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Abstract

Objectives: To establish the circulating levels of copeptin and fibronectin in normal and preeclamptic Black South African pregnant
females.

Materials and Methods: Serum copeptin and fibronectin levels were measured in preeclamptic and normotensive women via
enzyme-linked immunosorbent assays. Data are presented as medians and interquartile ranges. Spearman’s chi-square test was used
to evaluate bivariate associations between analytes and clinical variables.

Results: Fibronectin levels were downregulated in preeclampsia (PE) compared to the control group (P<0.05). Copeptin levels
displayed an upward trend in PE compared to the normotensive group. Blood pressure (systolic and diastolic) was significantly
different between preeclamptic and normotensive women (P<0.005). In the preeclamptic group, gestational age was negatively
correlated with systolic blood pressure (r=-0.8, P<0.05). In addition, diastolic blood pressure was negatively correlated with maternal
weight (r=-0.58, P<0.05) and gestational age (r=-0.76, P<0.05) in the preeclamptic group. Eventually, a positive correlation was
noted between diastolic blood pressure and systolic blood pressure (r=0.65, P<0.05) in PE.

Conclusions: This was the first South African study to measure copeptin and fibronectin in pregnant women. The findings demonstrated
a dysregulation in copeptin and fibronectin serum levels between the normotensive pregnant and preeclamptic groups, suggesting a

potential diagnostic indicator of PE development.
Keywords: Pregnancy, Preeclampsia, Copeptin, Fibronectin

Introduction
Global variation in the frequency of preeclampsia (PE)
projects a 7 times higher prevalence in developing
compared to developed countries (1). The cause of PE
is linked to defective trophoblast invasion occurring in
early pregnancy (2). The use of angiogenic biomarkers
combined with standard care can predict PE development
according to low or moderate and elevated risk (3),
however, its implementation in low resourced countries is
constrained by high costs. Despite the clinical significance
of the soluble FMS-like tyrosine kinase 1/placental growth
factor (PIGF) ratio, its imbalance is usually observed
mid-gestation prior to the clinical onset of symptoms
(4). The onset of the non-physiological remodeling of
the uterine artery during the first trimester substantiates
the investigation of the vascular regulator, arginine
vasopressin (AVP) as a potential link in the pathogenic
mechanism (5).

AVP is a multifunctional regulatory hormone and a
critical osmotic and blood pressure regulator. Copeptin,
as a surrogate biomarker of AVP, is secreted in response to

hemodynamic or osmotic stimuli and has a pronounced
stability in serum and plasma supporting its use as
a measure of circulating AVP levels (6). In contrast,
fibronectin is produced by endothelial cells and exists
as either soluble plasma fibronectin or insoluble cellular
fibronectin (7). Elevated fibronectin levels may signify
endothelial damage (8). It is likely that the levels of
circulating fibronectin are elevated in PE since endothelial
lesions are pathognomonic of PE (9). Although the
circulating levels of both copeptin and fibronectin are
widely reported in various populations, there are no data
available within South Africa. Thus, this study aimed to
establish the circulating levels of copeptin and fibronectin
in both normal and preeclamptic South African Black
pregnant women.

Materials and Methods

Study Population

Purposive sampling was used to recruit 32 Black African
pregnant women attending a large primary healthcare
centre in KwaZulu-Natal, South Africa. This included
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both early-onset preeclamptic (n=16) and normotensive
women (n=16) in the gestational age of 30-38 weeks. A
systolic blood pressure 2140 mm Hg and/or diastolic blood
pressure 290 mm Hg and proteinuria of 2300 mg per 24
hours were used to define PE (10). Only pregnant Black
African women aged 18 years and older were included in
the study. On the other hand, patients with cardiac disease
chronic diabetes and hypertension, abruptio placentae,
antiphospholipid antibody syndrome, chronic renal
disease, gestational diabetes, connective tissue conditions,
sickle cell disorders, chorioamnionitis, polycystic ovarian
syndrome, thyroid disorder, un-booked patients, and
those incapable of providing informed consent were
omitted from the study. Medical records were applied to
collect demographic and clinical data.

Quantification of Analytes

The maternal circulating levels of copeptin (1:2) and
fibronectin (1:5) were measured in triplicate using serum
samples according to the manufacturer’s instructions
(Cloud-Clone Corp, TX, USA, Elabscience, USA).
The optical density (OD) for all immunoassays were
spectrophotometrically determined at a wavelength
of 450 nm. The OD values were directly proportional
to concentration values for fibronectin but inversely
proportional for copeptin.

Data Analysis

All data were evaluated using STATA (version 12,
StataCorp) and presented as medians and interquartile
ranges for continuous data and frequency distributions for
categorical variables. The Spearman’s Chi-square test was
used to evaluate bivariate associations between copeptin
and fibronectin with demographic and clinical variables.
Spearman’s correlation was also employed to investigate
the association between copeptin and fibronectin.
Further, the correlation was used to estimate whether
the levels of copeptin and fibronectin relied on maternal
epidemiological and clinical characteristics. A P<0.05
was considered statistically significant.

Results

Demographic and Clinical Characteristics
The demographic and clinical profiles are shown in Table

Table 1. Demographic and Clinical Characteristics (Median, 25th-75th percentile)

1. The mean age of the normotensive and preeclamptic
study groups were 26 and 33 years, respectively, while
the mean gestational age was 28 weeks (Table 1). As
expected, a statistically significant difference was
found in both systolic and diastolic blood pressures
between the preeclamptic and the normotensive groups
(P<0.005). Contrarily, a downregulation was observed
in the concentration of fibronectin in the preeclamptics
in comparison to the normotensive group (P<0.05).
Copeptin displayed an upward trend in the preeclamptic
versus the control group.

Spearman’s Correlation Matrix Between Copeptin,
Fibronectin, and Clinal Parameters

Table 2 provides the bivariate analysis between the levels of
copeptin and fibronectin, and the clinical characteristics
of normotensive and preeclamptic groups. A weak,
negative correlation was observed between copeptin
and fibronectin in both normotensive and preeclamptic
groups (r=-0.15, P>0.05). Furthermore, a negative
association was found between systolic blood pressure and
maternal age (r=-0.70, P<0.05) among the normotensive
group. Moreover, both maternal age (r=0.59, P<0.05) and
gestational age (r=0.52, P <0.05) were positively associated
with maternal weight among the preeclamptic group. In
the preeclamptic group, gestational age was negatively
associated with systolic blood pressure (r=-0.8, P<0.05)
whereas a negative association was noted between diastolic
blood pressure and maternal weight (r=-0.58, P<0.05)
and gestational age (r=-0.76, P<0.05). However, a positive
correlation was observed between diastolic blood pressure
and systolic blood pressure (r=0.65, P<0.05) among the
preeclamptic group.

Discussion

The main study finding represents the tendency of
elevated serum copeptin expression in the preeclamptic
compared to normotensive pregnant women. Our results
corroborate various other reports regardless of the
lack of statistical significance (1,11,12). PE in women
is associated with abnormal Doppler velocimetry and
elevated copeptin levels, suggestive of either a direct or
indirect copeptin effect on endothelial function. The
latter group also demonstrated elevated plasma copeptin

Normotensive (n = 16) Preeclamptic (n = 16) P Value
Maternal age (y) 26.00 (21.50-30.50) 33.00 (27.00-38.00) 0.06
Maternal weight (kg) 77.00 (71.00-88.00) 78.50 (63.50-94.00) 0.92
Gestational age (wk) 27.50 (24.50-72.00) 27.50(25.00-31.50) 0.98
Systolic blood pressure (mm Hg) 104.00 (100.00-116.00) 158.00 (152.50-162.50) <0.005
Diastolic blood pressure (mm Hg) 67.00 (60.00-75.00) 104.00 (91.00-107.50)" <0.005
Fibronectin (ng/mL) 125.41 (111.02-161.30) 39.65 (33.95-59.80) <0.005
Copeptin (pg/mL) 68.22 (65.51-76.79) 71.49 (63.27-81.94) 0.59

Note. *P < 0.05 is considered statistically significant.
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Table 2. Spearman’s Correlation Between the Clinical Parameters of Normotensive and Preeclamptic Pregnant Women

Fibronectin ~ Copeptin  Maternal Age Maternal Gestational Systolic Blood Diastolic Blood
(ng/mL) (pg/mL) (y) Weight (kg) Age (wk) Pressure (mm Hg)  Pressure (mm Hg)

Normotensive (n=16)

Fibronectin 1.00

Copeptin (pg/mL) -0.15 1.00

Maternal age (y) 0.45 -0.14 1.00

Maternal weight (kg) 0.22 0.06 -0.25 1.00

Gestational age (wk) 0.00 -0.12 0.15 0.26 1.00

Systolic blood pressure (mm Hg) -0.01 -0.13 -0.70* -0.23 -0.24 1.00

Diastolic blood pressure (mm Hg) -0.01 -0.34 0.48 -0.05 0.17 0.46 1.00
Preeclamptic (n=16)

Fibronectin 1.00

Copeptin (pg/mL) -0.15 1.00

Maternal age (y) -0.16 0.17 1.00

Maternal weight (kg) -0.06 0.00 0.59° 1.00

Gestational age (wk) -0.04 -0.21 0.39 0.52" 1.00

Systolic blood pressure (mm Hg) 0.30 0.36 -0.17 -0.10 -0.80* 1.00

Diastolic blood pressure (mm Hg) 0.45 0.08 -0.39 -0.58" -0.76" 0.65" 1.00

Note. *P < 0.05 is considered statistically significant.

levels across all three trimesters of PE compared to
normotensive pregnancies (12). The increased levels of
copeptin may activate vascular endothelial growth factor
secretion within the blood vessels (13).

The serum levels of fibronectin in our cohort were
significantly downregulated in the preeclamptic versus
the normotensive pregnant women. Our findings
contradict the upregulation observed by others, which
may be attributed to the heterogeneous nature of their
preeclamptic population, namely, early and late-onset
PE (14,15). We were able to overcome this drawback
by limiting our recruitment to women with early onset
PE. However, Ajibolas group failed to demonstrate any
significant differences in plasma fibronectin levels between
PE and normotensive pregnant women (16). The potential
utility of fibronectin as a biomarker for PE prediction
received some attention although concerns increased
surrounding its sensitivity (17). In one study, Madazli
et al reported a cut-off predictive value of 370 mg/L for
mid-trimester serum fibronectin levels as less predictive
in identifying those at the risk of PE development when
compared to mid-trimester serum PIGF and activin
levels (18). Variations in sensitivity may be attributed
to the predominance of the total fibronectin as cellular
isoforms. A limitation of our study may be associated with
the applied fibronectin kit. The sensitivity was probably
higher for cellular isoforms instead of soluble fibronectin
isoforms, thereby, justifying the downregulation in serum
fibronectin observed in our PE cohort.

Interestingly, Foda et al confirmed that vaginal delivery
may be associated with higher copeptin levels when
compared to elective repeat caesarean sections (11). The
elevated levels of copeptin were also observed in women
diagnosed with mild PE delivering through normal vaginal

delivery in contrast to normotensive vaginal deliveries
(11). It is possible that AVP directly induces epinephrine
production and cortisol secretion, consequently,
conserving the blood volume and elevating blood pressure.
Elevated copeptin levels appear to be correlated with PE
severity and the stress associated with vaginal delivery,
thus stimulating the hypothalamic-pituitary-adrenal axis
(11).

As expected, a significant association was also observed
for both systolic and diastolic blood pressures between
the normal and preeclamptic pregnant women. However,
elevations in blood pressure representing hypertension
are also reported to confer adaptive mechanisms which
improvesblood flow in the placental bed (19). Nonetheless,
such aberrant elevations must be regulated to avoid a rise
in mean arterial pressure above the suggested threshold of
130 mm Hg, which consequently can increase the risk of
stroke (20). Contrarily, we acknowledge the small sample
size and late antenatal booking as the limitations of our
study, which can affect the early management of antenatal
complications. The upregulation and downregulation
between biomarkers may be associated with the low
sample number in our study, however, it is must be noted
that all biomarker data are represented in triplicate.

Conclusions

To the best of our knowledge, this was the first study to
report a dysregulation of serum copeptin and fibronectin
in Black pregnant women of African ancestry. At term,
serum fibronectin was significantly downregulated in
PE compared to normotensive pregnant women. Thus,
serum fibronectin may be a good diagnostic indicator of
PE development, however, its predictive value requires
further interpretation. Based on the findings, higher
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levels of copeptin were observed in PE as well. This
elevation is notably linked to the fact that AVP directly
induces epinephrine production and cortisol secretion,
consequently, sustaining blood volume and increasing
blood pressure. Although this elevation has a predictor test
value, it may be important for testing its value detection
of the severity of PE and obtaining adverse neonatal
outcomes.
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