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Abstract 

Background Pregnancy is characterized by profound circulatory changes and compensatory adjustments 
in the renin‑angiotensin‑aldosterone system (RAAS). Differences in regulatory response may antedate or accompany 
vascular complicated pregnancy. We performed a systematic review and meta‑analysis to delineate the trajectory 
of active plasma renin concentration (APRC) in healthy pregnancy and compare this to complicated pregnancy.

Methods We performed a systematic review and meta‑analysis on APRC during normotensive and hypertensive 
pregnancies, using PubMed (NCBI) and Embase (Ovid) databases. We included only studies reporting measurements 
during pregnancy together with a nonpregnant reference group measurement. Risk of bias was assessed with QUIPS. 
Ratio of the mean (ROM) and 95% confidence intervals (CI) of APRC values between pregnant and nonpregnant 
women were estimated for predefined intervals of gestational age using a random‑effects model. Meta‑regression 
was used to analyze APRC over time.

Results In total, we included 18 studies. As compared to nonpregnant, APRC significantly increased as early 
as the first weeks of healthy pregnancy and stayed increased throughout the whole pregnancy (ROM 2.77; 95% CI 
2.26–3.39). APRC in hypertensive complicated pregnancy was not significantly different from nonpregnancy (ROM 
1.32; 95% CI 0.97–1.80).

Conclusion Healthy pregnancy is accompanied by a profound rise in APRC in the first trimester that is maintained 
until term. In hypertensive complicated pregnancy, this increase in APRC is not observed.
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Background
The renin-angiotensin-aldosterone system (RAAS) plays 
an essential role in the regulation of blood pressure and 
fluid- and electrolyte balance. The first hormone in this 
cascade, renin, is predominantly released by the juxtaglo-
merular cells of the kidneys in response to a reduction 
in arterial pressure and/or the sodium load in the distal 
tubule (a reflection of reduced effective circulating vol-
ume) [1]. Renin converts angiotensinogen into angioten-
sin I, which is subsequently converted into angiotensin II 
(ANGII). This hormone induces systemic arterial vaso-
constriction and stimulates the release of aldosterone 
from the adrenal cortex. Aldosterone makes the renal 
tubules reabsorb sodium and with it, water into the blood 
vessels. Through this pathway, the RAAS controls blood 
volume and arterial blood pressure and is of major impor-
tance in the regulation of hemodynamic changes [1].

Healthy pregnancy is characterized by an significant 
drop in peripheral resistance leading to such hemody-
namic changes. To maintain a stable blood pressure, the 
maternal body increases the cardiac output by augmenta-
tion of the heart rate and stroke volume, and enhances 
fluid retention through activation of the RAAS [2]. Inad-
equate adaptation of these circulatory responses predis-
poses to gestational hypertensive complications [2–4]. 
As the RAAS is a major key modulator in hemodynamic 
regulation, understanding the circulatory changes during 
pregnancy and the contribution of RAAS is essential.

The change in renin concentration is likely to be of 
major importance during pregnancy, as it is the first step 
in RAAS activation. Several studies report an increase of 
the renin concentration during pregnancy from week five 
of gestation until term [5–7]. However, the course of the 
renin concentration throughout pregnancy is not known. 
Additionally, it is unclear to what extent an abnormal 
course of renin production is related to vascular malad-
aptation and thus gestational hypertensive disease. Pro-
found insight in the course of renin during pregnancy 
may be pivotal to understand the underlying physiology 
in adaptive and maladaptive pregnancy.

To this end, we performed a systematic review and 
meta-analysis to describe the physiological time course of 
active plasma renin concentration (APRC) during healthy 
pregnancy. In addition, we investigated the time course 
of APRC in hypertensive complicated pregnancy.

Methods
Our study followed the PRISMA guidelines for system-
atic reviews [8]. The study protocol was registered in the 
International prospective register of systematic reviews 
(registration ID: CRD42023442691) [9].

Literature search
We performed a systematic literature search to col-
lect published data on APRC during healthy and com-
plicated pregnancies. The search was conducted in 
PubMed and Embase to find relevant literature from 
inception to March 2023, using the following keywords: 
‘pregnancy’, ‘pregnancy induced hypertension (PIH)’, 
‘pre-eclampsia (PE)’, ‘HELLP syndrome’, ‘gestational 
diabetes’, ‘fetal growth restriction (FGR)’, ‘small for ges-
tational age (SGA)’, ‘RAAS’ and ‘renin’. There was no 
restriction based on publication date. The full search 
strategy is depicted in Appendix S1. The reference lists 
of reviews and included studies were searched to iden-
tify additional studies.

Study selection
Two authors (W.E.F. and M.R.) screened the articles 
individually and independently based on the title and/
or abstract and subsequently on full text. Any dis-
crepancies were resolved by mutual consensus. Stud-
ies were included if they reported APRC as mean with 
standard deviation (SD), standard error (SE), 95% con-
fidence interval (CI) or median and interquartile range 
(IQR) during healthy and/or complicated pregnancies. 
Studies were only included if they also measured the 
APRC in a reference group (≥ 6 weeks postpartum, 
before conception or in nonpregnant controls). The 
last postpartum measurement was used if studies 
reported more than one reference measurement post-
partum. Written in another language than English or 
Dutch, being a case report or a review, and having no 
full-text available were reasons for exclusion. In addi-
tion, articles only reporting on measurements from 
patients with pre-existing diabetes or cardiovascular 
disease were excluded. Studies were excluded if sub-
jects used medication or were subjected to an inter-
vention that could influence APRC at the time of the 
study. Iron and vitamins were considered not to influ-
ence APRC.

Data extraction
Data extraction was performed by two authors (W.E.F. 
and M.O.). We extracted the following characteristics 
from the included studies: study design, sample size and 
the method and circumstances of measuring APRC. 
Furthermore, information on age, weight, height, blood 
pressure, gravidity, parity, duration of pregnancy and 
APRC as mean or median (with SD, SE, 95% CI or IQR) 
was extracted from the pregnant and nonpregnant sub-
jects. Data presented in graphs were extracted with the 
use of software [10].
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Quality assessment
A quality assessment was performed by two independ-
ent reviewers (W.E.F and M.R.) with a self-adjusted 
version of the Quality In Prognosis Studies (QUIPS) 
tool to score the articles based on different domains 
(study participation, study attrition, variable measure-
ment, data reporting, and study design) [11], as can be 
seen in Table  1. A score of > 60% was defined as high 
quality, 30–60% as moderate quality and < 30% as low 
quality.

Data analysis
Data on plasma renin measurements during a healthy or 
complicated pregnancy were categorized into five dif-
ferent intervals for gestational age (5–14, 15–21, 22–28, 
29–35 and 36–41 weeks). We only included subgroups 
of more than 4 subjects. Data were documented as mean 
and SD. Values for APRC that were presented as 95% 
CI, SE or IQR were converted to SD. If the calculated 
skewness was < 0.5, medians and interquartile ranges 
were converted to means and SD using the method of 
Cochrane [12]; otherwise, the method of Hozo et al. was 
used [13].

The ratios of the means (ROMs) with the correspond-
ing 95% CI of the APRC values were estimated to assess 
the association between gestational age and APRC dur-
ing pregnancy as compared to non-pregnant values. The 
analysis was performed with a random effects model, 
with the restricted maximum likelihood (REML) estima-
tor for the between-study variance tau and the Hartung-
Knapp [14] adjustment to account for the limited number 
of studies. A clustering effect was added to account for 
the use of repeated measures at different gestational ages 
within studies. Some studies reported multiple results 
when they measured APRC with different methods or in 
different positions. In the main analysis, we only included 
the results corresponding to the setting and position that 
were most used in other studies. Sensitivity analyses were 
performed to evaluate the effect of the method of renin 
measurement, posture during sampling, moment of sam-
pling, outcome measure (mean or median), study quality 
and type of reference group. Heterogeneity between the 
studies was evaluated using the  I2 statistic.  I2 values of 
less than 25%, between 25 and 50% and more than 50% 
were considered as low, moderate or high heterogene-
ity respectively [15]. We evaluated potential presence of 
publication bias with a funnel plot in combination with 
the Egger regression test [16].

A meta-regression analysis was performed to assess 
the course of the ROMs of APRC over time during preg-
nancy as compared to nonpregnancy. We used a mixed 
effects model with a linear time trend, a REML estimator 

for tau, and study as clustering effect to account for the 
use of longitudinal repeated measures within studies.

The statistical analyses were carried out with the statis-
tical software R (version 4.1.3) [17] using the meta pack-
age [18] for the meta-analyses and the mixmeta package 
[19] for the meta-regression analysis with the clustering 
effect.

Results
Study and data selection
Our search resulted in 6717 articles before removing all 
duplicates, and 4114 articles after removal of duplicates, 
see Fig. 1. After title and abstract screening, 111 remain-
ing articles were assessed for eligibility. Studies were 
excluded if they did not report nonpregnant APRC ref-
erence values (n  = 40), had an unsuitable study design 
(n  = 35), presented unusable data (n  = 12), reported 
comorbidities (n = 3), were a duplicate (n = 2), or reused 
already published data (n = 1).

In total, 18 articles met the inclusion criteria and were 
included for final analysis [5, 7, 20–35]. The included 
studies reported APRC measurements mostly in women 
during a healthy and/or complicated pregnancy due to 
PIH and PE. Two studies also mentioned SGA in babies 
of women with a healthy [33] and preeclampsia preg-
nancy [30]. Unfortunately, we were unable to identify 
articles that reported APRC measurements in preg-
nancies with gestational diabetes or FGR. Our search 
strategy did not identify articles that measured APRC 
during the first and second trimester of complicated 
pregnancies. Hence, we only found studies reporting 
APRC measurements during 29–41 weeks of pregnancy 
in patients with PIH and PE.

Study characteristics
A general description of the study characteristics for 
both healthy and complicated pregnancies is given in 
Table S2.1 and S2.2, respectively. The study of Pedersen 
et  al. did not include information about the gestational 
age and parity. However, we were able to reconstruct 
this from another study of this group that used the same 
subjects [36]. One study did not provide the gestational 
age of the subjects [22], but mentioned that the pregnant 
women were in third trimester of pregnancy. Another 
study measured APRC between 30 and 36 weeks of gesta-
tion and had, therefore, two overlapping intervals [5]. We 
categorized the APRC levels of these studies in the inter-
val 29–35 weeks of gestation. Reference values for APRC 
were either nonpregnant control values (n = 9) or APRC 
measured prior to the pregnancy (n = 3) or postpartum 
(n = 6). The funnel plot (Fig. S3) and Egger’s regression 
test were not indicative of publication bias.
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Method and conditions of active renin measurement
The methods and circumstances of APRC measurements 
of the included studies are depicted in Table S2.3. Most 
studies measured APRC with an activity assay (n = 13), 
four studies used an immunoassay. One article reported 
that direct renin was measured. Therefore, we assumed 
that the immunoassay was used [29]. One study reported 
APRC measurements with both methods. For this study, 
we only included the APRC measured with an activity 
assay in the main analysis. The APRC measured with the 
immunoassay was included in the sensitivity analysis on 
type of renin assay. One article did not report the method 
of APRC measurement.

Most studies collected blood samples from partici-
pants in the lateral recumbency posture (n = 7). Four 
studies collected blood samples in the supine position, 
out of which two studies also collected blood samples 
when study subjects were tilted to 60 degrees upright or 
completely upright. For these studies, we included the 
APRC sampled in supine position in the main analysis 
and the upright samples in the sensitivity analyses for 
posture. In two other studies, participants were seated 
when blood was drawn. One article described that 
blood was drawn with the participants laid down, tilted 
a little to the left. The decubitus and semi prone posi-
tion were reported only once, in two different articles. 

Fig. 1 PRISMA flowchart of the study selection
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Lastly, two studies did not report the subjects’ posture 
at blood sampling.

Blood samples were mostly drawn in the morning 
(n = 12). One study collected blood samples around the 
middle of the day. Some studies reported that partici-
pants had been fasting before blood was collected for 
APRC measurement. Moreover, three studies reported 
that the subjects were on a constant sodium diet. How-
ever, most studies did not report whether the subjects 
had been fasting or using a diet before blood sampling.

APRC during healthy pregnancy
Figure  2 shows the forest plot of the ROM of APRC 
between the healthy pregnancy and the nonpregnant ref-
erence group. The meta-analysis shows a significant over-
all increase in APRC during pregnancy by a factor 2.77 
(95% CI 2.26–3.39). This increase was similar and signifi-
cant in all the different intervals of gestational age. There 
was only one study with more than 4 participants that 
measured APRC at interval 15–21 weeks of healthy preg-
nancy. High heterogeneity was observed between studies 
that measured APRC during healthy pregnancy.

We performed multiple sensitivity analyses on APRC 
during pregnancy (Appendix S4). We observed a smaller 
increase in APRC when we restricted the analysis to 
studies that measured renin with an immunoassay (ROM 
2.18; 95% CI 1.32–3.58) (Fig. S4.3). Furthermore, we 
noticed that in the sensitivity analyses the increase in 
APRC was not always significant per interval as com-
pared to the nonpregnant reference, but the overall 
results are comparable to those of the main analysis. Het-
erogeneity was still high in these analyses.

APRC during complicated pregnancy
Figure 3 shows the ROM in APRC between the pregnan-
cies complicated by PIH and PE and the nonpregnant 
reference group. There was no significant difference in 
APRC between complicated pregnancy and nonpregnant 
participants (ROM 1.32; 95% CI 0.97–1.80). There was 
a high level of heterogeneity between studies that meas-
ured APRC during complicated pregnancies.

Sensitivity analyses were performed based on the 
reported complication (PE or PIH), method of renin 
measurement, posture during blood sampling and study 
quality (Appendix S5). There were not enough data to 
perform a subgroup analysis on data that were presented 
in median and interquartile range and data that were 
derived from graphs or only the studies that reported 
outcome as mean and SD. APRC in pregnancies com-
plicated with PE seemed to be slightly more increased 
than in PIH complicated pregnancies (ROM 1.80 (95% 
CI 0.83–3.92) versus 1.07 (95% CI 0.85–1.34)) (Fig. S5.1). 
However, this increase was not significant compared to 

the nonpregnant reference group. Heterogeneity was still 
high in the sensitivity analyses.

Meta‑regression analysis
Figure 4 shows the results of the mixed-effects regression 
model. The ROM for APRC during healthy pregnancy is 
presented in green. Already in week 5 of pregnancy, mean 
renin concentration almost tripled compared to the non-
pregnant APRC. The APRC stayed at this level until the 
end of the pregnancy. APRC in complicated pregnancy 
is shown in red and was noticeable lower than in healthy 
pregnancy.

Quality assessment
Table  1 shows the quality assessment of the included 
studies. Two studies were defined as high, 12 studies as 
moderate and the remaining four articles as low quality. 
Most studies did not report a prepregnant APRC meas-
urement (n = 15), nonpregnant weight or BMI (n = 15) or 
ethnicity (n = 15). Other frequently missing items were 
multiple longitudinal pregnant measurements (n  = 14), 
information about height (n  = 12) and an adequate 
description of inclusion and exclusion criteria (n = 10). 
Nevertheless, the majority of the studies did provide 
information about the use of medication or supplements 
(n = 16), the method of renin measurement (n = 16), set-
ting (n = 16) and weeks of amenorrhea (n = 15).

Discussion
Healthy pregnancy is accompanied by profound changes 
in central hemodynamic functions balanced by volume 
regulatory compensatory responses. To assess the role of 
changes in RAAS activation, we performed a systematic 
literature review and meta-analysis on APRC in preg-
nancy. We included 18 studies and observed that mean 
APRC almost triples during healthy pregnancy compared 
to non-pregnant APRC, which can be interpreted as a 
pivotal initiating renal hormonal response to counterbal-
ance the immense drop in peripheral resistance. Further-
more, we found no significant increase in mean APRC in 
pregnancies complicated by PE or PIH, which indicates 
that these women have lower circulating levels of APRC 
during pregnancy compared to healthy pregnancy.

In almost all studies that measured APRC during 
healthy pregnancy, a significant increase in APRC was 
observed independent of gestational age. This increase 
can be caused by elevated levels of other hormones 
(e.g. relaxin, estrogen and progesterone), which are 
released by the ovaries, placenta and decidua, and con-
tribute directly and indirectly to renin release [37]. At 
the same time, renin is synthesized by the juxtaglo-
merular cells of the kidneys in response to a subtle 
drop in afferent blood pressure, decreased glomerular 
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Fig. 2 Forest plot of the ratio of means (ROM) of the active plasma renin concentrations (APRC) during healthy pregnancy at < 14 weeks, 
15–21 weeks, 22–28 weeks, 29–35 weeks and 36–41 weeks of gestation compared to reference values in non‑pregnancy, preconception 
or postpartum. Only studies with more than 4 subjects are included. Studies that are reported more than once provide data for different gestational 
weeks within the same study. Only the first author of each study is given. GA = gestational age in weeks, SD = standard deviation, CI = confidence 
interval
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filtration rate and lower circulating sodium chloride 
[38]. It remains to be determined which pathways con-
tribute to the increase of APRC during pregnancy and 
to what extent.

Pregnancies that are complicated by PIH and PE 
are characterized by vascular maladaptation. In our 
study, we did not find a significant increase in APRC 
in complicated pregnancies as compared to nonpreg-
nancy. Previous research found agonistic autoantibod-
ies  (AT1-AA) to the ANGII type 1 receptor  (AT1R) 
in women with PE [39]. These  AT1-AA suppress the 
release of renin, which may be an explanation for 
decreased APRC levels in vascular complicated preg-
nancies. Furthermore,  AT1-AA interact with  AT1R, 
which leads to vasoconstriction and therefore possibly 
hypertension [40]. Moreover, pregnancies complicated 
by PIH or PE show a significantly lower plasma volume 
expansion, probably associated with a lower RAAS 
activation [3]. Also, the high blood pressure observed 
in these complicated pregnancies might suppress the 
RAAS. However, it remains unclear if these lower lev-
els of APRC precede PIH or PE, as we did not find 
studies that present APRC levels at an early gestational 
age. We recommend further research to focus on this 
part of pregnancy.

Strengths and limitations
Our study describes the first meta-analysis on the effects 
of pregnancy on APRC. We used a systematic approach, 
in which we clearly defined the inclusion and exclusion 
criteria. All articles were screened and analyzed by two 
reviewers. Furthermore, we performed an extensive 
meta-analysis, including multiple sensitivity analyses to 
evaluate the influence of other factors. The sensitivity 
analyses revealed no significant influence of these factors 
on the outcome of our study, which contributes to the 
robustness of our results.

Besides these strengths, there are some possible limi-
tations that need to be discussed. First, due to the dif-
ferent techniques used for renin measurements in the 
included studies, we needed to evaluated the increase 
in APRC as the ratio of mean values instead of absolute 
values. This may make interpretation of the results more 
difficult. The most used method was the activity assay, 
where renin is determined as the maximal velocity and 
production of angiotensin I [41, 42]. The immunoassay 
was the second most used method, where the APRC 
is determined with the help of antibodies that bind to 
renin [42]. For both methods, a converting factor is nec-
essary to determine the exact APRC [42]. Unfortunately, 
most studies did not provide this factor and we therefore 

Fig. 3 Forest plot of the ratio of means (ROM) of the active plasma renin concentrations (APRC) during hypertensive complicated pregnancy 
at 29–35 weeks and 36–41 weeks of gestation compared to reference values in non‑pregnancy, preconception or postpartum. Studies that are 
reported more than once provide data for different gestational weeks within the same study. Only the first author of each study is given. 
GA = gestational age in weeks, SD = standard deviation, CI = confidence interval, PE = preeclampsia, PIH = pregnancy induced hypertension
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reported our results in relative terms. Second, APRC is 
influenced by several physiological conditions, such as 
posture during blood sampling or sodium intake. Our 
sensitivity analyses did not show an effect of posture on 
the observed outcome. Unfortunately, we were not able 
to investigate if diet has affected APRC as most studies 
did not describe whether the subjects were on a spe-
cific sodium diet. Third, the reference groups contained 
either nonpregnant control values or APRC measured 
prior to the pregnancy or postpartum. It is possible that 
APRC levels postpartum have not completely returned 
to the nonpregnant value, and we therefore may have 
underestimated the increase. Additionally, for the com-
plicated pregnancy group one might argue that levels of 
healthy nonpregnant individuals or postpartum levels of 
non-healthy individuals could differ. However, our sen-
sitivity analysis on the ROM of APRC showed no sig-
nificant differences between these subgroups for both 
healthy and complicated pregnancies. Fourth, some of 
the included data were originally presented in graphs. 
In these cases, we extracted the values with a digital 

tool. This may have caused the results to be less precise, 
although exclusion of these studies did not change the 
estimated effect. Fifth, there was a considerable level of 
heterogeneity between studies. We aimed to decrease 
heterogeneity by applying strict inclusion and exclusion 
criteria, and performed multiple sensitivity analyses. 
However, we were not able to evaluate the effect of other 
factors such as sodium diet or patient characteristics, as 
this data was not available in the included literature. Fur-
thermore, most studies were classified as low or moder-
ate quality, which may have also contributed to the level 
of heterogeneity. Nevertheless, despite the heterogeneity 
between the studies, the majority of the studies showed 
an increase in APRC values during pregnancy.

Conclusion
In summary, this is the first systematic review and 
meta-analysis that describes the course of APRC dur-
ing healthy pregnancies and pregnancies complicated 
by PIH or PE. In healthy pregnancy, we observed a sig-
nificant increase in APRC from week five of gestation 

Fig. 4 The ratio of means (ROM) of active plasma renin concentration (APRC) during pregnancy compared to nonpregnant women by gestational 
age. Shaded area represents the 95% confidence interval. The green data points represent healthy pregnancy; the red data points represent 
complicated pregnancy. Nonpregnant values were standardized as 1 and are represented by the dashed line



Page 12 of 13El Fathi et al. Reproductive Biology and Endocrinology           (2024) 22:29 

until the end of pregnancy. This is in contrast to 
complicated pregnancies, where this increase was 
not observed. This suggests that healthy pregnancy 
is accompanied with an increase in APRC and that 
hypertensive complicated pregnancies are character-
ized by lower levels of APRC. The information pro-
vided by this study can be useful in understanding the 
RAAS during pregnancy.
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