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Abstract
Introduction: Chronic hypertension complicates 1%-2% of pregnancies and is one of 
the most significant risk factors for the development of preeclampsia. Inflammatory 
mediators, such as interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), vascular cell 
adhesion molecule (VCAM) and endothelin have been implicated in the endothelial 
dysfunction that is pathognomonic of preeclampsia and may serve as useful first tri-
mester biomarkers for the prediction of preeclampsia. The objectives of this study 
are: first, to investigate differences in serum levels of IL-6, TNF-α, VCAM and en-
dothelin at 11+0 to 13+6 weeks’ gestation in women with chronic hypertension who 
developed superimposed preeclampsia with those who did not and normotensive 
controls and, second, to evaluate the performance of these biomarkers in the predic-
tion of preeclampsia.
Material and methods: The study population was comprised of 650 women with 
chronic hypertension, including 202 who developed superimposed preeclampsia and 
448 who did not, and 142 normotensive controls matched to the chronic hyperten-
sion group for storage time and racial origin. Serum concentrations of IL-6, TNF-α, 
VCAM and endothelin were measured and the values were converted into multiples 
of the expected median using multivariate regression analysis in the control group. 
The multiples of the median values of the biomarkers between the two groups of 
women with chronic hypertension and the controls were compared, and the receiver 
operating characteristic curve (ROC) was used to assess the performance of these 
variables for the prediction of preeclampsia.
Results: In women with chronic hypertension, compared with the normotensive 
controls, there was a significantly higher first trimester median concentration of en-
dothelin but not of VCAM, IL-6 or TNF-α. Within the cohort of women with chronic 
hypertension, those who developed superimposed preeclampsia, compared with 
those who did not, had higher first trimester serum concentration of VCAM but not 
of endothelin, IL-6 or TNF-α. However, serum VCAM provided a poor prediction of 
superimposed preeclampsia (area under the ROC curve 0.537, 95% CI 0.487-0.587).
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1  | INTRODUC TION

One of the greatest risk factors for preeclampsia (PE) is a medical 
history of chronic hypertension (CH), which complicates 1%-2% of 
pregnancies.1 After adjustment for maternal characteristics, the 
risk of PE is 5-6 times higher in women with CH than in those with-
out CH.1 Effective first trimester screening for PE using a combi-
nation of maternal biomarkers and characteristics could help to 
identify the high-risk group of women with CH who may benefit 
more from prevention strategies such as stricter control of blood 
pressure.

It is generally accepted that in normal pregnancy, pro-inflamma-
tory mediators and cell adhesion molecules play a vital role in the 
establishment and maintenance of pregnancy.2,3 For example, de-
cidual expression of tumor necrosis factor (TNF-α) and interleukin 
(IL-6) is thought to modulate trophoblast growth and differentiation, 
and invasion of spiral arteries and to be involved in parturition.2 
Similarly, the production of cell adhesion molecules, such as vascular 
cell adhesion molecule (VCAM), is upregulated by pro-inflammatory 
cytokines and helps to mediate the interaction between the invading 
trophoblasts and endometrial cells.3

In PE, in particular preterm PE, it has been proposed that this 
physiological inflammatory response is exaggerated and triggered 
by impaired placentation.4 This then leads to the systemic endothe-
lial dysfunction that underlies many of the signs and symptoms of 
the disease.4 Several studies have reported that the maternal serum 
concentration of many pro-inflammatory mediators, such as endo-
thelin,5 IL-6,6 TNF-α6 and VCAM,6 is increased in women with PE 
compared with normotensive controls at the point of diagnosis of the 
disease. Furthermore, infusion of TNF-α into pregnant rats induces 
a PE-like syndrome mediated in part by endothelin.7 Consequently, 
these inflammatory markers of endothelial dysfunction may serve 
as first trimester predictors of PE. However, in women with CH, en-
dothelial dysfunction already preexists8 with varying severity and, 
therefore, prior to their inclusion into screening algorithms, evalua-
tion in this high-risk subgroup is needed.

The objectives of this study are, first, to investigate differences 
between serum levels of IL-6, TNF-α, VCAM and endothelin at 11+0 to 
13+6 weeks’ gestation in women with CH who developed superimposed 
PE to those who did not and normotensive controls and, second, to 
evaluate the performance of these biomarkers in the prediction of PE.

2  | MATERIAL AND METHODS

2.1 | Study population

This was a case-control study involving the analysis of serum IL-6, 
TNF-α, VCAM and endothelin in stored samples (−80°C) obtained at 
11+0-13+6 weeks’ gestation from 650 singleton pregnancies compli-
cated by CH and 142 normotensive controls attending for pregnancy 
care at King’s College Hospital, London, UK, between January 2011 
and September 2018. Women were classified as CH if they had pre-
pregnancy hypertension or have blood pressure  ≥  140/90  mmHg 
on two consecutive clinical visits prior to 20 weeks’ gestation in the 
absence of renal or liver disease.9 Gestational age was determined 
from measurement of fetal crown-rump length. As per guidelines, 
all women with CH were commenced on low-dose aspirin in the first 
trimester.10

2.2 | Assay analysis

2.2.1 | TNF-α and IL-6

Serum concentrations of TNF-α and IL-6 were determined using 
the Meso Scale Proinflammatory 2 Plex (Mesoscale Discovery, 
Rockville, MD, USA). The detection limits were 0.04 and 0.06 ng/L 
for TNF-α and IL-6, respectively, with a measurement range from 
0.10 to 1.75  ng/L and 0.16 to 27.2  ng/L for TNF-α and IL-6, re-
spectively. The intra-assay coefficients of variation for the low and 
high concentrations were 10.1% and 6.1% for TNF-α, and 4.5% and 
3.6% for IL-6. The inter-assay coefficients of variation for the low 
and high concentrations were 6.2% and 7.2% for TNF-α and 7.3% 
and 5.2% for IL-6.

Conclusions: Women with chronic hypertension have increased serum endothelin in 
the first trimester of pregnancy and those who develop superimposed preeclampsia 
have higher levels of VCAM. None of the inflammatory mediators performed well in 
the first trimester in the prediction of preeclampsia.

K E Y W O R D S

chronic hypertension, endothelin, inflammatory mediators, interleukin-6, preeclampsia, tumor 
necrosis factor-α, vascular cell adhesion molecule

Key message

In women with chronic hypertension the performance of 
first trimester serum inflammatory markers in the predic-
tion of superimposed preeclampsia is poor.
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2.2.2 | Endothelin

Serum concentrations of endothelin were determined using the 
Quantikine Endothelin-1 ELISA kit (Biotechne, R&D Systems, 
Abingdon, UK). The detection limit was 0.09 ng/L with a measure-
ment range of 0.45-2.00 ng/L. The intra-assay coefficients of vari-
ation for the low and high concentrations were 4.0% and 1.9%. The 
inter-assay coefficients of variation for the low and high concentra-
tions were 7.6% and 5.3%.

2.3 | VCAM

Serum concentrations of VCAM were determined using the 
Quantikine VCAM ELISA kit (Biotechne). The detection limit was 
0.60 μg/L with a measurement range 349-991 μg/L. The intra-assay 
coefficients of variation for the low and high concentrations were 
2.3% and 3.6%. The inter-assay coefficients of variation for the low 
and high concentrations were 7.8% and 5.5%.

2.4 | Inclusion and exclusion criteria

The inclusion criteria for this study were singleton pregnancies re-
sulting in the live birth or stillbirth of phenotypically normal babies 
at ≥24 weeks’ gestation. We excluded pregnancies with fetal aneu-
ploidies or major defects diagnosed in the antenatal or neonatal pe-
riod and pregnancies ending in miscarriage at <24 weeks’ gestation.

For every five cases with CH we selected approximately one 
control from normotensive pregnancies that resulted in the live birth 
of non-malformed neonates and were matched to the cases for stor-
age time of maternal serum and racial origin, because the incidence 
of CH is three times higher in black than white women.1 The power 
calculation was based on a previous study on angiogenic markers in 
women with CH.11

2.5 | Definitions of adverse pregnancy outcomes

Data on pregnancy outcomes were collected from the hospital mater-
nity records. Preeclampsia was defined according to the International 
Society for the Study of Hypertension in Pregnancy as the presence of 
hypertension along with at least one of the following: renal involvement 
(proteinuria ≥300 mg/24 hour and/or serum creatinine ≥90 µmol/L 
or 1 mg/dL), liver impairment (serum transaminases >70  IU/L), neu-
rological complications (eg eclampsia), thrombocytopenia (platelet 
count <150 000/µL), uteroplacental insufficiency with fetal growth 
restriction.9 Preeclampsia was subdivided into preterm with onset at 
<37 weeks’ gestation and term with onset at ≥37 weeks’ gestation. 
Severe hypertension was defined by the presence of systolic blood 
pressure >160 mmHg and/ or diastolic blood pressure >110 mmHg. 
Small for gestational age was defined as birthweight <10th percentile 
without adjustment for maternal characteristics.12

2.6 | Statistical analyses

Normality of continuous variables was assessed by the Kolmogorov-
Smirnov test. The distribution of IL-6, TNF-α, VCAM and endothelin 
were logarithmically transformed to approximate Gaussian distribu-
tion. Comparison of maternal characteristics between the two groups 
of women with CH and the controls was by the Chi-square test for 
categorical variables or by the analysis of variance (ANOVA) and 
Kruskal-Wallis test with Bonferroni correction for post-hoc analysis 
for normally and non-normally distributed continuous variables, re-
spectively. Numerical data were expressed as median and interquar-
tile range. The measured log IL-6, log VCAM and log endothelin were 
converted to multiples of the median (MoM) of the control group, 
after adjustment for maternal characteristics. The performances of 
MoM log IL-6, MoM log VCAM, MoM log endothelin and log TNF-α 
for the prediction of PE were assessed by univariate logistic regres-
sion and the receiver operating characteristic (ROC) curve.

Due to the matched cased-control design we performed a sen-
sitivity analysis in the form of a matched-samples analysis (Mantel-
Haenszel test or conditional logistic regression for categorical 
variables, paired-samples ANOVA or Friedman’s ANOVA for contin-
uous variables) and presented as supplementary material.

Statistical analysis was performed using SPSS version 25 (SPSS 
Inc., Chicago, IL, USA).

2.7 | Ethical approval

Written informed consent was obtained from women who agreed to 
participate in the study on early prediction of pregnancy complica-
tions, approved on 17 February 2017 by the National Health Service 
Health Research Authority, Dulwich Research Ethics Committee 
(REC reference 02-03-033).

3  | RESULTS

3.1 | Population characteristics

During the study period, 448 pregnancies with CH that did not de-
velop PE and 202 with CH that did, met the inclusion criteria. The 
control group consisted of 142 normotensive women. The maternal 
characteristics of the two groups with CH and the controls are com-
pared in Table 1. In pregnancies with CH, compared with controls, 
median maternal age and systolic and diastolic blood pressure at 
11-13  weeks’ gestation were higher. In pregnancies with CH that 
developed PE, compared with those who did not, there were higher 
proportions of previous PE, family history of PE and use of antihy-
pertensive medications at 11-13 weeks’ gestation. (Table 1).

In pregnancies with CH, compared with controls, there was a 
higher proportion of small-for-gestational age neonates with a lower 
median gestational age at delivery and birthweight percentile (Table 1). 
In pregnancies with CH that developed PE, compared with those who 
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did not, there were higher proportions of treatment with antihyperten-
sive drugs at the time of delivery, development of severe hypertension 
and delivery of small-for-gestational-age neonates and lower median 
gestational age at delivery and birthweight percentile. (Table 1).

3.2 | Serum IL-6, TNF-α, VCAM and endothelin

3.2.1 | Creation of multiples of the median using 
data from normotensive controls

In the multiple regression model for log VCAM, significant independent 
contributions were provided by black racial origin (P ≤ .01, R2 = 0.067): 
Log VCAM expected = 2.754330 − 0.051222 × black racial origin.

In the multiple regression model for log IL-6, signifi-
cant independent contributions were provided by weight 

and ‘Other’ racial origin (P  ≤  .001, R2  =  0.125): Log IL-6 ex-
pected = 5.496581 + 0.004763 × weight (in kg) + 0.309845 × ’Other’ 
racial origin.

In the multiple regression model for log endothelin, sig-
nificant independent contributions were provided by black 
racial origin and parity (P  ≤  .001, R2  =  0.138): Log endothelin ex-
pected = 2.297770 + 0.076133 × black racial origin + 0.073548 × parity.

In the multiple regression model for log TNF-α, there were no signif-
icant independent contributions provided by maternal characteristics.

3.2.2 | Comparison of multiples of the median 
between groups

In women with CH, compared with the normotensive con-
trols there was a significantly higher first trimester serum 

TA B L E  1   Comparison of maternal and pregnancy characteristics between normotensive controls, women with chronic hypertension who 
did not develop superimposed preeclampsia and those who did

Variable Controls (N = 142)

Chronic hypertension

Overall
P value

No preeclampsia 
(n = 448) Preeclampsia (n = 202)

Characteristics at 11-13 weeks

Age (years), median (IQR) 31.5 (28.2-34.5)a ,b  34.0 (31.0-38.0) 34.0 (31.0-38.0) <.0001

Weight (kg), median (IQR) 81.9 (71.7-90.0) 84.5 (71.6-97.0) 83.0 (69.9-97.0) NS

Height (meters), median (IQR) 165.0 (160.0-169.6) 165.0 (161.0-170.0) 165.0 (160.0-168.3) NS

Body mass index (kg/m2), median (IQR) 30.1 (26.6-33.5) 31.0 (26.0-36.0) 31.0 (26.0-35.6) NS

Gestational age of nuchal scan, median (IQR) 12.7 (12.3-13.1) 12.7 (12.3-13.1) 12.6 (12.3-13.0) NS

Racial origin

Black, n (%) 87 (61.3) 257 (57.4) 132 (65.3) NS

White, n (%) 52 (36.6) 150 (33.5) 59 (29.2) NS

Other, n (%) 3 (2.2)a ,b  41 (9.2)b  11 (5.4) .011

Parous, n (%) 102 (71.8) 311 (69.4) 135 (66.8) NS

Previous preeclampsia, n (%) 5.0 (3.5)a ,b  163 (36.4) 92 (45.5)c  <.0001

Family history of preeclampsia, n (%) 7.0 (4.9)a ,b  51 (11.4) 35 (17.3)c  .002

Systolic BP (mmHg), median (IQR) 118.1 (112.9-125.0)a ,b  130.0 (120.0-140.0) 130.0 (120.0-140.0) <.0001

Diastolic BP in (mmHg), median (IQR) 73.0 (66.0-77.1)a ,b  80.0 (74.0-88.0) 80.0 (75.0-90.0) <.0001

Antihypertensive medications, n (%)   228 (50.9) 142 (70.2)c  <.0001

Pregnancy outcome

Antihypertensive medications at delivery, 
n (%)

  227 (50.7) 181 (89.6)c  <.0001

Severe hypertension, n (%)   68 (15.2) 86 (42.6)c  <.0001

Preterm preeclampsia, n (%)   - 119 (58.9) –

Gestation at delivery, median (IQR) 40.2 (39.4-40.9)a ,b  39.1 (38.4-40.1) 37.7 (35.6-38.9)c  <.0001

Birthweight percentile, median (IQR) 45.6 (30.2-69.0)b  42.3 (21.7-69.7) 13.9 (1.2-52.7) c  <.0001

Birthweight <10th centile, n (%) 2 (1.4)a ,b  52 (11.6) 92 (45.5)c  <.0001

Abbreviations: BP, blood pressure; IQR, interquartile range.
aStatistically significant difference between the controls and the group with chronic hypertension who did not develop preeclampsia. 
bStatistically significant difference between the controls and the group with chronic hypertension who developed preeclampsia. 
cStatistically significant difference in the chronic hypertension group between those who developed preeclampsia and those who did not. 
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concentration of endothelin but not of VCAM, IL-6 and TNF-α 
(Table 2, Figure 1). Within the cohort of women with CH, those 
who developed superimposed PE, compared with those who 
did not, had a higher first trimester serum concentration of 
VCAM, but not of endothelin, IL-6 or TNF-α (Table 2, Figure 1). 
Within the cohort of women with CH who developed superim-
posed PE, those who required delivery  <37  weeks’ gestation, 
compared with those who delivered  ≥37  weeks’ gestation, had 
higher first trimester serum concentration of VCAM (P  =  .012) 
but not of endothelin, IL-6 or TNF-α (Nzelu D, Dumitrascu-Biris 
D, Karampitsakos T, Nicolaides KH, Kametas NA, unpublished 
data).

3.2.3 | Performance of screening

Univariate logistic regression analysis demonstrated that 
MoM log VCAM was the only inflammatory mediator predic-
tive of superimposed PE. The logistic regression model was 
logitPE  =  −1.063750  +  2.224226  ×  MoM log VCAM (P  ≤  .01, 
Nagelkerke R2 0.015). The corresponding area under the ROC 
curve for VCAM in the prediction of PE was 0.537 (95% CI 0.487-
0.587) (Figure 2).

3.2.4 | Sensitivity analysis

Matched-samples analysis demonstrated identical results to 
those presented above both for comparison of maternal and 
pregnancy characteristics (Table S1) and inflammatory media-
tors (Table S2). For the performance of screening, conditional 
logistic regression analysis demonstrated that MoM Log VCAM 
was the only inflammatory mediator predictive of the develop-
ment of PE (odds ratio [OR] 6.025, 95% confidence interval [CI] 
1.34-27.07, P = .01). In contrast, MoM Log endothelin (P = .13), 
IL6 (P = .69) and TNF-a (P = .35) were not predictive of the de-
velopment of PE.

4  | DISCUSSION

The findings of this study demonstrate that at 11+0 to 13+6 weeks’ 
gestation, in women with CH compared with the normotensive con-
trols, serum levels of endothelin were increased but TNF-α, IL-6 and 
VCAM were not significantly different. Within the group of women 
with CH, only serum levels of VCAM were higher in those who devel-
oped superimposed PE compared with those who did not. However, 
in women with CH, first trimester serum levels of VCAM are poorly 
predictive of superimposed PE.

In normal pregnancy, the current literature has demonstrated a 
doubling in the production of IL-613 and TNF-α14 in the early first 
trimester when compared with non-pregnant controls. It has been 
suggested that both cytokines have a major role in the paracrine 
regulation of placental development and hormone production.2 
Conversely, first trimester maternal endothelin levels are approxi-
mately halved when compared with non-pregnant controls, which is 
considered to be a protective mechanism against the vasoconstric-
tive actions of endothelin.15

Outside of pregnancy, TNF-α has been shown to induce structural 
as well as functional alterations in endothelial cells, enhancing the 
formation and release of endothelin, a potent vasoconstrictor, and 
downregulating the production of endothelial nitric oxide synthase.7 
Significantly higher levels of endothelin have been demonstrated 
in non-pregnant patients with moderate to severe hypertension, 
which, through the effects of endothelin on vascular remodeling, 
has been shown to lead to the development and progression of ath-
erosclerosis.16 Endothelin is also known to increase the expression 
of other inflammatory cytokines, such as IL-6, and cell adhesion mol-
ecules, such as VCAM. Increased expression of VCAM and IL-6 has 
been observed in patients with primary hypertension17,18 and plays 
an important role in the early stages of hypertensive vascular injury 
and atherogenesis.19,20 Thus, the endothelial dysfunction associated 
with many forms of hypertension including PE may in part also be 
mediated through these pro-inflammatory cytokines.

There is extensive literature demonstrating raised concentra-
tions of IL-6, TNF-α, VCAM and endothelin in pregnancies already 

TA B L E  2   Comparison of maternal serum endothelin, IL-6, TNF-α and VCAM between normotensive controls, women with chronic 
hypertension who did not develop superimposed preeclampsia and those who did

Biomarkers Controls (n = 142)

Chronic hypertension
Overall
P valueNo preeclampsia (n = 448) Preeclampsia (n = 202)

Endothelin MoM, median (IQR) 1.002 (0.917-1.093)a ,b  1.031 (0.952-1.127) 1.053 (0.954-1.152) .015

IL-6 MoM, median (IQR) 0.993 (0.872-1.117) 0.935 (0.809-1.079) 0.927 (0.799-1.075) .133

TNF-α, median (IQR) 1.336 (1.255-1.420) 1.345 (1.264-1.450) 1.352 (1.248-1.481) .427

VCAM MoM, median (IQR) 0.999 (0.939-1.057) 0.979 (0.914-1.047)c  0.998 (0.932-1.084) .003

Abbreviations: IL-6, interleukin-6; IQR, interquartile range; MoM, multiples of the median; TNF-α, tumor necrosis factor-alpha; VCAM, vascular cell 
adhesion molecule.
aStatistically significant difference between the controls and the group with chronic hypertension who did not develop preeclampsia. 
bStatistically significant difference between the controls and the group with chronic hypertension who developed preeclampsia. 
cStatistically significant difference in the chronic hypertension group between those who developed preeclampsia and those who did not. 
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complicated by PE. Early atherosclerotic-like lesions have been 
demonstrated in the spiral arteries of pregnancies complicated by PE, 
particularly when preterm.6,21 As previously mentioned, IL-6, TNF-α, 
VCAM and endothelin are all involved in the inflammatory cascade 
that leads to the development of endothelial dysfunction and athero-
sclerosis outside of pregnancy.7,19 It has been proposed that, in PE, up-
regulation of these inflammatory mediators lead to the development 
of similar lesions within the feto-placental circulation and, systemi-
cally, lead to the clinical manifestation of the disease.21 However, it 
has not yet been fully determined whether this inflammatory process 
predates the placental impairment or whether it is a consequence of it.

In contrast to those later in pregnancy, results of the studies in 
the general obstetric population evaluating first trimester concen-
trations of these circulating cytokines are more conflicting. Seven 
studies have investigated maternal TNF-α levels in the first trimester 
from a total of 144 normotensive women destined to develop PE 
and 692 with uncomplicated pregnancies.22-25 Of these, two stud-
ies22 reported an increase in first trimester serum TNF-α levels in 
women destined to develop PE, and the remaining five studies22-25 
reported no significant differences. Three studies investigated first 
trimester serum IL-6 from a total of 80 women destined to develop 
PE and 558 with uncomplicated pregnancies and found no signif-
icant differences.23,25,26 Finally, two studies15,27 have reported on 
first trimester serum endothelin levels in normotensive women. One 
study demonstrated significantly higher endothelin in women who 
subsequently developed PE, this increase being proportional to the 
severity of the disease.27 The second study found a positive cor-
relation between first trimester endothelin levels and systolic and 
diastolic blood pressures within the normal range in women with 
uncomplicated pregnancies.15

To our knowledge, there are no studies evaluating first trimes-
ter serum endothelin, IL-6, TNF-α or VCAM in women with CH. 
However, as with our findings, in 24 women with insulin-dependent 
diabetes, endothelin was increased in early pregnancy when com-
pared with healthy controls.28 Furthermore, the endothelin levels did 
not differ between diabetic women who subsequently developed PE 
and those who did not.28 Diabetes and hypertension share a com-
mon pathophysiological pathway, in that endothelial dysfunction is 
a predominant feature.8 In pregnancy, the two comorbidities also 
demonstrate a similar decrease in first trimester production of pla-
cental growth factor (PLGF) indicative of abnormal placentation.29 
We have previously shown that the decrease in first trimester PLGF 
is significantly greater in women with CH who develop PE compared 
with those who do not.11 In addition, Panaitescu et al demonstrated 
that in women with CH who develop PE, a smaller deviation from 
normal in PLGF was observed.30 Altogether, this suggests that a 
smaller contribution of abnormal placentation is needed to trigger 
PE in women with preexisting endothelial dysfunction, such as in 
those with CH.30

The incidence of PE in women with CH is about 20%.1 Effective 
first trimester screening would allow for the early identification of 
women with CH who are at high risk of developing superimposed 
PE to enable appropriate pharmacological interventions and ante-
natal surveillance. Although we found that first trimester endothe-
lin was elevated in women with CH compared with controls, there 
was no difference between those who developed superimposed PE 
and those who did not. This suggests that endothelin, as a marker of 
endothelial dysfunction, on its own is unlikely to be useful in strati-
fying the care of women with CH. Furthermore, we have previously 
reported that, in women with CH, PLGF performs poorly in the pre-
diction of PE. 11

It may be that, unlike in the general obstetric population, in 
women with CH, the approach to screening and prophylaxis for PE 
needs to take into account the multifactorial contributions of both 

F I G U R E  1   Serum levels of Log TNF-α and MoM Log endothelin, 
MoM Log IL-6 and MoM Log VCAM in controls (white box), women 
with chronic hypertension who did not develop preeclampsia (light 
gray box) and women with chronic hypertension who developed 
preeclampsia (dark gray box). TNF-α, tumor necrosis factor-alpha; 
MoM, multiples of the median; IL-6, interleukin-6; VCAM, vascular 
cell adhesion molecule

F I G U R E  2   Receiver operating characteristic curves for the 
prediction of superimposed preeclampsia by MoM Log VCAM. 
MoM, multiples of the median; VCAM, vascular cell adhesion 
molecule
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preexisting endothelial dysfunction, exacerbated by the physiolog-
ical burden of pregnancy, and abnormal placentation. For example, 
the use of low-dose aspirin for the prophylaxis of PE in women at 
high risk for PE reduces the risk of preterm PE by >60%.31 However, 
the beneficial effect of aspirin for the prophylaxis of PE was not 
observed in women with CH.31 It is possible that aspirin, given to 
improve placentation, is not able to exert as significant an effect on 
the degree of placental impairment in women with CH when com-
pared with those without. Therefore, future research should focus 
on other prophylactic strategies, such as stricter control of blood 
pressure.

The strengths of this study are examination of a large population 
of women with CH recruited in the first trimester of pregnancy and 
followed up with a standardized policy for strict control of blood 
pressure throughout pregnancy. Furthermore, the exclusion of 
women with underlying renal or liver disease at booking has reduced 
the heterogeneity of the population, thereby avoiding bias in the di-
agnosis of PE.

There are inherent methodological limitations to the measure-
ment of TNF-α and IL-6 that we could not take into account in our 
analysis.32 The circadian rhythm, body mass index, diet as well as 
emotional stress have all been shown to affect circulating levels of 
IL-6 and TNF-α.32 Considering these factors, it may be that our study 
was not adequately powered to detect small differences in TNF-α 
and IL-6 between the groups.

5  | CONCLUSIONS

Women with CH have increased serum endothelin in the first tri-
mester of pregnancy and those who develop superimposed PE have 
higher levels of VCAM, but none of the inflammatory mediators pro-
vided useful prediction of superimposed PE.
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