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Abstract: Objective: Pregnenolone is the only steroid derived directly from cholesterol and is the first and requisite 
reaction in placental steroidogenesis. A better understanding of pregnenolone production throughout pregnancy 
may help improve our knowledge of placental function and provide clinical utility. Our objective was to study the 
relationship between pregnenolone concentrations with gestational age in naturally conceived healthy pregnancies. 
Methods: We conducted an observational cross-sectional study in an urban, public tertiary care prenatal clinic of 
low-risk obstetric patients with naturally conceived singleton gestations by comparing gestational age with serum 
concentration of maternal pregnenolone. Results: Pregnenolone was detected in all specimens collected from 85 
patients between 7 4/7 weeks to 38 5/7 weeks gestation with a concentration range of 33 ng/dL to 476 ng/dL. 
Concentrations increased significantly as gestational age progressed, with a correlation coefficient of 0.789 (P 
< 0.001). There was no association found between patient chronological age and pregnenolone concentration. 
Conclusion: Maternal serum pregnenolone is measurable throughout pregnancy and is positively correlated with 
gestational age.

Keywords: Pregnenolone, placenta, pregnancy serum biomarker

Introduction

Production of pregnenolone is the first reaction 
in the process of placental progesterone ste-
roidogenesis. The conversion takes place in 
syncytiotrophoblast mitochondrial membranes 
via cholesterol side-chain cleavage enzyme 
P450scc in an NADPH dependent reaction [1]. 
The formation of all other steroid molecules 
relies on the presence of this obligate precur-
sor. We have previously demonstrated signifi-
cant stepwise increases in maternal serum 
pregnenolone concentrations throughout the 
first trimester of oocyte donation pregnancies. 
Because these pregnancies advance in the 
absence of the corpus luteum, increasing preg-
nenolone must be a product of ongoing tropho-
blast development [2]. A more thorough under-
standing of the changes in pregnenolone 
production throughout the entire duration of 

pregnancy may help expand our knowledge of 
placental development and serve as an indica-
tor of placental function and sufficiency, there-
by also giving insight into the metabolic status 
of the fetus. In this study, we sought to deter-
mine 1) whether pregnenolone production is 
measurable in maternal serum throughout the 
term of a gestation, and 2) if pregnenolone pro-
duction increases with gestational age.  

Material and methods

This is an observational cross-sectional study 
of low risk, naturally conceived pregnancies. 
Institutional Review Board (IRB) approval was 
obtained by the [institution removed for blinded 
review] (IRB #16-00024). After obtaining 
informed consent, serum samples were collect-
ed from patients undergoing routine phleboto-
my during scheduled prenatal care clinic visits 
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that occurred from October through December 
2017. Inclusion criteria were women between 
21 to 55 years of age with naturally conceived 
singleton gestations. Exclusion criteria were 
hypertension, diabetes, other major medical 
comorbidities, and abnormal fetal growth pa- 
rameters. The majority of patients were recruit-
ed from a midwifery clinic at an urban, public, 
tertiary care center.  

Blood samples (5-8 mL) were collected in a 
serum separator tube (SST) and spun down to 
separate blood cells from serum. Serum was 
extracted and stored at -80 Celsius until mea-
surement at the Endocrine Sciences Laboratory, 
LabCorp. There, stable labeled isotopic preg-
nenolone was added as an internal standard to 
serum aliquots. Samples were then extracted, 
and the extract was purified, evaporated, and 
reconstituted. An MDS-Sciex API5000 triple 
quadrupole mass spectrometer, operating in 
positive ion atmospheric pressure chemical 
ionization (APCI) mode, was used for detection. 
Quantification of analyte and the internal  
standard was performed in selected reaction 
monitoring mode (SRM). The back-calculated 
amount of pregnenolone in each sample was 
determined from duplicate calibration curves 
generated by spiking known amounts of puri-
fied pregnenolone into charcoal stripped hu- 
man serum from 10 to 2000 ng/dL. Pre- 
gnenolone was cleanly separated from proges-
terone based on differences in masses: there 
was no cross-reactivity with progesterone or 

tinuous variables and Kruskal-Wallis for con- 
tinuous non-parametric analysis. Statistical val-
ues of P < 0.05 were considered statistically 
significant.

Results

Samples from eighty-five unique patients were 
collected and evaluated. Individual demograph-
ic data was not collected, as per the study pro-
tocol. The patients were recruited from a popu-
lation that is 60% Hispanic, 15% Non-Hispanic 
Black, and 25% Asian, Non-Hispanic White, or 
unspecified, with 90% of patients on Medicaid 
or Medicaid-based HMOs. Patient ages ranged 
from 21 to 42 years, with a mean age of 30.2 
years (± 5.7 years) (Figure 1; Table 1). 

Gestational ages ranged from 7 4/7 weeks to 
38 5/7 weeks with 20% of data points occur-
ring in the first trimester (less than 14 weeks), 
31% in the second trimester (14 to 27 6/7 
weeks) and 49% in the third trimester (28 
weeks and above). Pregnenolone was detected 
in all specimens with a range of 33 ng/dL to 
476 ng/dL. The mean pregnenolone concentra-
tion was 67.8 ng/dL (± 24 ng/dL) for the first 
trimester, 125.8 ng/dL (± 52 ng/dL) for the sec-
ond trimester, and 227.2 ng/dL (± 82 ng/dL) for 
the third trimester. Concentrations increased 
significantly as gestational age progressed, 
with a correlation coefficient of 0.789 (P < 
0.001) (Figure 2). Maternal age did not corre-
late with pregnenolone concentrations (correla-

Figure 1. Distribution of patient age according to gestational age. 

pregnenolone sulfate (preg-s), 
the neuroactive metabolite of 
pregnenolone.  

The primary outcome variable 
was maternal serum pregnen-
olone quantity. A correlation 
coefficient was used to mea-
sure its association with ges-
tational age. The only patient 
data points that were collect-
ed were patient age, gesta-
tional age, and pregnenolone 
concentrations. Patients were 
not followed serially, and no 
additional information was 
collected. Statistical analysis 
included Spearman’s rank cor-
relation coefficients for con-
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tion coefficient of 0.110, P = 0.316), nor with 
the initial volume of serum (correlation coeffi-
cient of 0.126, P = 0.249).

Discussion

This report demonstrates a successful mea-
surement of maternal serum pregnenolone 
throughout pregnancy, with results showing a 
significant positive correlation with gestational 
age. Previous work examining the relationship 
between pregnenolone concentrations and 
gestational age has been conflicting, leaving 
this question open to additional investigation. 
Early reports from Little et al. in 1971 indicated 
pregnenolone concentrations do increase with 
gestational term during pregnancy, but they uti-
lized a small sample population and used a 
technically challenging assay that required the 
injection of radiolabeled isotopes to measure 
plasma concentrations [3]. These characteris-
tics of their study make their results hard to 

demonstrate an increased concentration of 
pregnenolone in the serum of preeclamptic 
women at term, without measurement of prior 
concentrations in the pregnancy [6]. Other 
studies suggest a decrease in placental preg-
nenolone concentrations in preeclamptic 
patients [7]. Finally, a possible link between 
pregnenolone concentrations and intrauterine 
growth restriction (IUGR) has been suggested 
[8]. These diagnoses can be diagnostically 
challenging when confounded by lack of accu-
rate dating or medical co-morbidities, and an 
additional objective clinical biomarker would 
prove to be invaluable in those situations. 

Previously documented non-pregnancy preg-
nenolone values range from 33-248 ng/dl 
according to the Mayo Clinic Laboratories [9]. 
While there appears to be some overlap 
between extreme pregnancy and non-pregnan-
cy pregnenolone concentrations, we show a 
clear linear trend that occurs with increasing 

Table 1. Patient age by trimester
Trimester 1 Trimester 2 Trimester 3

N 17 26 42
Mean Age 30.41176 29.42308 30.69048
Standard deviation 3.857765 6.463269 5.882956

Figure 2. Positive correlation seen with pregnenolone levels and increaasing 
gestational age, correlation coefficient of 0.789.

apply to broader practice.  
Two additional studies, both 
reported in Japanese but wi- 
th English abstracts, report- 
ed conflicting outcomes re- 
garding whether pregneno-
lone concentrations increase 
with gestational term in preg-
nancy, leaving this question 
open to additional investiga-
tion [4, 5].  

In this study, we utilized a 
much larger sample size, and 
more easily and precisely 
assessed pregnenolone con-
centrations using mass spec-
trometry. This improved assay 
increases reporting accuracy 
by reducing cross-reactivity 
and allows for substrate de- 
tection in smaller sample vol-
umes. We believe that these 
improvements in our study 
design allow more seamless 
transference of our results  
to the clinical treatment of 
patients.  

There exist several important 
potential clinical applications 
that give practical relevance 
to our results. Prior studies 
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gestational age. The potential clinical utility of 
this assay, then, will lie in comparing the abso-
lute value as well as the trend in multiple dis-
crete data points over a patient’s gestation. 

The most intuitive theoretical explanation for 
the elevation in serum pregnenolone concen-
tration with gestational age is that it is a result 
of the increased metabolic output produced by 
the growing placenta as pregnancy progresses 
[10]. In addition, it has been shown that the 
P450 system becomes more efficient as preg-
nancy progresses [11], and that uterine artery 
blood flow increases linearly throughout gesta-
tion which increases the delivery of substrates, 
including maternal cholesterol [12]. While the 
conversion of fetal pregnenolone sulfate to 
maternal pregnenolone in the placenta is pos-
sible [13, 14], this would be expected to have a 
negligible effect on the concentrations we 
obtained [15].  

There are limitations and potential for expan-
sion with our work. All of our samples were col-
lected from unique patients, limiting our ability 
to trend patient-specific pregnenolone concen-
trations across an individual pregnancy. The 
lack of more comprehensive patient demo-
graphics and characteristics also prevents cor-
relation of other factors (such as race or BMI) 
with pregnenolone. Further research is neces-
sary to quantify the rate of pregnenolone con-
centration rise in relation to both of these vari-
ables. There are also several areas of clinical 
importance, as we have discussed previously, 
that likely are related to pregnenolone concen-
trations and would benefit for additional 
research. Broadly speaking, our findings call for 
the further study of pregnenolone in normal 
and abnormal pregnancies. 

In conclusion, maternal serum pregnenolone, 
the first reaction in placental steroidogenesis, 
is easily measurable and rises with advancing 
gestational age. This trend suggests further 
study of pregnenolone as a marker of placental 
competency and fetal well-being.
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