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ORIGINAL RESEARCH

At Preeclampsia Diagnosis, Total Cell- Free  
DNA Concentration is Elevated and Correlates 
With Disease Severity
Teodora R. Kolarova , MD; Hilary S. Gammill, MD; J. Lee Nelson, MD; Christina M. Lockwood, PhD, DABCC, 
DABMGG; Raj Shree , MD

BACKGROUND: Placental derived cell- free DNA (cfDNA), widely utilized for prenatal screening, may serve as a biomarker for 
preeclampsia. To determine whether cfDNA parameters are altered in preeclampsia, we conducted a case- control study 
using prospectively collected maternal plasma (n=20 preeclampsia, n=22 normal) using our in- house validated prenatal 
screening assay.

METHODS AND RESULTS: Isolated cfDNA was quantified, sequenced using Illumina NextSeq 500, and the placental- derived 
fraction was determined. Clinical and test characteristics were compared between preeclampsia and controls, followed by 
comparisons within the preeclampsia cohort dichotomized by cfDNA concentration. Lastly, cfDNA parameters in preeclamp-
sia were correlated with markers of disease severity. Maternal age, body mass index, gestational age at delivery, cesarean 
rate, and neonatal birthweight were expectedly different between groups (P≤0.05). The placental- derived cfDNA fraction did 
not differ between groups (21.4% versus 16.9%, P=0.06); however, total cfDNA was more than 10 times higher in preeclamp-
sia (1235 versus 106.5 pg/µL, P<0.001). This relationship persisted when controlling for important confounders (OR 1.22, 95% 
CI 1.04– 1.43, P=0.01). The dichotomized preeclampsia group with the highest cfDNA concentration delivered earlier (33.2 
versus 36.6 weeks, P=0.02) and had lower placental- derived fractions (9.1% versus 21.4%, P=0.04). Among preeclampsia 
cases, higher total cfDNA correlated with earlier gestational age at delivery (P=0.01) and higher maximum systolic blood pres-
sure (P=0.04).

CONCLUSIONS: At diagnosis, total cfDNA is notably higher in preeclampsia, whereas the placental derived fraction remains simi-
lar to healthy pregnancies. In preeclampsia, higher total cfDNA correlates with earlier gestational age at delivery and higher 
systolic blood pressure. These findings may indicate increased release of cfDNA from maternal tissue injury.
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Preeclampsia is a heterogenous disease with clin-
ical variability and imprecise diagnostic criteria. 
Placental dysfunction is a hallmark of preeclamp-

sia and likely plays a central role in disease patho-
physiology. Placental- derived cell- free DNA (cfDNA) is 
released from trophoblasts into the maternal circulation 
via apoptosis and necrosis,1 and since 2011, placental- 
derived cfDNA has been widely utilized to prenatally 
screen pregnancies for the common aneuploidies in a 
non- invasive, yet highly accurate manner.2

Given its source and mechanism of release, 
placental- derived cfDNA is an attractive target to bet-
ter understand disorders of placental dysfunction such 
as preeclampsia and fetal growth restriction. Studies 
investigating whether the amount of placental- derived 
cfDNA (or “fetal fraction”) obtained from first- trimester 
samples is able to predict preeclampsia have yielded 
mixed and inconsistent results.3– 7 Studies investigat-
ing whether the amount of placental- derived cfDNA 
is altered at the time of preeclampsia diagnosis have 
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utilized real- time PCR targeting male- specific loci 
(SRY or DYS14) for quantification,8 effectively exclud-
ing half of all pregnancies. Despite important meth-
odologic restrictions, these studies suggest that both 
placental- derived cfDNA and total cfDNA (maternal 
and placental sources) are altered at the time of pre-
eclampsia diagnosis.8– 12

In May of 2017, we became the first US academic 
institution to develop and clinically implement a cfDNA- 
based non- invasive prenatal screening assay using 
whole genome- sequencing and an in- house devel-
oped bioinformatics platform. Here we sought to 
quantify total cfDNA concentration and the placental- 
derived fraction from maternal plasma at the time of 
preeclampsia diagnosis using this assay, which allows 
for inclusion of all pregnancies regardless of fetal sex, 
in conjunction with incorporation of detailed obstetric 
records. We hypothesized that both the total cfDNA 
concentration and the placental- derived fraction will be 

increased at the time of preeclampsia diagnosis, and 
that this will correlate with markers of disease severity.

METHODS
Study Population
Patients with preeclampsia in a singleton pregnancy 
were prospectively recruited at the time of clinical 
diagnosis as part of a prior study13 and as part of a 
currently ongoing study. Informed consent was ob-
tained from all participants prior to sample collection. 
Maternal peripheral blood was collected at the time of 
preeclampsia diagnosis and before the onset of labor 
in acid citrate dextrose solution A- vacutainer tubes 
and underwent processing within 24 hours. Maternal 
plasma was isolated and stored in −80°C. Gestational- 
age matched controls were previously prospectively 
recruited14 and included healthy pregnant women car-
rying non- anomalous singleton fetuses confirmed to 
have uncomplicated term deliveries. Samples were 
similarly collected, processed, and stored. There were 
no cases of suspected or confirmed fetal aneuploidy 
in our cohort. We included n=20 plasma samples 
from preeclampsia participants. These participants 
were selected for inclusion based on detailed clinical 
characterization confirming a preeclampsia diagno-
sis based on current guidelines15 and the availability 
of sufficient plasma. For the control population, 20 
participants contributed n=22 plasma samples as 2 
participants supplied 2 plasma samples, each drawn 
at different gestational ages, several weeks apart. 
Preeclampsia and normal outcomes were confirmed 
by detailed medical record review. Cases and controls 
were matched based on the gestational age at the time 
of sample collection. Frequency matching was utilized 
to ensure appropriate representation of cases and con-
trols within gestational age categories. We chose to in-
clude n=20 participants in each group as prior studies 
have demonstrated statistically significant differences 
with smaller and mixed populations using an equally 
or less sensitive approach. This study was approved 
by the University of Washington and Fred Hutchinson 
Cancer Research Center Institutional Review Boards. 
Signed informed consent was obtained from each par-
ticipant prior to enrollment.

Quantification of Total cfDNA
From maternal plasma, cfDNA was isolated and ex-
tracted using the Qiagen QiaSymphony Circulating 
DNA kit. Total cfDNA concentration was measured by 
Qubit fluorometry, a highly sensitive method for quan-
tification of intact double- stranded DNA (pg/µL). The 
Agilent TapeStation workflow, an automated electro-
phoresis system, was used to assess the size and in-
tegrity of the DNA and functions as a critical quality 

CLINICAL PERSPECTIVE

What Is New?
• Individuals with preeclampsia have significantly 

higher circulating total cell- free DNA compared 
with gestational age matched controls.

• This rise is not accompanied by changes in 
the fraction of cell- free DNA derived from the 
placenta.

• Increasing amounts of circulating cell- free DNA 
correlates with markers of preeclampsia dis-
ease severity, including earlier gestational age 
at delivery and worse systolic blood pressure.

What Are the Clinical Implications?
• The notable increase in circulating cell- free DNA 

in preeclampsia suggests contribution from ma-
ternal sources.

• These maternal sources likely represent release 
of cell- free DNA from maternal tissue injury dur-
ing preeclampsia.

• Understanding and being able to evaluate ma-
ternal tissue injury at the time of preeclampsia 
has implications for management during preg-
nancy, and also for later- life cardiovascular 
health.

Nonstandard Abbreviations and Acronyms

cfDNA cell- free deoxyribonucleic acid
DBP diastolic blood pressure
SBP systolic blood pressure
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control step throughout next- generation library prepa-
ration, hybridization capture, and sample pooling be-
fore sequencing.

Sequencing and Quantification of 
Placental- Derived cfDNA
Following library preparation with KAPA HyperPrep 
for adapter and index ligation followed by Agencourt 
AMPureXP purification and amplification, libraries were 
pooled using an equimolar strategy. Libraries were se-
quenced using an Illumina NextSeq 500 High Output 
75 cycle kit with a 37 bp paired- end read configuration. 
On average, each cfDNA sample was sequenced to 
a depth of ≈20 million paired- end reads, correspond-
ing to an average genome depth of 0.5X. Reads were 
aligned to the human reference genome (hg19) with 
Bowtie (version 1.1.2), and run metrics are calculated 
with Picard (version 1.141). The placental- derived frac-
tion for each sample is calculated either by the percent 
of reads that align to the Y chromosome, or a custom 
bioinformatic algorithm based on the aggregate length 
distribution in sequencing reads for samples in which 
the Y chromosome is not present (ie, female fetuses).16 
The 2 methods are not quantitatively compared for 
every case, but the data are qualitatively reviewed. The 
fragmentation size- based method is consistently reval-
idated as the assay we utilized is validated and utilized 
clinically as a prenatal screen for fetal aneuploidy.

Statistical Analysis
Our primary outcome was total cfDNA concentration in 
preeclampsia and control samples. Fisher’s exact and 
chi- square analyses were used to compare categorical 
variables as appropriate. Mann Whitney U or t test was 
used to compare continuous variables as appropriate. 
Logistic regression was performed to evaluate the as-
sociation of total cfDNA concentration and a diagnosis 
of preeclampsia, controlling for gestational age at sam-
ple collection and maternal body mass index (BMI), as 

these 2 factors are known to be critically associated 
with the placental- derived fraction and total cfDNA in 
maternal plasma. Among those with preeclampsia, 
we dichotomized cases by total cfDNA concentration 
(<1000 and ≥1000 pg/µL) and compared clinical and 
test characteristics between these 2 groups. Lastly, 
we analyzed the relationship between total cfDNA 
concentration and the placental- derived fraction in the 
preeclampsia group with surrogates of disease se-
verity, including gestational age at delivery, maximum 
systolic blood pressure (SBP), and maximum diastolic 
blood pressure (DBP), using Pearson or Spearman’s 
correlation as appropriate based on the normality of 
the data. A P value of <0.05 was considered statisti-
cally significant for all analyses. All statistical analyses 
were performed on Stata Statistical Software: Release 
16 (2019, College Station, TX: StataCorp LLC).

RESULTS
Compared with normal controls, the preeclampsia 
participants were significantly younger (28.0 versus 
34.5 years, P<0.01), had a higher BMI at delivery (32.5 
versus 29.5  kg/m2, P=0.05), delivered at earlier ges-
tational ages (34.1 versus 39.6 weeks, P<0.001), had 
a higher Cesarean delivery rate (75% versus 30%, 
P<0.01), and delivered smaller neonates (1845 versus 
3600 g, P<0.001), as expected. There were no differ-
ences in maternal race, rates of nulliparity, or neonatal 
sex between the 2 groups (Table 1).

There was no difference in the mean gestational age 
at draw between the 2 groups (34.1 weeks in normal 
versus 33.1 weeks in preeclampsia, P=0.37), confirm-
ing appropriate matching between samples (Table 2). 
There was no significant difference in the placental- 
derived fraction of cfDNA between normal and pre-
eclampsia participants (20.0% versus 14.3%, P=0.06) 
(Table 2, Figure 1). In contrast, significantly higher total 
cfDNA concentration was noted in the preeclampsia 
group compared with controls (1235 versus 106.5 pg/

Table 1. Study Population Demographics

Characteristic Normal (n=20) Preeclampsia (n=20) P Value

Maternal age, y* 34.5 (32.0– 38.5) 28.0 (23.5– 35.0) <0.01

White race† 17 (85.0) 12 (60.0) 0.07

BMI at delivery, kg/m2* 29.5 (26.7– 36.4) 32.5 (30.9– 41.3) 0.05

Nulliparity† 10 (50) 11 (55) 0.75

Gestational age at delivery, wk* 39.6 (38.5– 40.7) 34.1 (31.4– 36.6) <0.001

Cesarean delivery† 6 (30.0) 15 (75.0) <0.01

Neonatal birthweight, g* 3600 (3347– 4094) 1845 (1288– 2670) <0.001

Fetal female sex‡ 8 (40.0) 6 (30.0) 0.51

Data expressed as median (interquartile range) or n (%). BMI indicates body mass index.
*Mann- Whitney U test.
†Fisher’s exact test.
‡Chi- square test.
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µL, P<0.001) (Table 2, Figure 2). Given the variation in 
total cfDNA concentration values, we chose to evalu-
ate cfDNA concentration in units of 10 for the logistic 
regression analysis to improve clinical interpretation of 
results. After controlling for gestational age at sample 
draw and maternal BMI, both considered to be criti-
cally important confounders, the association between 
higher total cfDNA concentration in preeclampsia per-
sisted (OR 1.22, 95% CI 1.04– 1.43, P=0.01). As such, 
for every 10 unit increase in total cfDNA concentration, 
the odds of preeclampsia increased by a factor of 1.22. 
There are 2 notable outliers in our preeclampsia cohort 
with markedly elevated total cfDNA concentrations 
(10 100 and 11 500 pg/µL). Removal of these 2 outliers 
did not change our findings with respect to differences 
in total cfDNA between preeclampsia and controls 
(696 versus 106.5 pg/µL, P<0.001) or the multivariable 
logistic analysis evaluating the likelihood of preeclamp-
sia diagnosis with higher total cfDNA concentrations 
(OR 1.22, 95% CI 1.04– 1.43, P=0.01).

Dichotomization of the preeclampsia cohort based 
on total cfDNA concentration resulted in n=10 in 
each the “low” cfDNA group (<1000  pg/µL) and the 
“high” cfDNA group (≥1000  pg/µL). As expected, 
there was a significant difference in median total 
cfDNA concentration between groups (2955  pg/µL 
for the “high” group versus 419  pg/µL for the “low” 
group, P<0.001). The “high” cfDNA group also had 
significantly lower placental- derived cfDNA fractions 

(9.1% versus 21.4%, P=0.04) and delivered at earlier 
gestational ages (32.8 versus 36.4  weeks, P=0.03) 
(Table 3). There was no significant difference in the BMI 
at delivery, fetal sex, incidence of intrauterine growth 
restriction, maximum SBP, or maximum DBP between 
groups (Table 3).

Given the strong association of total cfDNA concen-
tration with preeclampsia, we investigated correlations 
between total cfDNA concentration and surrogates 
of disease severity amongst the preeclampsia par-
ticipants. There was a negative correlation between 
cfDNA concentration and gestational age at deliv-
ery (rs=−0.57, P=0.01) (Figure 3) and a modest posi-
tive correlation with maximum SBP (rs=0.46, P=0.04) 
(Figure  4). There was no significant correlation with 
maximum DBP (rs=0.42, P=0.06). We also investigated 
whether the placental- derived cfDNA fraction cor-
related with surrogates of disease severity among the 
preeclampsia participants. Placental- derived cfDNA 
fraction modestly negatively correlated with maximum 
SBP (r=−0.46, P=0.04) (Figure 5), but not with maximum 
DBP (r=−0.21, P=0.4). Because the placental- derived 
cfDNA fraction is likely to be significantly affected by 
the gestational age at draw, and the interval between 
draw and delivery was short in our preeclampsia pop-
ulation (median 1 day, mean 2.3 days), we did not eval-
uate correlations between placental- derived cfDNA 
fraction and gestational age at delivery. Review of the 
sequencing results did not identify any notable copy 
number alterations between the 2 groups.

DISCUSSION
In this study of prospectively collected maternal 
plasma, we demonstrate that at the time of preec-
lampsia diagnosis, total cfDNA concentration is sig-
nificantly higher compared with controls whereas 
the placental- derived fraction is not statistically dif-
ferent. Notably, the median cfDNA concentration in 
the preeclampsia cohort was more than 10 times 
higher than the control group. When focusing on the 
preeclampsia cohort only, those participants with the 
highest total cfDNA concentrations demonstrated a 
lower placental fraction, suggesting dilution from ma-
ternal sources, and earlier gestational age at delivery, 

Table 2. cfDNA Metrics in Normal and Preeclampsia Samples

Characteristic Normal (n=22) Preeclampsia (n=20) P Value

Gestational age at draw, wk* 34.1±4.6 33.1±4.0 0.37

Placental- derived fraction (%)† 20.0 (16.8– 27.2) 14.3 (8.3– 23.5) 0.06

Total cfDNA concentration, pg/µL† 106.5 (53– 187) 1235 (419– 2955) <0.001

Data expressed as mean±standard deviation or median (interquartile range). cfDNA indicates cell- free DNA.
*Student t test.
†Mann- Whitney U test

Figure 1. Placental- derived cell- free DNA (cfDNA) fraction 
in all samples characterized by pregnancy status.
The line represents the median placental- derived cfDNA fraction 
and interquartile range.
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compared with those with lower total cfDNA concen-
trations. In the preeclampsia cases, we also found 
that higher total cfDNA concentration correlated with 
earlier gestational age at delivery and higher maxi-
mum SBP, 2 critical and universally recognized mark-
ers of disease severity.

Generated via a clinically utilized platform, our find-
ings are in line with prior investigations that have used 
research laboratory methodologies. Much of this prior 
work, however, has focused on the placental- derived 
component, rather than total cfDNA, using samples 
from varied points in gestation.9,10,12 Interestingly, 
while our study shows no statistical difference in the 
placental- derived fraction of cfDNA between groups, 
the absolute amount of placental cfDNA is likely in-
creased in preeclampsia as the total amount of cfDNA 
is increased. Although others have noted increased 
placental- derived and total cfDNA in severe pheno-
types of preeclampsia,10,17 our study is unique in its 
correlation to clinically relevant parameters of disease 

severity, notably gestational age at delivery and SBP. 
One study correlated the amount of cfDNA in patients 
with preeclampsia with elevated serum AST and ALT, 
but did not find a correlation with maternal blood pres-
sure and gestational age at delivery, although this is 
likely due to differences in patient population as their 
preeclampsia cohort delivered at a median gestational 
age of 38  weeks.18 Interestingly, the 2 preeclampsia 
participants in our study with the highest total cfDNA 
concentration were noted to have clinically severe 
disease: one with superimposed preeclampsia, se-
vere fetal growth restriction, and significant renal dys-
function; the second with preeclampsia with severe 
features due to severe range blood pressures and 
severe fetal growth restriction, resulting in delivery at 
23- weeks gestation.

As all prior studies examining cfDNA parame-
ters in preeclampsia have utilized real time quan-
titative PCR to quantify placental- derived cfDNA, 
they were limited by inclusion of only pregnan-
cies carrying male fetuses. We have been able to 
overcome this limitation by utilizing bioinformatic 
approaches that estimate the placental- derived 
fraction regardless of fetal sex and which have 
been validated and are currently utilized clinically 
for non- invasive prenatal screening.16 Fetal sex 
is recognized as an important risk factor for pre-
eclampsia and there is growing speculation that 
placentation and maternal adaptation to pregnancy 
may be influenced by fetal sex.19,20 Thus, repre-
sentation of both fetal sexes when investigating 
pathophysiologic processes at the maternal- fetal 
interface are necessary. There were no differences 
in fetal sex or based on fetal sex in our population, 
however, larger studies are needed to determine 
its potential implications on cfDNA metrics in ma-
ternal plasma. It is important to note that mater-
nal BMI influences the placental- derived cfDNA 
fraction in maternal plasma.21,22 As data regarding 

Figure 2. Total cell- free DNA (cfDNA) concentration in all 
samples characterized by pregnancy status.
The line represents the median total cfDNA concentration and 
interquartile range.

Table 3. Clinical and cfDNA Metrics Among the Preeclampsia Cases Dichotomized by Total cfDNA Concentration

Characteristic Low cfDNA Concentration (n=10) High cfDNA Concentration (n=10) P Value

Total cfDNA concentration, pg/µL* 419 (314– 585) 2955 (2450– 5790) <0.001

Placental- derived fraction (%)* 21.4 (12.4– 30.1) 9.1 (7.4– 12.0) 0.04

Gestational age at draw, wk* 36.4 (33.7– 37.0) 32.8 (30.2– 33.4) 0.03

Gestational age at delivery, wk* 36.6 (34.7– 37.1) 33.2 (30.4– 33.4) 0.02

BMI at delivery, kg/m2* 32.1 (31.2– 38.5) 33.2 (30.9– 41.3) 0.76

Female fetal sex† 3 (30) 3 (30) 1.0

Fetal growth restriction (%)† 1 (10.0) 5 (50.0) 0.14

Maximum SBP, mm Hg* 149 (144– 159) 164 (157– 180) 0.06

Maximum DBP, mm Hg* 99.5 (83– 103) 105.5 (94– 112) 0.16

Data expressed as median (interquartile range) or n (%). BMI indicates body mass index; cfDNA, cell- free DNA; DBP, diastolic blood pressure; and SBP, 
systolic blood pressure.

*Mann- Whitney U test.
†Fisher’s exact test.
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its effect on total cell- free DNA, particularly in the 
third trimester, are currently emerging, we included 
this in our logistic model because it was different 

between our 2 groups. Importantly, with inclu-
sion into our model, total cfDNA concentration 
remained significantly associated with a diagnosis 

Figure 3. Correlation of total cell- free DNA (cfDNA) concentration and gestational age at delivery 
in preeclampsia.
Correlation between total cfDNA concentration and gestational age at delivery in the preeclampsia cohort 
(rs=−0.57, P=0.01). The dotted lines represent the 95% CI.

Figure 4. Correlation of total cell- free DNA (cfDNA) concentration and maximum systolic blood 
pressure in preeclampsia.
Correlation between total cfDNA concentration and maximum systolic blood pressure in the preeclampsia 
cohort (rs=0.46, P=0.04). The dotted lines represent the 95% CI.
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of preeclampsia. Secondly, BMI at delivery did not 
differ among the preeclampsia participants dichot-
omized by total cfDNA concentration (Table  3), 
suggesting that this parameter alone did not con-
tribute to the cfDNA concentration in the “high” 
group. Although BMI was ascertained at the time 
of delivery, the interval from sample collection to 
delivery in the preeclampsia cohort was minimal 
(mean 2.3 days).

Prior studies have suggested higher placental- 
derived cfDNA quantities in maternal plasma in the 
setting of preeclampsia11,12; however, these studies 
were restricted to male fetuses, utilized alternative 
approaches (PCR for Y chromosome material), and 
were not able to universally determine the contribut-
ing fraction. It is possible that our sample size pre-
cluded detection of a significant difference in the 
placental- derived fraction, however, given method-
ological differences between our and other studies 
(sequencing versus PCR), direct comparisons are 
challenging. As the total cfDNA concentration was 
higher in preeclampsia, the absolute amount contrib-
uted by the placenta is likely also higher, despite no 
statistical difference in the fraction. The sample size 
of the current study did not allow for nuanced correla-
tion between total cfDNA concentration and specific 
hypertensive disease phenotypes. Additionally, while 

we present novel findings, our data do not delineate 
mechanisms.

In healthy non- pregnant individuals, cfDNA orig-
inates from hematopoietic lineages and to a lesser 
degree from vascular endothelial cells, neurons, and 
hepatocytes.23 Although our study and others indi-
cate that the placental- derived amount of cfDNA 
increases with preeclampsia, we demonstrate that 
the increase in maternal sources of cfDNA is also 
significant. We hypothesize that the increase in total 
cfDNA concentration in the preeclampsia group is 
related to maternal tissue injury and the subsequent 
release of cfDNA from relevant organs, such as the 
endothelium, liver, and/or kidneys. Recent advances 
in the field of genomics have allowed for the iden-
tification of tissue- of- origin of circulating cfDNA.24,25 
Future investigations examining the exact origin of 
maternal cfDNA can further our understanding of 
preeclampsia pathophysiology and determine if the 
sources of cfDNA correlate with disease phenotype 
given the especially heterogeneous presentation of 
preeclampsia. In addition to increased production, 
the level of extracellular DNA depends on clearance 
mechanisms that are found in the “home” tissue and 
organs such as liver, spleen, and kidney.23 Given the 
systemic multiorgan impact of preeclampsia, the el-
evation in cfDNA may not be solely due to release 

Figure 5. Correlation of placental- derived cell- free DNA (cfDNA) fraction and maximum systolic 
blood pressure in preeclampsia.
Correlation between placental- derived cfDNA fraction and maximum systolic blood pressure in the 
preeclampsia cohort (r=−0.46, P=0.04). The dotted lines represent the 95% CI.
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from damaged tissue, but also due to a decrease in 
its clearance.

Further research is needed to elucidate the function 
that both placental and maternal cfDNA play in the dis-
ease process of preeclampsia. It has been suggested 
that placental cfDNA increases 3  weeks before the 
clinical manifestation of preeclampsia and that this rise 
is attributed to accelerated apoptosis of trophoblas-
tic cells.26 Free DNA is immunostimulatory and there 
is speculation that placental cfDNA in particular may 
contribute to the initiation of the systemic inflammatory 
syndrome of preeclampsia.27 In fact, 2 recent studies 
demonstrated that placental cfDNA from patients with 
preeclampsia can induce an inflammatory response in 
vitro on trophoblast cell culture.28,29 Lastly, it is hypothe-
sized that the preeclampsia pregnancy itself may result 
in enduring damage to the maternal system contributing 
to later- life cardiovascular disease.30,31 Understanding 
disease pathology and discrete sites of maternal tissue 
injury at the time of preeclampsia presentation may im-
prove our current and long- term management of this 
at- risk, yet poorly understood population.

In summary, we found that total cfDNA concentra-
tion is higher in preeclampsia compared with healthy 
controls, while the placental- derived fraction was sim-
ilar between these groups. Among the preeclampsia 
group, those with the highest amount of total cfDNA 
had a significantly lower placental- derived fraction 
suggesting possible dilution due to maternal sources. 
Importantly, we were able to correlate total cfDNA 
with key markers of disease severity, including gesta-
tional age at delivery and maximum SBP. Further re-
search is needed to determine the maternal sources 
of the increased cfDNA in preeclampsia and how 
both placental-  and maternal- derived cfDNA contrib-
ute to the pathophysiology of this globally important 
disease to catalyze the development of appropriate 
interventions.
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