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Abstract
Objective—We tested the hypothesis that first-trimester metabolic biomarkers offered a unique
profile in women with preeclampsia (PE) in the second half of pregnancy, compared to controls.

Method—We conducted a nested-case control study within a prospective cohort of pregnant
women followed from the first-trimester to delivery. Cases were those who developed PEat any
gestational age and these were compared with a control group without adverse pregnancy
outcome, matched for gestational age within three days. We analyzed maternal blood obtained at
11–14 weeks’ gestation for 40 acylcarnitine species (C2-C18 saturated, unsaturated, and
hydroxylated) and 32 amino acids by LC tandem mass spectrometry. Logistic regression modeling
estimated the association of each metabolite with development ofPE.

Results—We compared 41 cases with preeclampsia with 41 controls, and found four metabolites
(Hydroxyhexanoylcarnitine, alanine, phenylalanine, and glutamate) that were significantly higher
in the cases withPE. The area under the curve (AUC) using these metabolites individually to
predict PE varied from 0.77–0.80; and when combined, the AUC improved to 0.82(95% CI 0.80–
0.85) for all cases of PEand 0.85 (95% CI 0.76–0.91) for early onsetPE.

Conclusion—Our findings suggest a potential role for first-trimester metabolomics in screening
for PE.

Preeclampsia (PE) affects 5% of pregnancies and is a significant contributor to maternal
mortality and morbidity. The effects of PE extend beyond pregnancy, with associated risk of
type II diabetes, hypertensive disorders and coronary artery disease in later life (Bellamy L
2007).

Multiple pathological pathways contribute to the final phenotype of PE. These include poor
placental perfusion, defective remodeling of utero-placental vessels in early pregnancy,
maternal genetic predisposition and vascular endothelial dysfunction (Sibai et al 2005;
Levine et al 2004; Redman and Sargent 2005).

While several attempts at identifying reliable biomarkers in early pregnancy to predict PEare
ongoing, none of the suggested markers have demonstrated sufficient sensitivity and
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specificity to allow identification of pregnancies that would benefit from increased
surveillance or early preventive therapies (Spencer et al 2008, Zhong et al 2010).

Metabolomic profiling has been proposed as a strategy for discovering low molecular
weight chemicals present in the metabolome of a cell or tissue (Goodacre and Dell 2003).
This approach identifies the final downstream products of gene expression, which allows
detection of high-resolution multifactorial phenotypic signatures of the disease of interest
(Oresic et al 2008; Kenny et al 2005, Kenny et al 2008).

There are limited studies on metabolomic profiling of PE and none of these are in the first-
trimester (Kenny et al, 2010). We tested the hypothesis that first-trimester metabolic
biomarkers offered a unique profile in women withPE in the second half of pregnancy,
compared to controls without adverse pregnancy events.

Methods
This is a nested-case control study within a prospective cohort study of pregnant women
followed from the first-trimester to delivery as part of a first-trimester screening study for
adverse pregnancy outcomes.

Approval for the study was obtained from the institutional review board of Washington
University School of Medicine in St Louis, MO and all women gave written, informed
consent. Women with singleton pregnancies between 11 – 14 weeks’ gestation attending for
first-trimester aneuploidy screening were approached to participate in the study from
December 2009 to March 2011. Gestational age was calculated from the last menstrual
period and confirmed by crown-rump length measurement.

Cases were defined as patients who developed PEat any gestational age. PEwas defined
using guidelines from the American College of Obstetricians and Gynecologist (ACOG,
2002). These were compared with a control group without any adverse pregnancy outcome
followed over the same period, matched for gestational age ±3 days.

Maternal serum analytes
Each patient provided approximately 10 cc of maternal blood which was drawn by
venipuncture into non-heparinized tubes. The blood samples were allowed to clot, and
centrifuged at 1,500g for 15 minutes. The serum was then removed, and aliquots were stored
at −80°C until analyzed. 40 acylcarnitine species (C2-C18 saturated, unsaturated, and
hydroxylated) were analyzed as butyl esters by direct flow-injection and precursor ion
scanning on an API 3200 LC-MS/MS system (Applied Biosystems, Foster City, CA USA).
Quantitation was achieved using a cocktail of 8 deuterated internal standards.
Concentrations of 32 amino acids were assessed as butyl esters using C8 reversed-phase
chromatography coupled to an API 3000 LC-MS/MS system (Applied Biosystems, Foster
City, CA USA). Quantitation was performed using 32 distinct precursor-product ion
combinations (MRM mode) employing 11 deuterated internal standards. Methodological
details and analytic characteristics of this technique were previously reported by Dietzen et
al (Dietzen et al, 2008). Internal standards for both techniques were obtained from
Cambridge Isotope Laboratories, Andover, MA USA).

Statistical Analysis
The metabolite levels for the cases and the control groups were compared using Student’s t
test, Mann-Whitney test, Chi-squared or Fischer exact test, as appropriate. Logistic
regression modeling was used to estimate the association between each metabolite and PE,
adjusting for possible confounders identified from the univariate analysis. Receiver-
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operating characteristic curves and the area under the curves (AUC) were derived from the
regression models for each metabolite. A final model was created to estimate the impact of
combining all significant metabolites on the prediction of PE. Prediction scores for PE from
the model combining all positive metabolites were generated. The same analysis was
performed for the subgroup of cases with early onset PE requiring delivery under 34 weeks
compared with the control group. A p-value <0.05 was considered significant for all
analyses. Statistical analyses were performed using STATA version 10.0 (Stata Corp.,
College Station, TX).

Results
We identified 41 cases with PE and these were matched with 41 controls. The demographic
characteristics for the study population stratified by cases and controls are displayed in
Table 1. Cases with PE were more likely to be African-American and have higher body
mass indices (BMI) when compared with the control group. In addition the PE cases were
delivered at an earlier gestational age and had lower infant birth weight compared with the
control group.

Of 40 acyl carnitine and 32 amino acids evaluated, 7 metabolites were significant higher in
the cases with PE compared to the control (Table 2). Two of these,
hydroxyisovalerylcarnitine and hydroxyhexanoylcarnitine (C5OH and C6OH) are carnitine
esters and 5 are amino acids. The AUC for using these metabolites individually to predict
PE varied from 0.67–0.73. When combined, the AUC improved to 0.84 for all cases of PE
and 0.85 for early onset PE. Due to the significant differences in BMI, ethnicity and
pregestational diabetes between the cases with preeclampsia and the control group, we used
logistic regression modeling to adjust for these potential confounders. The results of the
adjusted analysis are shown in Table 3. Following the adjustment, C5OH, arginine and
hydroxyproline were no longer found to be significant. Subsequent analysis were limited to
the four significant metabolites.

The median metabolomic prediction scores for PE using the combined significant
metabolites are shown for all PE and early onset PE in figures 1A and 2A, respectively. The
ROC curves for all PE and early onset PE are shown in figures 1B and 2B, respectively.

The detection rates for all PE at a 10% false positive (FPR) using the combination of
significant metabolites is 50%; and 60% at a 20% FPR. For early onset PEthe combined
model had a detection rate of 50% at a 10% FPR. The detection rate for early onset PE
increased to 70% at a 20% FPR.

Because the acyl carnitine levels were only weakly significantly different between cases
with PE and the control group, we evaluated a reduced model containing only the three
significant amino acids listed in Table 3. The AUC for this limited model was 0.81 (95% CI,
0.72–0.88) with a similar detection rate for all PE at the different FPRs (Figure 3).

Discussion
The data show that there are seven organic molecules elevated in maternal blood above
controls in the first trimester of pregnancies that ultimately developed preeclampsia in the
second half of pregnancy. Two of these were hydroxylated carnitine esters while 5 were
amino acids. Following adjustment for potential confounders, four metabolites remained
significant. These findings lay a foundation for prospective trials that use metabolomic
signature markers in early pregnancy screening for PE.
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Our study is novel as we targeted the maternal blood metabolome in the first-trimester.
Interestingly Kenny et al (Kenny et al, 2011) evaluated maternal blood obtained at 15 weeks
gestation in 60 women with PE compared with 60 matched controls. The fourteen
metabolites significantly associated with PE were then validated in 39 other women who
developed PE, compared with 40 controls. The AUC reported by the later study for their
discovery and validation populations (0.94 and 0.90, respectively) are slightly higher than
those in the current study. Importantly, the amino acids and acyl carnitine metabolites
evaluated in that study are different from those in the current study. This underscores the
need for standardization of protocols for future studies of the metabolome.

There is a great interest in identifying reliable markers that predict PE early in pregnancy.
The aim of such efforts is to identify those pregnancies that could benefit from increased
surveillance or preventive interventions (Cuckle, H 2011). The AUC and detection rates for
PE seen in this study are similar to those reported in other studies evaluating the use of other
serum markers in the first-trimester (Poon et al, 2010; Dugoff et al 2004; Goetzinger et al,
2010). For example, Goetzinger et al reported an AUC of 0.70 using first-trimester PAPP-A
in predicting PE. Similar to reports from using other first-trimester serum markers, the
metabolites appear to have better discriminating ability in detecting early onset PE.

Our study is not without limitations. The sample size is relatively small and therefore many
metabolites that are not significant in this study may be found to be significant in future
larger studies. For example, a post hoc power analysis showed that we had only 64% power
to detect a difference in mean levels in some of the negatively-charged amino acids such as
leucine and valine. We would require 50 cases of preeclampsia and 50 controls to have 80%
power. Importantly, there are studies suggesting that the level of these metabolites can be
affected by maternal obesity, type 2 diabetes and ethnicity (Adams et al, 2009; Mihalik et al,
2010). Due to the sample size limitation, we could not perform stratified analysis using a
control group limited to obese or diabetic women. We therefore used logistic regression
analysis to adjust for these confounders. Future validation studies should be matched for
these potential confounders.

In addition we limited our data driven search for significant metabolites to two main groups
of organic molecules, acyl carnitine and amino acids. Work is ongoing evaluating other
possible metabolites. For example, quantitation of symmetric and asymmetric
dimethylarginine may shed more light on the role of nitric oxide synthase in PE because
these molecules are key regulators of nitric oxide synthase. Other predictors of PE may be
derived from the circulating lipidome which contains more than 500 distinct molecular
entities. (Quehenberger et al, 2010). The lipidome contains key mediators of a) vascular tone
(sphingosine phosphates), b) inflammation (prostaglandins), c) insulin sensitivity (free fatty
acids), and d) liver function (lipoproteins). Analysis of such additional biomarkers promises
to further improve early detection of PE.

Our findings raises the possibility of using these metabolite signatures in designing future
screening tests for PE and also may provide further insights into the pathogenesis of PE.
Larger studies are needed to validate these findings. If such studies employ a similar design
to the current study, the cases and control groups should be matched for the potential
confounders discussed above.
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Fig. 1.
A Metabolomic prediction score for all preeclampsia from model combining all 4 significant
metabolites
B ROC curve of full model with all 4 significant metabolites

Odibo et al. Page 8

Prenat Diagn. Author manuscript; available in PMC 2013 July 16.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Odibo et al. Page 9

Prenat Diagn. Author manuscript; available in PMC 2013 July 16.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2.
A Metabolomic prediction score for early onset preeclampsia (delivered <34 weeks).
B ROC curve using all 4 analytes to predict early onset Preeclampsia (requiring delivery
<34 weeks).
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Fig. 3.
ROC curve for model containing only three significant amino acids.
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Table 1

Demographics of study population.

Control (n=41) Preeclampsia (n=41) p-value

Mean Maternal age (SD) 32.9 (5.5) 30.5 (6.2) 0.07

Nulliparous (%) 12 (29.3) 20 (48.8) 0.07

Mean GA at recruitment (weeks, SD) 12.1 (0.6) 12.1 (0.7) 0.87

White (%) 25 (61.0) 17 (41.5) 0.08

Black (%) 9 (21.9) 20 (48.8) 0.01

Smoking (%) 5 (12.2) 8 (19.5) 0.36

Mean BMI (SD) 27.7 (7.2) 33.8 (8.8) 0.001

Pregestational diabetes (%) 0 (0) 9 (21.9) 0.001

Mean GA at delivery (weeks, SD) 39.0 (2.8) 35.3 (4.1) <0.0001

Mean birth weight (g, SD) 3365.9 (357.8) 2565.0 (870.3) <0.0001
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Table 3

Metabolites identified in first-trimester maternal serum adjusted for maternal BMI, diabetes and ethnicity.

Metabolite Class Adjusted
β-
coefficient
(95% CI)

Adjusted
p-value

AUC
(95%
CI)

C5OH (Hydroxyisovalerylcarnitine/Hydroxymethybutyrylcarnitine Acyl carnitine 22.9 (−2.8–48.6) 0.081 0.77 (0.67–0.85)

C6OH (Hydroxyhexanoylcarnitine) Acyl carnitine 42.2 (7.07–77.7) 0.019 0.78 (0.69–0.86)

Phenylalanine Amino acid 0.084 (0.027–0.140) 0.004 0.80 (0.70–0.87)

Glutamate Amino acid 0.022 (0.005–0.039) 0.011 0.79 (0.77–0.82)

Arginine Amino acid 0.013 (0.008–0.027) 0.050 0.77 (0.74–0.80)

Alanine Amino acid 0.018 (0.005–0.031) 0.008 0.78 (0.75–0.81)

Hydroxyproline Amino acid 0.089 (−.002–0.182) 0.058 0.76 (0.66–0.84)

Combination of four significant metabolites 0.0001 0.82 (0.80–0.85)
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