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Ongoing Collaboration



International SCOPE consortium:
SCreening fOr Pregnancy Endpoints
(www.scopestudy.net)

• Vision to predict and prevent the major diseases of late pregnancy:
– fetal growth restriction, preeclampsia, spontaneous preterm birth

• Multi-centred study to establish a unique pregnancy biobank
– centres in New Zealand, Australia, UK (3) , Ireland, USA (2)

• Currently over 5,000 women participating in the SCOPE study
– Recruitment is ongoing.

• Blood/Urine biobank + extensive clinical data collected at:
– 15 weeks gestation
– 20 weeks gestation
– Time of Disease  (including Cord Blood)



SCOPE Metabolomics Project



Homeostasis and Human Heath 
• For many years, health was defined merely as the absence of 

disease. However, it has become clear that health is an active 
process that depends on the supportive interaction of all the body's 
systems. Reflecting this concept, the World Health Organization 
(WHO) defines health as "the state of complete physical, mental, 
and social well-being and not merely the absence of disease or 
infirmity." 

• The state of health reflects the body's homeostasis, its attempt to 
maintain a relatively stable internal environment while confronted 
with changes in the external environment. One's ability to handle 
stress depends on the body's success in maintaining or returning to 
homeostasis. Failure to do so can result in abnormal function and 
disease. 



Homeostasis during pregnancy
• Pregnancy is characterized by a complex endocrine–metabolic 

adaptation process including impaired insulin sensitivity, increased 
β-cell response, moderately increased blood glucose levels 
(particularly following the ingestion of a meal), and changes in the 
levels of circulating free fatty acids, triglycerides, cholesterol and 
phospholipids.[7] These changes do not reflect a pathological 
condition; rather, they represent a necessary and indispensable 
adaptation to meet the energy demands of the fetus and to prepare 
the maternal organism for delivery and lactation.

• Di Cianni G, Miccoli R, Volpe L et al.: Intermediate metabolism in 
normal pregnancy and in pregnacy complicated by gestational 
diabetes. Diab. Metab. Res. Rev. 19,259–270 (2003).



Pregnancy and disease

Pregnancy induces a unique progression of maternal metabolic changes. These changes serve only one purpose, that 
is, to enable a fetus to grow from a mass of cells into a complex living organism by the time of its birth. The main 
conduit for the exchange of metabolites between mother and fetus, via the mother’s blood supply, is the placenta; which 
in itself independently engenders maternal metabolic change as it grows and adapts in harmony with the fetus. 
Controlled regulation of this complex triangle of metabolic interactions between mother, placenta and fetus is 
fundamental to the development of a healthy baby and equally important in maintaining a healthy state of homeostasis 
in the mother. It is logical to expect a continuous and systemic change in maternal metabolism throughout pregnancy; 
however, extreme perturbation of certain metabolites, whatever the cause, may result in adverse outcomes for mother 
and/or fetus.  For example, maternal changes in carbohydrate metabolism (e.g. glucose) are expected, as this is the 
primary fuel for a growing fetus; however, in certain women the diabetogenic effect of pregnancy overwhelming the 
body’s ability to maintain glucose homeostasis will result in gestational diabetes mellitus (GDM) [REF].



Metabolic stress during Pregnancy



Placental & Fetal Growth during 
Pregnancy



Biomarkers for disease during 
pregnancy

• Hypothesis:

• Inability for mother to maintain healthy level of homeostasis during 
gestation leads to adverse maternal/fetal outcome 
– e.g. PE, FGR, PTB, GDBM

– Causality?

• Uncover sensitive biomarkers of normal pregnancy
– Hypersensitive to conditions leading to adverse outcome.

– Reduce the search space.

– Hypothesis generation



Study design:

• a prospective longitudinal study of nulliparous women with a singleton pregnancy whom
went on to have a normal healthy pregnancy. 

• Women were selected who were as ‘normal’ with respect to age, BMI, mode of delivery, 
gestation at delivery, and babies birthweight.

• 40 women recruited

• 10 women excluded due to development of disease, or adverse pregnancy outcome.  

• Blood and urine samples were collected at the first visit to the maternity hospital at 15 
weeks, and then further sampled at 24, 28, 32, 36, 40 weeks and finally at a time point > 
6 weeks after delivery.

• The primary aim of this study was to characterize changes in the metabolic profile of 
blood plasma and urine taken from normal pregnant women at various time-points 
during pregnancy and postnatally. 



• Plasma collected, and stored at -80ºC (using strict SCOPE SOPs)
• Plasma Analysed using Ultra Performance Liquid Chromatography-

Mass Spectrometry (3 batches of 80 samples – across 3 days)
• Urine Analysis using GC-MS (8 batches of ~32 samples – across 8 

days)
• After every 5th sample a pooled QC sample was injected
• Strict Quality Assurance protocol was followed.

Experimental Design 



Analytical Protocol



CLEAN DATA = CLEAN MODELS

Untargeted Metabolic Profiling
Careful Expt Design

Quality Control Samples
Data Cleaning

Quality Assurance Procedures



Data Analysis



Multivariate Statistics: Plasma
PCA → Canonical Variate Analysis (CVA)
log transformed
KNN missing value imputation
Pareto Scaled

a total of 1279 metabolite features reproducibly detected 



Multivariate Statistics: Urine
PCA → Canonical Variate Analysis (CVA)

a total of 130 metabolite features reproducibly detected 



Multivariate Statistics: Plasma & Urine
PCA → Canonical Variate Analysis (CVA)

Plasma Urine



Univariate Statistics: Plasma & Urine
Repeated Measure ANOVA
(corrected Benjamini and Hochberg)

Plasma Urine

• 690 significant peaks 
• 54% (690/1279)
• 196 were putatively identified 

as ‘unique’ endogenous 
metabolites 

• 42 significant peaks
• 32% (42/130)
• 35 were chemically identified



Univariate Statistics: Plasma & Urine
Repeated Measure ANOVA
(corrected Benjamini and Hochberg)

Plasma (196) Urine (35)

Amino Acids – 15
Carbohydrates – 4
Cholesterols – 22
Hopanoids - 2
Ketones and aldehydes – 4
Lipids – 97
Organic Acids - 30



Hierarchical Cluster Analysis : Plasma
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Hierarchical Cluster Analysis : Plasma



Hierarchical Cluster Analysis : Urine
univariate significant peaks only
metabolite response averaged across all patients  
multivariate Euclidean distance metric
Ward’s group linkage
2-way hierarchical trees
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Hierarchical Cluster Analysis : Urine



Personalized medicine
Personalized metabolite trajectories

Woman A

Woman B
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Personalized medicine
Personalized metabolite trajectories
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Personalized medicine
Personalized metabolite trajectories
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Woman B



Personalized medicine
Personalized metabolite trajectories

Woman A Woman B



Plasma Example: Calcidiol
*major circulating metabolite of vitamin D3. This is the form of vitamin D that is 
measured in order to assess vitamin D deficiency

Calcidiol appeared in cluster D



Population trajectory for Calcidiol 



Individual trajectories for each woman
(normalized in order to compare change not absolute values)

2nd order polynomial fitted to each
trace in order to remove ‘noise”
and outliers. Thus giving a
qualitative picture of individualised
metabolite trajectory



Cluster Analysis of individual 
trajectories for Calcidiol



3 Distinct trajectories within the 
population of 30 women

• Trajectory 2 is closest to 
the average population 
trajectory, showing a 
clear decline and then 
recovery.

• Trajectory 1 shows a 
slower decline which 
continues to decrease 
after birth

• Trajectory 3 shows just 
a slight decline between 
15-20 weeks’ and then 
recovery – possibly a 
dramatic decline occurs 
in the first trimester



Comparison will clinical meta-data.

Patient Group
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P = 0.04 



Plasma Example: Sphingosine 1-phosphate
*early biomarker for Preeclampsia and Fetal Growth Restriction 

Sphingosine 1-phosphate
appeared in cluster B



Population trajectory for Sphingosine 1-
phosphate 



Cluster Analysis of individual trajectories 
for Sphingosine 1-phosphate



4 Distinct trajectories within the 
population of 30 women



Plasma Example: 4-Deoxyerythronic acid
*linked to diabetes mellitus

4-Deoxyerythronic acid 
appeared in cluster A



Population trajectory for 
4-Deoxyerythronic acid



Cluster Analysis of individual trajectories 
for 4-Deoxyerythronic acid



4 Distinct trajectories within the 
population of 30 women



Metabolomics = Systems Biology

Ahn AC, Tewari M, Poon C-S, Phillips RS (2006) The Clinical Applications of a Systems Approach. 
PLoS Med 3(7)
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