or cortisol
secretion might be involved in the pathogenesis of PIH.

Materials and Methods

The studyincluded 154 women categorized into three groups, i. e.,
70 healthy pregnant euthyroid women aged 30.73 £4.51
(mean £SD) years (range 22-42 years), at 32.38 £4.25 weeks of
gestation (range 27-40 weeks), 62 women with PIH aged
30.4+5.71 years (range 19-44), at 32.22 +3.96 weeks of gestation
(range 26-40 weeks), and 22 healthy non-pregnant women aged
33.08+8.72 years, ranging from 19 to 44 years. All subjects were
admitted to the Polish Mother’s Memorial Hospital - Research In-
stitute for at least 24 h prior to testing and received an identical
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standard hospital diet. According to the current guidelines [1, 10],
the acceptable upper limit of blood pressure was 140/90 mm Hg,
though in practice mean blood pressure of our healthy pregnant
women was about 110-120/60-80 mm Hg. In contrast, in women
with PIH, average blood pressure (prior to the initiation of treat-
ment) was within the range of 148-160/90-100 mm Hg.

Exclusion criteria were as follows: lack of informed consent,
presence of proteinuria, race other than Caucasian, presence of
more than two fetuses, ectopic pregnancy, age less than 18 years,
any chronic diseases (such as asthma, hypothyroidism) that re-
quired continuous medication, and previously diagnosed essential
hypertension or secondary hypertension other than PIH.

Investigations of all subjects with PIH were performed at the
time of diagnosis, i. e., before starting any medication. The study
has been approved by the Ethics Committee of the Polish Mother’s
Memorial Hospital Research Institute, decision no. 67/2017.

Aldosterone was measured by an automated chemilumines-
cence immunoassay (Liason DiaSorin Inc., Italy), where intraassay
variationis 3.5% at 6.8 ng/dL and 1.8 % at 28.8 ng/dL, respectively.
The total coefficient of variation was 9.5 % at 6.8 ng/dLand 5.6 % at
28.8 ng/dL. Manufacturer reference for non-pregnant subjects is
as follows: aldosterone supine 1.17-23.6 ng/mL, aldosterone up-
right 2.21-35.3 ng/mL.

Direct renin was measured by an immunoassay (Liason DiaSor-
inInc., Italy), where intraassay variation was 12.4 % at 13.2 ylU/mL
and 4.7 % at 260.3 plU/mL, respectively. Total coefficient of varia-
tionwas 0.6 % at 13.2 ylU/mLand 1.7 % at 260.3 plU/mL. Manufac-
turer reference for renin for non-pregnant subjects is as follows:
renin supine 2.8-39.9 plU/mL, renin upright 4.4-46.1 plU/mL.

The study protocol was as follows: fasting blood samples were
taken at about 6-7 am in a supine position, and the patient was
subsequently asked to remain out of bed and preferably go for a
walk for about 120 min after they had been seated for about 5 min.
The following parameters were assessed: sodium, potassium, cre-
atinine, urinary sodium, and potassium concentrations, 24 h sodi-
um and potassium excretion, thyroid stimulating hormone (TSH;
once only), aldosterone, renin, and cortisol (supine and upright po-
sitions). Furthermore, in view of the data that SUSPPUP ratio cal-
culated as serum sodium (mmol/L): urinary sodium (mmol/L)/
[serum potassium (mmol/L)]%: urinary potassium (mmol/L) as well
as SUSPUP ratio, calculated as serum sodium (mmol/L): urinary so-
dium (mmol/L)/serum potassium (mmol/L): urinary potassium
(mmol/L), are useful in the assessment of patients with primary hy-
peraldosteronism [11], we calculated the above parameters in
healthy pregnant women and women with PIH.

Taking into account the well-known effects of pregnancy on con-
centrations of cortisol-binding globulin, we concluded that com-
parison of cortisol concentrations to healthy non-pregnant sub-
jects would not provide any novel data; therefore, cortisol concen-
trations were measured in pregnant subjects only. Total cortisol
and TSH were measured by ECLIAimmunoassay on Cobas e601 an-
alyzer (Roche platform).

Statistical analysis

Statistical analysis was performed using MedCalc Software 12.6.1.
The reference interval was calculated using the non-parametrical
percentile method. Normal distribution was tested using the
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D’Agostino-Pearson test. Comparison between the two groups was
performed by the Mann-Whitney-U test, while the comparison of
all three groups was performed by the Kruskall-Wallis H test. P-val-
ues of 0.05 were considered to indicate statistical significance.

Results

There were no significant differences in age (years) or the age of
the pregnancy (in weeks) between healthy pregnant women and
women with PIH.

Supine aldosterone concentrations (> Table 1) were the highest
among healthy pregnant women (median *intequartile range):
25.04+18.4ng/dL, 18.03+12.58 ng/dL, and 7.48 +4.78 ng/dL for
healthy pregnant, women with PIH, and healthy non-pregnant, re-
spectively, and were significantly higher than in women with PIH
(p=0.005), and healthy non-pregnant (p<0.001). Furthermore,
women with PIH had higher aldosterone concentrations than healthy
non-pregnant women (p<0.001). A similar situation was observed
in an upright posture (aldosterone upright: 31.60 £21.32 ng/dL,
25.11+£13.15ng/dL, and 12.4+12.4ng/dL for healthy pregnant,
women with PIH, and healthy non-pregnant women, respectively),
where for healthy pregnant versus PIH: p=0.004, healthy pregnant
versus non-pregnant: p<0.001, and PIH versus non-pregnant:
p=0.002. In all groups, there was a significant increase in aldoster-
one concentrations after a period of ambulation (supine versus up-
right, p<0.01).

Supine renin concentrations (> Table 1) were the highestin the
healthy pregnant group (20.23+14.13 plU/mL, 12.84+8.50 plU/
mL, and 14.7 £12.23 plU/mL, for healthy pregnant, women with
PIH, and healthy non-pregnant, respectively), where significant dif-
ferences were noted between healthy pregnant women and those
with PIH (p<0.001), and healthy pregnant and healthy non-preg-
nant women (p =0.024), but there were no significant differences
in supine renin concentrations between women with PIH and
healthy non-pregnant women (p=0.99). Upright renin concentra-
tions (29.54 +£22.02 plU/mL, 19.65+10.95 plU/mL, and
30.76 £26.52 plU/mL, for healthy pregnant, women with PIH, and

healthy non-pregnant women, respectively) were significantly
higher in healthy pregnant women in comparison to women with
PIH (p=0.002), but there were no significant differences between
healthy pregnant and healthy not-pregnant (p=0.98) and women
with PIH versus healthy non-pregnant women (p=0.058). Again,
in all groups, there was a significant increase in aldosterone con-
centrations after a period of ambulation (supine versus upright,
p<0.01). In contrast, there was no significant change in cortisol
(supine versus upright, p=0.46); however, both in supine and in
upright positions, cortisol concentrations were higher in healthy
pregnant women than in women with PIH (supine cortisol:
28.38+12.65pg/dL versus 21.31£8.14 ug/dL, upright cortisol:
32.29+12.43 pg/dLversus 21.9+8.61pg/dL, p<0.001, for healthy
pregnant and women with PIH, respectively).

Analysis of the aldosterone-to-renin ratio is presented in > Table 2.
In all groups, there was no significant change in the aldosterone-
to-renin ratio after the period of ambulation (supine versus up-
right). In both healthy pregnant and in women with PIH, the aldos-
terone-to-renin ratio was higher than in healthy non-pregnant
women (p<0.001), but there were no differences in the aldoster-
one-to-renin ratio between healthy pregnant women and women
with PIH (p=0.57).

Analysis of serum sodium, potassium, 24-h urinary excretion of
sodium and potassium, as well as SUSPUP and SUSPPUP ratio are
presented in » Table 3. There were no significant differences in
serum sodium and potassium between healthy pregnant women
and women with PIH. There was also no significant difference in
24-h potassium excretion (p=0.083). Women with PIH, however,
demonstrated lower 24-h sodium excretion (11516 mmol/24 h
versus 135+50mmol/24 h, p=0.002, for medians, forwomen with
PIH and healthy pregnant women, respectively). There was, how-
ever, no significant difference both in SUSPUP and in SUSPPUP ra-
tios (> Table 3, p=0.36 and p=0.35, respectively). Given the lack
of any difference in serum sodium and an identical diet during the
hospital stay, thus ensuring a similar sodium intake, this may indi-
cate that women with PIH demonstrate a tendency towards aldos-
terone-independent sodium retention.

> Table 1 Comparison of supine and upright aldosterone, renin, and cortisol concentrations during postural test between three investigated groups.
Aldosterone and renin concentrations were higher in upright vs. supine position in all groups (p<0.01), and were significantly higher in healthy pregnant

women than in other groups (p<0.001).

Healthy pregnant (n=70) Pregnant with PIH (n=62) Healthy non-pregnant (n=22) p-value

Mdn | 10R Mdn | 10R Mdn | I10R
Supine
Aldosterone [ng/dL] # 25.04 18.40 18.03 12.58 7.48 4.78 <0.001
Renin [plU/mL] # 20.23 14.13 12.84 8.50 14.7 12.23 <0.001*
Cortisol [ug/dL]# 28.38 12.65 21.31 8.13 - - <0.001
Upright
aldosterone [ng/dL] # 31.60 21.32 25.11 13.15 12.4 10.16 <0.001
renin [plU/mL] # 29.54 22.02 19.65 10.95 30.76 26.52 0.001**
cortisol [ug/dL] # 32.29 12.43 21.90 8.61 - - <0.001
Mdn - median; IQR - intequartile range; p - test probability.; #comparative analysis between two groups performed by Mann-Whitney-U test; *p-values
for supine renin: heathy pregnant vs. women with pregnancy-induced hypertension (PIH) (p<0.001), and healthy pregnant vs. healthy non-pregnant
(p=0.024), women with PIH vs. healthy non-pregnant (p=0.99) (Mann-Whitney-U test); * *p-values for upright renin: healthy pregnant vs. healthy
non-pregnant p=0.98, pregnant with PIH vs. heathy non-pregnant p=0.058, healthy pregnant vs. pregnant with PIH, p=0.002 (Mann-Whitney-U test).;
Conversion factor for aldosterone 1ng/dL=27.74 pmol/L, conversion factor for cortisol 1 ug/dL=27.59 nmol/L.
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> Table 2 Comparison of the aldosterone-to-renin ratio during postural test (supine and upright positions) between healthy pregnant women, women
with PIH, and healthy non-pregnant women.

Aldosterone[renin ratio | Healthy pregnant (n=70) Pregnant with PIH (n=62) Healthy non-pregnant (n=22) p-value
[ng/dLjulUjmL] Mdn IQR Mdn IQR Mdn IR

Supine 1.36ns 0.90 1.17ns 0.82 0.66 0.34 <0.001
Upright 1.31ms 1.40 1.17ns 0.87 0.52 0.26 <0.001

Mdn - median; IQR - intequartile range; p - test probability.; ™ - not significant in comparison to women with pregnancy-induced hypertension (PIH)
(Mann-Whitney-U test); In both healthy pregnant and in women with PIH, aldosterone-to-renin ratio was higher than in healthy non-pregnant women

(p<0.001)

> Table 3 Comparison of serum sodium and potassium, urinary 24-h urinary sodium and potassium excretion, and SUSPUP and SUSPPUP ratios in healthy

pregnant women and in women with pregnancy-induced hypertension (PIH; Mann-Whitney-U test).

Healthy pregnant (n=70) Pregnant with PIH (n=62) P-value
Mdn | I0R Mdn | 10R
SERUM
K [mmol/L] 4.20 0.40 4.10 0.31 0.23
Na [mmol/L] 137.00 2.00 137.00 2.00 0.81
URINE
K [mmol/24h] 46.10 18.98 44.98 13.67 0.083
Na [mmol/24h] 136.00 50.00 115.00 16.00 0.002
SUSPUP ratio 11.06 7.7 12.53 3.61 0.36
SUSPPUP ratio 2.63 1.76 2.99 0.94 0.35

Mdn - median; IQR - intequartile range; P - test probability; SUSPUP: serum sodium (mmol/L): urinary sodium (mmol/L)/serum potassium (mmol/L):
urinary potassium (mmol/L); SUSPPUP: serum sodium (mmol/L): urinary sodium (mmol/L)/[serum potassium (mmol/L)]2: urinary potassium (mmol/L).

Discussion

In our study, we have conclusively shown that hyperaldosteronism
does not appear to be a driving force for the development of PIH,
even at its early stages. Furthermore, we report that despite de-
creased aldosterone and renin concentrations in PIH, there is in-
deed no change in the aldosterone-to-renin ratio, though it re-
mains higher than in healthy non-pregnant women. These data in-
dicate that the renin-aldosterone system appears to be suppressed
in PIH, possibly as an adaptive mechanism in the setting of a ten-
dency for sodium retention and volume expansion.

The causes for the above-described phenomenon remain yet to
be elucidated. It should be mentioned, however, that conditions
associated with low renin hypertension, such as Liddle syndrome
or apparent mineralocorticoid excess, have been excluded on clin-
ical grounds as only healthy and previously normotensive women
were recruited into the study, though non-classical forms of an ap-
parent mineralocorticoid excess have been recently described [12].

Adlin etal. [13] described a bimodal aldosterone distribution in
low-renin hypertension. They concluded that there are two patho-
physiological variants of low renin hypertension, one that is aldos-
terone-dependent and one that is non-aldosterone-dependent.
The latter notion clearly raises an issue of whether there might be
a different (weak) mineralocorticoid other than aldosterone as a
causative factor for some cases of low renin hypertension. Such a
hypothesis had certainly been raised quite a while ago [ 14, 15], but,
so far, it has not been conclusively confirmed. In the context of our
study, we have to limit the interpretation of our findings to param-
eters that we have actually measured, though we suggest that as-
sessment of a urinary steroid profile by the mass spectrometry

method might provide more insight into the minutes of steroid
metabolism in PIH. Indeed, the mass spectrometry method has al-
ready been employed to assess steroid metabolism in non-preg-
nant subjects [12].

Willenberg et al. [11] and Kanaan et al. [16] demonstrated in-
creased SUSPUP and SUSPPUP ratios in patients with primary hy-
peraldosteronism. In such a setting, the lack of any significant dif-
ferences in SUSPUP and SUSPPUP ratios (p=0.36 and 0.35, respec-
tively) also confirms, in our opinion, that hyperaldosteronism does
not seem to play a significant role in the development of PIH.

Relative suppression of aldosterone was observed in PIH
[17,18], and there was also no significant increase in renin com-
pared to non-pregnant subjects [19]. However, in contrast to our
findings, Brown et al. [17] reported an increase in aldosterone-to-
renin ratio (PIH 411 (range 277 to 598) versus normal pregnancy
195 (range 158-337), p<0.001), while the study of Elsheikh et al.
[19], involved measurements of plasma renin activity, rather than
direct renin, and comparative analyses in the above study included
relatively small subgroups (e. g., only 16 normotensive versus 6 hy-
pertensive women in the 1st trimester, 14 versus 10 in the 2" and
15 and 12 in the 31 trimester, as well as 12 normotensive and 12
hypertensive non-pregnant women). Furthermore, the authors’
conclusion that “aldosterone biology seems to be directly or indirect-
ly involved in the etiology of gestational hypertension” was based pri-
marily on a comparison of 12 women with PIH versus 12 non-preg-
nant hypertensive women (i. e., non-pregnant women with essen-
tial hypertension), that is not comparable to groups analyzed in our
study (i. e., healthy pregnant versus pregnant with PIH and healthy
non-pregnant women). It is also worth noting that, in contrast to
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studies listed above, we assessed renin and aldosterone at the early
stages of PIH, i. e., before any medication was started, and we used
a postural test to improve the validity of our findings. It should be
mentioned that the postural test was not considered necessary in
the diagnosis of primary hyperaldosteronism in the setting of the
availability of an adrenal vein sampling, but recently it has turned
out to be the opposite, as the test not only provides more insight
into the renin aldosterone system but also appears to increase di-
agnostic sensitivity [20, 21]. Hence, in our opinion, we provide
more valid data on what actually takes place in pregnancy as we
demonstrate what happens to aldosterone and renin in women
with PIH both in the supine and upright positions, thus mimicking
the real physiology (day - predominantly upright versus night -
predominantly supine). Indeed, very few studies in PIH involved a
formal assessment of aldosterone and renin response to postural
stimuli in patients with PIH. Fagundes et al. [22], failed to notice
any postural response in the renin-angiotensin-aldosterone sys-
tem, but their study was based on data from only ten women with
PIH, in contrast to a much larger cohort (n=62) in our study.

Though assessment of aldosterone and renin secretion might
be potentially better assessed by mass spectrometry method, we
need to mention that our study was performed by a modern and
validated chemiluminescence assay (Liason DiaSorin Inc., Italy) that
was used in several important recent studies on the renin-aldos-
terone system [23-25].

Interestingly, lower aldosterone concentrations in women with
PIH compared to that in healthy pregnant women might not nec-
essarily represent a satisfactory phenomenon. Birukov et al. [26]
demonstrated that urinary aldosterone excretion at gestational
week 29 independently contributed to placental and birth weights
(adjusted B-coefficients [95 % Cl], 24.50 [9.66-39.35] and 9.59
[4.57-14.61], respectively), and suggested that suppression of al-
dosterone in pregnancy may have adverse trophic effects.

A healthy pregnancy is a state of hyperactivity of the hypotha-
lamic-pituitary-adrenal axis and of hypercortisolism, while the pla-
centa remains an important source of corticotropin-releasing hor-
mone [27]. Our study demonstrated lower cortisol concentrations
in women with PIH compared to healthy pregnant women at the
time of peak cortisol secretion (i. e., in the morning hours). This
might indicate that hypercortisolemia does not seem to significant-
ly contribute to the pathogenesis of PIH. This is interesting given
that in pre-eclampsia, the activity of placental 11B-hydroxysteroid
dehydrogenase type 2 (that converts cortisol to inactive cortisone)
is decreased [28], but despite this, an overall increased metabolism
of cortisolin PIH has been described [29]. As a result, reduced cor-
tisol concentrations were described both in pre-eclampsia and PIH
[30]. It should be noted, however, that our study was not primarily
designed to study cortisol metabolism in PIH, while a full assess-
ment of cortisol secretion should also involve assessment of 24-h
urinary free cortisol, so our data on partial suppression of morning
cortisol concentrations of women with PIH cannot be automatical-
ly extrapolated to 24-h cortisol excretion. Hence, without a formal
assessment of 24-h urinary cortisol excretion, it is not possible to
conclude whether overall cortisol secretion is indeed altered in
women with PIH.

Brown et al. [17] also reported lower 24-h urinary sodium ex-
cretion in women with PIH. The cause of this phenomenon remains
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to be elucidated, but in the setting of an identical hospital diet, we
can raise a hypothesis, that it might be caused by a form of aldos-
terone-independent sodium retention. This hypothesis, however,
requires further study.

In summary, we demonstrated retained postural responses for
aldosterone and renin in healthy pregnant women and women with
pregnancy-induced hypertension. Though aldosterone concentra-
tions increase both in healthy pregnant women and women with
PIH, a significantincrease in renin is observed only in healthy preg-
nant women and in the supine position only. Furthermore, both
the renin-aldosterone system and morning cortisol appear to be
suppressed in PIH in comparison to healthy pregnant women.
Hence, in our opinion, both hyperaldosteronism and hypercorti-
solemia seem unlikely to contribute to the pathophysiology of PIH.
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