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Abstract

Objective—Evaluate association of the inflammatory marker C-reactive protein with recurrent
preeclampsia.

Methods—Serum samples collected longitudinally in women with previous preeclampsia from
the Maternal-Fetal Medicine Units Network trial of aspirin to prevent preeclampsia were assayed
for CRP.

Results—Of 255 women studied, 50 developed recurrence. Baseline C-reactive protein
concentration was similar between women who did and did not recur. After adjusting for
confounders, neither elevated baseline C-reactive protein nor its change over gestation was
associated with recurrence.

Conclusion—In this group of women with previous preeclampsia, neither baseline C-reactive
protein concentration nor change in concentration over gestation was associated with recurrent
preeclampsia.
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Introduction

Methods

Preeclampsia is a hypertensive disorder unique to pregnancy, characterized by maternal
endothelial dysfunction and an excess inflammatory response.(1-3) The syndrome shares
underlying pathophysiologic processes with cardiovascular disease and may portend its later
development.(4, 5) Preeclampsia complicates approximately 5% of pregnancies and
contributes significantly to maternal and perinatal morbidity and mortality. The specific
pathogenesis of preeclampsia remains incompletely elucidated, though contributing factors
have been identified, including abnormal placentation, oxidative stress, altered angiogenic
factors, and inflammation.(6)

C-reactive protein (CRP) was identified in the 1930s as a plasma protein associated with
acute inflammatory responses.(7) In the past decade, elevations in serum CRP have been
associated with risk of cardiovascular disease(8), raising interest in the relationship of CRP
with preeclampsia as a predictor of the syndrome and possible contributor to its
pathogenesis. CRP concentrations are elevated in women with clinically evident
preeclampsia. (9-17) However, the utility of CRP in the pre-clinical prediction of
preeclampsia has been less consistent. (18-22)

Our objective was to assess the relationship between CRP in early pregnancy and the change
in CRP during pregnancy with the subsequent development of preeclampsia in a population
of women at high-risk for the syndrome. We sought to evaluate a possible predictive role of
CRP for recurrent preeclampsia in women with a history of the disease in a prior pregnancy.

Study Design

We performed a secondary analysis of samples collected during the Maternal-Fetal
Medicine Units Network multicenter randomized controlled trial: Low-Dose Aspirin to
Prevent Preeclampsia in Women at High Risk.(23) This study investigated four groups of
high-risk women: those with pre-gestational diabetes mellitus, chronic hypertension,
multifetal gestation, and those with a history of preeclampsia in a previous pregnancy. For
this study, we specifically investigated the subgroup of women with a prior history of
preeclampsia (n = 606). At the time of enrollment in the clinical trial, a subset of women
also agreed to participate in longitudinal collection of blood samples (n=262 for the prior
preeclampsia subgroup). From these women, samples were drawn at three possible time
points: 1) baseline (7—26 weeks of gestation), 2) 24-28 weeks of gestation, and 3) 34-38
weeks of gestation. Serum samples, continuously stored at —80 degrees Celsius since the
original trial, were thawed for use in this study. Recurrent preeclampsia and gestational
hypertension were defined according to criteria described in the primary study.(23) Briefly,
gestational hypertension was defined as either systolic blood pressure =140 mm Hg or
diastolic blood pressure =90 mm Hg persistent over two measurements at least four hours
apart. Preeclampsia was defined as gestational hypertension combined with either
proteinuria (300mg protein in a 24-hour urine collection or 2 urinary dipsticks = 2+,
measured four hours apart and in the absence of infection), thrombocytopenia (platelet count
< 100,000/mm3), or pulmonary edema.
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Institutional Review Board approval for the use of these stored samples was obtained at both
the University of Pittsburgh and the George Washington University. Subjects had provided
informed consent prior to enrolling in the initial study. Laboratory assessment was
completed at Magee-Womens Research Institute, and data was subsequently linked and
statistical assessment completed at the George Washington University Biostatistical
Coordinating Center.

Laboratory methods

CRP was measured by high-sensitivity ELISA. Microplate wells were coated with a rabbit
anti-human CRP antibody (Dako Corp. Denmark) overnight. Potential nonspecific binding
sites in the microplate wells were blocked using a 2% BSA and 0.05% Tween 20 buffer.
Serum samples and recombinant CRP standards were diluted in physiologic buffer that
contained 2% BSA. Diluted standards and samples were incubated in the microplate wells
for 1 hour at room temperature and then the unbound proteins were washed with a PBS,
0.05% Tween 20 wash buffer. The microplate wells were incubated with a diluted
polyclonal rabbit anti-human CRP antibody (1:500) conjugated to horseradish peroxidase
(HRP) (Dako Corp. Denmark) for 1 hour at room temperature. After incubation, the
microplate wells were washed again and incubated with a substrate for HRP. The amount of
CRP in the diluted samples was directly proportional to the amount of color that develops in
each well and was compared to the values obtained from the standard curve. The standard
curve was linear from 0.2 to 7.5ng/ml. The sensitivity is 0.2ng/ml and spike and recovery
tests indicated 91 to 103% recovery. The intra-assay and inter-assay variability were 3.9%
and 6.5%, respectively. Correlation with an established commercial laboratory (Quest
Diagnostics) showed an r2 of 0.97.

Statistical Methods

Results

Continuous variables were compared using the Wilcoxon rank-sum test and categorical
variables using the chi-square test. The Kruskal Wallis test was used to compare the CRP
concentration for three outcome categories, normal, hypertensive and preeclamptic. Logistic
regression with a pre-planned multivariable analysis was used to investigate associations of
the recurrence of preeclampsia with 1) baseline CRP concentration, and 2) change in CRP
concentration over gestation. Change in CRP was calculated by taking the difference of the
CRP value at baseline and the CRP value closest to delivery and dividing by the number of
weeks between the two sample collections. The multivariable analysis included body mass
index (BMI, calculated from self-reported height and pre-pregnancy weight), gestational age
at baseline sample collection, race, age, and smoking status. The logistic regression model
for change in CRP concentration over gestation also included aspirin treatment and baseline
CRP concentration.

We performed an a priori power analysis estimating that our study would have 80% power
to detect a 30% difference in baseline CRP using a two-sided test with a significance level
of 0.05, assuming a mean and standard deviation of CRP concentration in normal pregnancy
of 0.3mg/dL and 0.2mg/dL, respectively.(24) Statistical analysis was performed using SAS
version 8.2 (SAS Institute, Cary, NC).

Of the 606 women with a history of preeclampsia in a prior pregnancy enrolled in the
original trial, 262 had agreed to participate in the longitudinal collection of blood samples at
the time of enrollment in the original trial. Of these, there were 259 for whom samples were
available. Four women were excluded from the analysis; three women were missing a
baseline serum sample, and one woman only had a baseline serum sample and was missing
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subsequent samples resulting in 255 women in the final analysis. Demographic
characteristics of the 255 women studied in this secondary analysis were compared with the
351 women enrolled in the original randomized trial and not included in this analysis. There
were no differences between those studied and those not studied with respect to race,
smoking status, age, or BMI. Fifty of these 255 women (20%) developed recurrent
preeclampsia, which was similar to the preeclampsia rate seen among women enrolled in the
original trial (16.5%, p=0.33). Of those subjects with recurrent preeclampsia, 16 (32%) met
criteria (1) for severe disease. An additional 37 women (15% of the total population)
developed isolated gestational hypertension and were included in the control group since
CRP measures were similar among these women and controls. The demographic
characteristics of the women according to outcome are shown in Table 1. While none of
these baseline characteristics was different between the groups, there was a trend toward
higher BMI among subjects who developed preeclampsia (mean BMI 30.2 versus 27.7 kg/
m? for the control group, p=0.09).

The original trial of low dose aspirin in high-risk patients indicated no effect of aspirin on
outcome, and in our subgroup, the incidence of preeclampsia was not significantly different
in the aspirin and placebo treated groups (18% versus 21%, respectively, p=0.47). We found
no effect of aspirin treatment on change in CRP concentration (p=0.31). We considered
whether there was an interaction between aspirin treatment and CRP; in the regression
model, neither the interaction between CRP and aspirin treatment nor between change in
CRP and aspirin was significant. For these reasons, aspirin treated and placebo groups were
combined for analysis in this study.

As shown in Table 1, the gestational age at baseline sample collection was similar for
women with preeclampsia versus controls. There was no discernable relationship of baseline
CRP concentration to gestational age.

Maternal serum CRP concentration was not different at the time of baseline sampling (7.6—
26.9 weeks gestation) between subjects who later developed preeclampsia compared with
women with previous preeclampsia who did not develop recurrence in the present
pregnancy. The results of this comparison and the logistic regression analyses are shown in
Table 2. There was no association of baseline CRP concentration or the change in CRP with
the development of preeclampsia. In order to assess whether more extreme elevations in
CRP were associated with recurrence, we performed a subanalysis dichotomizing baseline
CRP using the 75th (1.7mg/dL) and 90th (2.3mg/dL) percentiles which were derived from
the study population. There was no difference between those with recurrent preeclampsia
and those without preeclampsia (26% vs. 24% for the 75! percentile, and 8% vs. 10% for
the 90 percentile). In addition, there was no difference in CRP among women with preterm
preeclampsia (n=16) compared with preterm controls (n=29) (data not shown).

In order to assess whether the variability in gestational age at baseline altered the association
of baseline CRP with recurrent preeclampsia, we considered an interaction between CRP
and gestational age at sample collection. In the regression model, this interaction was not
significant (p=0.85).

Discussion

Interest regarding CRP and preeclampsia has been driven by the cardiovascular literature as
well as by interest in whether CRP may contribute to the excess maternal inflammation
evident in preeclampsia. This protein, long considered a marker of acute inflammation, has
also been hypothesized to contribute mechanistically to the innate immune response and
perhaps to disease states.(25, 26) The association of preeclampsia with later-life
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cardiovascular disease(4, 5) has led to studies of whether CRP and other markers remain
elevated postpartum in women with preeclampsia or eclampsia, and indeed, CRP
concentrations measured much later in life are reported elevated in these subjects.(27)
Surprisingly, however, such differences have not been observed in studies performed 1-6
years postpartum.(28, 29) Thus, some speculate that the association of measurable markers
of cardiovascular risk with preeclampsia increases with age and is not apparent until years
after delivery.(30)

We postulated, therefore, that a population of women with previous preeclampsia might
show normal CRP concentrations between pregnancies but would constitute a population
that was particularly likely to manifest increased CRP in a subsequent complicated
pregnancy. Thus we investigated whether women with previous preeclampsia and destined
to have recurrent preeclampsia would have elevated or rising CRP concentrations, but our
results did not support this hypothesis.

Our results add to a complicated body of evidence regarding CRP alterations in
preeclampsia. While CRP has been reported to be elevated in clinically-evident disease,(9-
17) results have been inconsistent regarding CRP concentrations preceding the syndrome.
(18-22)

In examining possible reasons for these inconsistencies, one notes that many studies have
not accounted for BMI in the analyses. Further, in some studies, univariate differences in
CRP were attenuated or negated by controlling for BMI.(9, 10, 13) Interestingly, Qui and
colleagues performed a subset analysis noting that in lean women, CRP was predictive of
subsequent preeclampsia, suggesting that it may have an effect but that the more dramatic
influence of obesity superseded a smaller CRP-specific effect in their non-lean population.
(20) In our study, the factor in our logistic regression model which came closest to statistical
significance in predicting preeclampsia was BMI. However, our ability to comprehensively
evaluate the relationship between adiposity, CRP, and preeclampsia was limited by lack of
data on patient weight gain during gestation.

This mechanistic potential of CRP is particularly interesting in the context of obesity, as
CRP is strongly correlated with BMI and is also influenced directly by endocrine function of
adipose tissue. Benyo et al demonstrated that there is no difference in the expression of pro-
inflammatory cytokines in the placentas of preeclamptic women compared with controls,
suggesting that increases in maternal inflammatory markers in preeclampsia must derive
from a non-placental source.(31) CRP is primarily produced by hepatocytes, under the
influence of interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a). Both of these
pro-inflammatory cytokines are produced by adipose tissue.(32, 33) Interestingly, IL-6 and
TNF-a are also elevated in clinically-manifest preeclampsia.(34) The link between obesity
and preeclampsia is well-established. In a study aiming to quantify mechanisms by which
obesity predisposes to preeclampsia, Bodnar and colleagues found that increased
inflammation (as measured by CRP), in combination with hypertriglyceridemia, accounted
for approximately one-third of this excess risk.(35)

In addition to the potential confounding effect of BMI differences on CRP concentrations,
there are several other factors that may affect our findings. In order to detect slight
alterations in CRP, influences on the baseline concentration, independent of the disease
process in question, must be taken into account. Investigators have consistently found that
there is an elevation in CRP in pregnancy relative to the non-pregnant state. Thus, general
pregnancy-related factors directly influence baseline CRP concentrations, and any predictive
value of CRP for preeclampsia must therefore represent an elevation above this new
baseline. However, trends in CRP concentration relative to gestational age have not been
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discernable.(24, 36-38) As mentioned, our data similarly showed no relationship between
gestational age and baseline CRP concentration (data not shown). It may be that the CRP
elevation associated with pregnancy masks any subtle changes that might represent an
inflammatory tendency in some women. Along similar lines, other investigators have found
that the consistent association of smoking with elevated CRP is not discernable in
pregnancy.(38) The effect of pregnancy itself on CRP may limit its utility as a marker of
preeclampsia risk in contrast to the association with cardiovascular disease in the
nonpregnant state.

One other factor which may have led to generally higher concentrations of CRP in our
population is the racial distribution. CRP has been shown to be slightly higher in African
Americans compared to Caucasians,(39, 40) an effect which is more pronounced in
pregnancy.(38) As three-quarters of our patient population were African American, this may
have contributed to a baseline higher concentration of CRP, thus diminishing our
discriminatory capacity for more subtle differences.

Additionally, of crucial importance in the assessment of the utility of CRP as a predictive
marker for preeclampsia is the performance of the assay used for its quantification. Early
assays for CRP were only able to quantify large increases in concentration, as is seen in
acute inflammation (one thousand-fold elevations or more). More recently, as investigators
have become interested in the elevation of CRP in the prediction of cardiovascular disease
(two- to three-fold elevations), requisite assay sensitivity has increased dramatically. It has
been suggested that for the purposes of research, a minimum sensitivity of 0.15mg/L is
necessary.(41) As noted, our ELISA-based methodology resulted in an internally consistent
assay with sensitivity below this recommended threshold. The serum samples assayed for
this study had been stored at —80 degrees Celsius for several years. While freezing may
theoretically alter CRP concentration, this effect is minimized by the fact that this was the
first thaw of these samples. In addition, any effect of freezing would not be expected to
differentially affect samples from subjects with recurrent preeclampsia compared with those
without recurrence.

The strength of our investigation is in the large number of women studied and the ability to
examine trends across gestation. Smaller studies cannot avoid being dramatically influenced
by large inter-individual variation in CRP concentration. One potential limitation for our
analysis is the variability of gestational ages at the time of baseline sample collection.
However, the lack of relationship between baseline CRP and gestational age, the fact that
gestational age at sample collection was controlled for in the multivariable analysis, the lack
of a detectable interaction between gestational age and baseline CRP, and the use of a
calculated trend parameter all limit the implication of this variability.
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Perspectives

In summary, our results suggest that the potential usefulness of CRP as a predictor of
recurrence of preeclampsia is limited. This may be related to the larger effects of
pregnancy, the significant inter-individual variation in CRP concentrations, the effect of
racial differences in CRP, and the effects of adiposity, all of which can dramatically alter
CRP concentrations and mask any discernable underlying predisposition toward
inflammation. However, the inflammatory pathways that may be contributing to the
syndrome (as evidenced by Qiu and others’ residual effect in lean women and Bodnar
and others’ suggestion that inflammation is likely one of the major ways in which obesity
predisposes to preeclampsia) remain incompletely elucidated and warrant further
investigation.
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Historical and demographic descriptors of patients with recurrent preeclampsia and controls:

Table 1

Preeclampsia | Controls P-value
n=50 n=205
Race 0.28
Caucasian, n (%) 13 (26%) 42 (20%)
African American, n (%) 37 (74%) 155 (76%)
Hispanic, n (%) 0 (0%) 8 (4%)
Smoking, n (%) 9 (18%) 32(16%) | 0.68
Age (years) 25.145.6 24654 0.38
BMI (kg/m?) 30.2 9.2 27.7+7.7 | 0.09
Gestational age at baseline sample collection (weeks) | 18.6 4.5 19.3+4.3 0.32

Data are presented as number of subjects (%) or mean + standard deviation.
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Table 2

Baseline CRP concentration and change in CRP are not associated with recurrence of preeclampsia

Page 12

Preeclampsia (n=50)

Controls (n=205)

Median (range)

Median (range)

OR (95% CI) ##

Adjusted OR (95% CI) ##

Baseline CRP (mg/dL)

1.17 (0.09, 5.72)

1.01 (0.01, 4.97)

1.000 (1.000, 1.000)

1.0 (1.000, 1.000)

CRP closest to delivery (mg/dL) | 0.71 (0.06, 2.94)

0.76 (0.01, 4.62)

Change in CRP (mg/dL)

-0.02 (-0.22, 0.30)

-0.02 (-0.43, 0.05)

0.996 (0.992, 1.001)

0.993 (0.986, 1.000)%

*
Controlling for BMI, gestational age at baseline sample collection, race, age, and smoking status.

Controlling for BMI, gestational age at baseline sample collection, race, age, smoking status, baseline CRP concentration and aspirin treatment.

3 . . . . .
Odds ratio represents an increase in odds for each pg/dl increase in CRP.
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