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SERUM PlGF * sFlt-l Ratio 
p g/ml pg/ml (sFlt-l/PlGF) 

Controls 163 478 3 
GDM 34 723 21 
PE 26 1 176 45 

m PlGF* lL-6* MCP-.1* 
pg/g Cr pg/g Cr - pg/gcr. 

PE 53.7 40.7 ' 4954 
Controls 71.9 ‘10.9 244 
*Normalized for urine creatinine 

F l G. 6 

Postpartum Pilot GDM PE UP 
. Age (yrs) ' ~ 27 33 32 

BMI (kg/m2) . I _ 27 26 25 

CRP~(mg/L) 4 ' 1.2 1.4 0.6 

IL-6 (pg/ml) 2.1 1.9 1.1 
Fasting Glucose (mmol) 5 4.7 4.4 
Fasting Insulin (pmol/L) 84 84 66 
HOMAIR 3.12 2.86 1.96 
AI3O/AG3O (PIIlOl/ITIIDOD 
HOMA-IR = (fasting insulin X fasting g1ucose)/22.5) 
AI3O/AG3O (pmol/mmoD-?rst-phase insulin secretion 

FIG. 7 
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SCREENING FOR GESTATIONAL 
DISORDERS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a divisional of US. patent appli 
cation Ser. No. 10/947,791, ?led Sep. 23, 2004, Which claims 
the bene?t of U. S. Provisional Patent Application No. 60/505, 
707, ?led on Sep. 23, 2003. The contents of the foregoing are 
incorporated herein by reference in their entirety. 

STATEMENT AS TO FEDERALLY SPONSORED 
RESEARCH 

[0002] This invention Was made With Government support 
under HD39223 aWarded by the National Institutes of Health. 
Thus, the Government has certain rights in the invention. 

TECHNICAL FIELD 

[0003] This invention relates to screening for gestational 
disorders, and more particularly to screening for biomarkers 
present in a biological sample obtained from a pregnant sub 
ject that are indicative of a gestational disorder. 

BACKGROUND 

[0004] Gestational diabetes mellitus (GDM) and preg 
nancy-induced hypertension (PIH) complicate 2-3% and 
5-10% of all pregnancies, respectively. These disorders can 
occur in the third-trimester of pregnancy and are associated 
With signi?cant maternal and fetal morbidity and mortality. 
Gestational diabetes has been described as the neW onset or 
neW diagnosis of glucose intolerance during pregnancy and is 
associated With fetal complications relating to macrosomia, 
such as shoulder dystocia and birth trauma. In addition, GDM 
is associated With increased cesarean section rates and 
increased risk of PIH. PIH is associated With preterm labor, 
increased cesarean section rates, acute renal failure, hepatic 
dysfunction, stroke, coagulopathy and death. For the fetus, 
PIH is associated With loW birth Weight, extended neonatal 
intensive care and intrauterine death. 
[0005] PIH-related disorders include preeclampsia (PE) 
and gestational hypertension (GH). Preeclampsia is charac 
teriZed as the combination of high blood pressure (hyperten 
sion), sWelling (edema), and protein in the urine (albumin 
uria, proteinuria) developing after the 20th Week of 
pregnancy. Preeclampsia ranges in severity from mild to 
severe; the mild form is sometimes called proteinuric preg 
nancy-induced hypertension or proteinuric gestational hyper 
tension. Gestational (transient) hypertension is generally 
characterized as the acute onset of hypertension in pregnancy 
or the early puerperium Without proteinuria or abnormal 
edema and resolving Within 10 days after delivery. 
[0006] Individuals at increased risk of developing preec 
lampsia and eclampsia include primigravidas and Women 
With multiple gestations, molar pregnancy or fetal hydrops, 
chronic hypertension or diabetes, or a personal or family 
history of eclampsia or preeclampsia. Preeclampsia (PE) and 
gestational hypertension (GH) are forms of PIH. 
[0007] The present standard therapy for PIH, including PIH 
resulting from GDM, is delivery, often at the expense of fetal 
Well-being. Prophylactic strategies to prevent PIH, including 
calcium supplementation and aspirin therapy, have been 
mostly unsuccessful. One reason these trials have failed is 
that the absence of screening tests limits the ability to admin 
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ister the therapeutic interventions early enough to modify 
pregnancy outcome. For example, diagnosing PE by the 
appearance of edema and proteinuria alone is unreliable as 
edema is common in normal pregnancies and measurable 
proteinuria usually occurs only after hypertension is mani 
fested. Therefore, such a test lacks speci?city and fails to 
detect GDM or PIH prior to manifestation of the disease in the 
third trimester of pregnancy. 
[0008] Currently, no single biochemical marker, or plural 
ity of biochemical markers, reliably identi?es Women at risk 
for developing GDM or PIH prior to the third trimester of 
pregnancy. Thus, there exists a need for diagnostic methods 
and compositions that lead to early implementation of 
therapy and improved pregnancy outcomes for Women at risk 
for gestational disorders. 

SUMMARY 

[0009] The invention is based on the discovery that sex 
hormone binding globulin (SHBG) and/or placental groWth 
factor (PlGF) can be used as early indicators for the risk of 
developing any of the pregnancy complications preeclamp 
sia, gestational diabetes, and gestational hypertension. The 
assays for SHBG and PlGF are simple and inexpensive, can 
be performed during the ?rst trimester as early as 5 Weeks 
after conception, and do not require any preparation on the 
part of the Woman (for example, the tests can be done under 
fasting or non-fasting conditions). Thus, the invention pro 
vides methods for utiliZing insulin resistance biomarkers, 
such as SHBG and cytokines such as interleukin-6 (IL-6), and 
angiogenic biomarkers, such as PlGF and soluble fms-like 
tyrosine kinase 1 (sFltl), as indicators of the risk for devel 
oping various pregnancy complications. 
[0010] In general, the invention features methods of deter 
mining a Woman’s risk of developing a gestational disorder, 
such as preeclampsia, gestational diabetes, and/or gestational 
hypertension, during pregnancy, by obtaining a biological 
sample, such as blood or serum, from a pregnant Woman 
during the ?rst or second trimester of pregnancy (e.g., at 5 
Weeks after conception, or at any time betWeen 6 to 12 Weeks, 
or at 8, l0, l2, l4, l6, 18, 20, or 24 Weeks after conception); 
and measuring the level of sex hormone binding globulin 
(SHBG), or SHBG and P1 GP, in the sample; Wherein the level 
of SHBG, or SHBG and PlGF, in the sample indicates the 
level of risk of developing preeclampsia, gestational diabetes, 
or gestational hypertension. In these methods, the sample can 
be a fasting or non-fasting sample. The neW methods can be 
used to assess the level of risk for all or any one or more of 

gestational diabetes, gestational hypertension, and preec 
lampsia. PlGF can also be detected in urine samples. 
[0011] In certain embodiments, the methods include mea 
suring the level of SHBG in a biological, e.g., serum orblood, 
sample obtained from the pregnant subject; measuring the 
level ofPlGF in a biological sample, e.g., a serum, blood, or 
urine sample, obtained from the pregnant subject; comparing 
the SHBG level obtained from the pregnant subject With an 
SHBG level obtained from at least one subject having a nor 
mal pregnancy; and comparing the Pl GF level obtained from 
the pregnant subject With a PlGF level obtained from at least 
one subject having a normal pregnancy. A loW level of SHBG 
and PlGF present in the sample obtained from the pregnant 
subject, as compared to the levels present in the at least one 
subject having a normal pregnancy, indicates that the preg 
nant subject has, or is predisposed to having, a gestational 
disorder. 
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[0012] In another aspect, the SHBG and/ or PlGF levels are 
correlated With: 1) the gestational age at the time SHBG and 
PlGF levels are measured; 2) the pregnant subject’s age; 3) 
the pregnant subject’s parity; and 4) the pregnant subject’s 
body mass index. 

[0013] In another aspect, the method further includes mea 
suring the level of at least one cytokine or groWth factor (or 
both) in the subject biological sample, e.g., urine, blood, or 
serum sample, and generating a subject pro?le comprising a 
value or plurality of values, each value representing a level of 
a speci?c cytokine, SHBG, and/or PlGF, and comparing the 
subject pro?le With a reference pro?le, Wherein the reference 
pro?le comprises a value or plurality of values, each value 
representing a level of a speci?c cytokine, SHBG, and/or 
PlGF in a reference urine sample obtained from a reference 
subject. The cytokine can be an immune/hematopoietin, an 
interferon, a tumor necrosis factor (TNF)-related molecule or 
a chemokine. Examples include interleukin (IL)-6, IL-8, 
IL-lp, monocyte chemoattractant protein (MCP)-l or TNF 
A, or any combination thereof. A reference pro?le can be 
generated from a sample obtained from any source contain 
ing, or believed to contain, a cytokine. References levels of 
cytokines and/or groWth factors can be used to generate ref 
erence pro?les. For example, the reference pro?le can be 
obtained from the urine, serum, plasma, amniotic ?uid, or 
placental tissue of a reference subject. A reference subject can 
be a pregnant individual having a gestational disorder or a 
pregnant individual having a normal pregnancy. 

[0014] The methods of the invention can be accomplished 
by contacting a sample obtained from a pregnant subject With 
an array of immobiliZed biomolecules speci?c for SHBG 
and/ or PlGF and detecting a modi?cation of the biomol 
ecules. The modi?cation is indicative of the level of SHBG 
and/or PlGF in a sample and can include stable or transient 
binding of the biomolecule to SHBG or PlGF. The subject 
SHBG and PlGF levels can be compared to reference levels 
obtained from reference subjects. Reference levels can fur 
ther be used to generate a reference pro?le from one or more 
reference subjects. In one aspect, the biomolecules are anti 
bodies, such as monoclonal antibodies. In another aspect, the 
biomolecules are antigens, such as viral antigens that speci? 
cally recogniZe cytokines. In yet another aspect, the biomol 
ecules are receptors. 

[0015] In another aspect, the invention features arrays for 
detecting a gestational disorder. These arrays include a sub 
strate having a plurality of addresses, each address having 
disposed thereon a set of one or more biomolecules, and each 
biomolecule in a set speci?cally detecting the same molecule; 
Wherein a ?rst set of one or more biomolecules speci?cally 
detects SHBQ and a second set of one or more biomolecules 
speci?cally detects PlGF. The arrays can further include 
biomolecules that speci?cally detect cytokines such as, for 
example, interleukin (IL)-6, IL-8, IL- 1 [3, monocyte chemoat 
tractant protein (MCP)-l or TNF-ot. In one aspect, an array of 
the invention further includes at least tWo addresses having 
disposed thereon an immobiliZed groWth factor-speci?c bio 
molecule that speci?cally detects at least one groWth factor, 
such as, for example, soluble fms-like tyrosine kinase-l 
receptor (sFlt-l), vascular endothelial groWth factor (VEGF), 
or ?broblast groWth factor (FGF)-2. 
[0016] The invention also features a pre-packaged diagnos 
tic kit for detecting a gestational disorder. The kit can include 
an array as described herein and instructions for using the 
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array to test a biological sample, e. g., a urine, blood, or serum 
sample, to detect a gestational disorder. 
[0017] The invention also includes methods, e.g., using the 
neW arrays, to determine the ef?cacy of a therapy adminis 
tered to treat a gestational disorder. These methods include 
contacting the array With a sample obtained from a pregnant 
patient undergoing therapy for a gestational disorder. The 
level of SHBG and/or Pl GF can be determined and compared 
to the level of SHBG and/or PlGF detected in a sample 
obtained from the patient prior to, or subsequent to, the 
administration of the therapy. Subsequently, a caregiver can 
be provided With the comparison information for further 
assessment. 

[0018] Further, a subject pro?le can be entered into a com 
puter system that contains, or has access to, a database that 
includes a plurality of digitally-encoded reference pro?les. 
Each pro?le of the plurality has a plurality of values, each 
value representing a level of SHBG and/or PlGF of a preg 
nant individual having, or predisposed to having, a gesta 
tional disorder. In this manner, a single subject pro?le can be 
used to identify a subject at risk for developing a gestational 
disorder based upon reference values. 
[0019] Thus, in other aspects, the invention also features 
computer-readable media that contain a database including 
one or more digitally-encoded reference pro?les, Wherein a 
?rst reference pro?le represents a level of SHBG in one or 
more samples from one or more pregnant individuals having 
a gestational disorder, and optionally, a second reference 
pro?le that represents a level of PlGF in one or more samples 
from one or more pregnant individuals having a gestational 
disorder. 
[0020] The invention also features computer systems for 
determining Whether a pregnant subject has, or is predisposed 
to having, a gestational disorder. These systems include a 
database that has one or more digitally-encoded reference 
pro?les, Wherein a ?rst reference pro?le represents a level of 
SHBG in one or more samples from one or more pregnant 

individuals having a gestational disorder, and, optionally, a 
second reference pro?le represents a level of PlGF in one or 
more samples from one or more pregnant individuals having 
a gestational disorder; and a server that includes a computer 
executable code for causing the computer to: i) receive a 
pro?le of a pregnant subject comprising a level of SHBG, or 
the levels of SHBG and PlGF detected in a sample from the 
subject; ii) identify from the database a matching reference 
pro?le that is diagnostically relevant to the pregnant subject 
pro?le; and iii) generate an indication of Whether of the sub 
ject has, or is predisposed to having, a gestational disorder. 
[0021] In addition to their use to identify Women Who are at 
risk, the neW methods can be used as a routine screen or 
“pre- screen” for all pregnant Women to identify those Women 
Who are not at risk for gestational complications, thus avoid 
ing the need for additional testing later during pregnancy. 
[0022] As used herein, the terms “biological molecules” 
and “biomolecules” may be used interchangeably. These 
terms are meant to be interpreted broadly, and generally 
encompass polypeptides, peptides, oligosaccharides, 
polysaccharides, oligopeptides, proteins, oligonucleotides, 
and polynucleotides. Oligonucleotides and polynucleotides 
include, for example, DNA and RNA, e.g., in the form of 
aptamers. Biomolecules also include organic compounds, 
organometallic compounds, salts of organic and organome 
tallic compounds, saccharides, amino acids, and nucleotides, 
lipids, carbohydrates, drugs, steroids, lectins, vitamins, min 
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erals, metabolites, cofactors, and coenZymes. Biomolecules 
further include derivatives of the molecules described. For 
example, derivatives of biomolecules include lipid and gly 
cosylation derivatives of oligopeptides, polypeptides, pep 
tides, and proteins, such as antibodies. Further examples of 
derivatives of biomolecules include lipid derivatives of oli 
gosaccharides and polysaccharides, e.g., lipopolysaccha 
rides. 

[0023] Unless otherWise de?ned, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Although methods and materials similar or 
equivalent to those described herein can be used in the prac 
tice or testing of the present invention, suitable methods and 
materials are described beloW. All publications, patent appli 
cations, patents, and other references mentioned herein are 
incorporated by reference in their entirety. In case of con?ict, 
the present speci?cation, including de?nitions, Will control. 
In addition, the materials, methods, and examples are illus 
trative only and not intended to be limiting. 

[0024] Other features and advantages of the invention Will 
be apparent from the folloWing detailed description, and from 
the claims. 

DESCRIPTION OF DRAWINGS 

[0025] FIG. 1 is a three-dimensional graph of a comparison 
betWeen PlGF (pg/ml) and SHBG (nmol/L) levels in identi 
fying subjects at risk for developing a gestational disorder. 

[0026] FIG. 2 is a heat map of a cytokine array that depicts 
the correlation betWeen cytokine levels in urine and the risk of 
developing a gestational disorder. 

[0027] FIG. 3 is a table providing data regarding the recov 
ery of cytokines from urine samples in the presence or 
absence of a protease inhibitor. 

[0028] FIG. 4 is a table providing data regarding the repro 
ducibility of identifying cytokines in a biological sample 
using a cytokine array. 
[0029] FIG. 5 is a table providing data regarding the ratio of 
sFlt-l/PlGF in the serum of pregnant subjects. 

[0030] FIG. 6 is a table providing data regarding the corre 
lation of cytokine levels and groWth factor levels in the iden 
ti?cation of a gestational disorder. 

[0031] FIG. 7 is a table providing data on serum samples 
from Women With a history of GDM, PE, and normoglyce 
mic/normotensive uncomplicated pregnancy (U P). 
[0032] FIG. 8 depicts a three-dimensional graph of the 
results of a principal components analysis (PCA) of “case” 
(i.e., “subject) versus “control” (i.e., reference”) groWth fac 
tor data. 

[0033] FIG. 9 is a graph that depicts the results of a Baye 
sian discriminant analysis as applied to the data set of 5 
proteins (cytokines) measured on each of 5 cases and 5 con 
trols. 

[0034] FIG. 10 is a table providing the results for detecting 
mean differences in cytokine levels in case versus control 
subjects. 
[0035] FIG. 11 is a table providing the results of a calcula 
tion that detects signi?cant linear trends (chi-square test for 
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trend) across tertiles for identifying the relative risk (RR) of a 
subject in developing a gestational disorder. 

DETAILED DESCRIPTION 

[0036] Gestational disorders such as pregnancy-induced 
hypertension (PIH) and gestational diabetes mellitus (GDM) 
occur in the third-trimester of pregnancy and are associated 
With signi?cant maternal and fetal morbidity and mortality. 
Currently there are no effective laboratory tests to predict the 
incidence of either disorder early in pregnancy. Diagnoses are 
generally made during the third trimester When symptoms 
arise or during routine blood pressure and blood glucose 
screening. The critical absence of diagnostic tests to predict 
these disorders has hindered the ability of investigators to 
identify preventive therapeutic agents; current preventive 
strategies have failed in large part because these interventions 
Were initiated late in pregnancy When the possibility to alter 
pregnancy outcomes is limited. Furthermore, the absence of 
early predictive markers limits clinicians’ ability to imple 
ment preventive therapies in high-risk Women. 
[0037] Pre-eclampsia (PE) is an endothelial cell disorder 
the pathogenesis of Which is not Well understood. PE has been 
associated With alterations in expression of angiogenesis 
related proteins such that administration of sFltl, an endog 
enous inhibitor to vascular endothelial groWth factor (V EGF) 
and placental groWth factor (PlGF), resulted in phenotypic 
similarities to PE in animals. Indeed, loW levels of serum 
PlGF and VEGF (pro-angiogenic) and increased levels of 
sFlt-l (anti-angiogenic) appear to antedate onset of clinical 
symptoms. Thus, as described herein, loW levels of PlGF 
relate to pre-eclampsia. 
[0038] In addition to alterations in angiogenesis, hoWever, 
Women Who develop PE also have evidence of insulin resis 
tance. In-vitro models outside of pregnancy suggest insulin 
signaling and angiogenesis are intimately related. For 
example, insulin activates the expression of VEGF mRNA in 
endothelial cells, and both insulin and VEGF signaling leads 
to nitric oxide production. The insulin resistance syndrome is 
comprised of a cluster of metabolic abnormalities that confer 
increased risk of diabetes, hypertension and cardiovascular 
disease. Several features of the insulin resistance syndrome, 
such as obesity, hypertension, dyslipidemia, systemic in?am 
mation, and impaired ?brinolysis, are also associated With 
preeclampsia. In addition, Women With polycystic ovary syn 
drome or gestational diabetes, tWo disorders characterized by 
insulin resistance, are at increased risk of preeclampsia. 
[0039] Because both normal insulin signaling and angio 
genesis maintain endothelial cell health, it is plausible that 
Women With pre-existing insulin resistance have an exagger 
ated response to alterations in angiogenic factors, and alter 
ations in bothpathWays act synergistically to magnify the risk 
for PE. The present invention provides epidemiological evi 
dence that an interaction exists betWeen insulin resistance and 
angiogenesis. 
[0040] The invention provides methods for utiliZing an 
insulin resistance biomarker, such as SHBG, and an angio 
genic biomarker, such as PlGF, as indicators of the risk for 
developing various pregnancy complications. SHBG and 
PlGF levels can be used in conjunction With other biomarker 
levels, such as a cytokine or groWth factor, to predict the 
likelihood of a subject developing a gestational disorder. 
Importantly, unlike other markers of insulin resistance, 
SHBG is reliable in the fasting or non-fasting state and exhib 
its minimal diurnal variation (Hamilton-Fairley et al., Clin, 
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Endocrinol. (Oxford), 431159 (1995)). These features render 
SHBG a unique marker of insulin resistance, especially use 
ful in clinical situations When fasting blood samples are not 
routinely collected, such as during prenatal obstetric care. 

[0041] Sex hormone binding globulin (SHBG) is a glyco 
protein synthesized by the liver that binds circulating estro 
gens and testosterone. Hepatic SHBG production is inhibited 
by insulin and thus, a reduced SHBG level is a marker of 
hyperinsulinemia and insulin resistance. The clinical utility 
of SHBG measurement as an index of insulin resistance Was 

established in studies in Which a reduced SHBG level Was 
associated With increased risk of future type II diabetes in 
otherWise healthy Women (see, e. g., Lindstedt et al., Diabetes, 
401123 (1991) and Haffner et al., J. Clin. Endocrinol. Metab., 
77:56 (1993)). In normal pregnancy, SHBG levels rise 
steadily during the ?rst and second trimesters, reaching a 
peak that is 4-6 times the normal non-pregnant range. During 
the ?rst-trimester of pregnancy, SHBG levels increase 3 to 
5-fold above the normal range in healthy menstruating 
Women (Kerlan et al., Clin. Endocrinol. (Oxford), 401253 
(1994), O’Leary et al., Clin. Chem., 371667 (1991)). This 
early gestation increase in SHBG level mirrors the contem 
poraneous increase in estradiol level, Which rises almost 
20-fold during the ?rst-trimester alone (id.). 
[0042] The estradiol level continues to rise through the end 
of pregnancy such that by delivery, the level reaches greater 
than 100 times the normal, non-pregnant, early follicular 
phase range. In contrast, SHBG peaks at a level that is 4-6 
times the normal non-pregnant range Within 24 Weeks of 
gestation, and thereafter the level remains constant through 
the duration of pregnancy. Insulin resistance and insulin lev 
els also increase progressively during normal gestation, but 
the greatest increment occurs during the second half of preg 
nancy (see, e.g., Catalano et al., Am. J. Obstet. Gynecol., 
16511667 (1991), Stanley et al., Br. J. Obstet. Gynaecol., 
1051756 (1998)). This physiologic increase in insulin resis 
tance during the third-trimester may prevent further increases 
in SHBG levels that otherWise Would be expected in the 
setting of progressive increases in estradiol levels. 
[0043] The association identi?ed herein betWeen ?rst-tri 
mester SHBG and PlGF levels and adverse pregnancy out 
come in the univariate and multivariable analyses indicate 
that insulin resistance contributes to the pathogenesis of 
preeclampsia, gestational hypertension, and gestational dia 
betes. Furthermore, it demonstrates that ?rst-trimester SHBG 
measurements are a useful screening method for identifying 
Women at high risk for these disorders. 

[0044] Methods of Identifying At-Risk Subjects 
[0045] Insulin resistance and Metabolic Syndrome charac 
teriZe Women Who develop preeclampsia (PE). Angiogenesis 
related groWth factors (PlGF) and their inhibitors (sFltl) 
have been associated With developing PE. The present inven 
tion provides the ?rst evidence that in PE the levels of mater 
nal factors (e.g., insulin resistance) and the levels of placental 
factors (e.g., indicators of angiogenesis, such as P1 GF and 
sFltl) can be correlated (i.e., they are additive insults) to 
epidemiologically predict a pregnant Women’s risk for devel 
oping a gestational disorder such as preeclampsia. More spe 
ci?cally, alterations in tWo pathWays, insulin resistance (e.g., 
as evidenced by abnormal SHBG or cytokine (such as IL-6) 
levels) and angiogenesis (e.g., as evidenced by loW PlGF or 
high sFltl ), When combined can be used to predict gestational 
disorders. 
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[0046] Metabolic syndrome and insulin resistance (charac 
teriZed by measures of insulin resistance including elevated 
insulin levels, altered glucose levels, a marker of this syn 
drome namely loW levels of Sex Hormone Binding Globulin 
(SHBG), elevated lipid levels, elevated body mass index, 
elevated in?ammatory markers, and altered clotting factors) 
interact epidemiologically and biologically With angiogen 
esis factors to confer increased risk of preeclampsia and 
related diseases, including risk of cardiovascular disease and 
diabetes. SHBG adds a signi?cant amount of explanatory 
information (predictive information) to PlGF and sFltl, and 
the combination provides a mechanism for identifying at-risk 
subjects. 
[0047] Because of the natural increase in SHBG levels dur 
ing pregnancy, and given the other factors knoWn to in?uence 
SHBG levels, for use in the neW methods, the results of SHBG 
levels can be adjusted for the number of Weeks into the 
pregnancy (i.e., gestational age at the time of the blood sam 
pling). In addition, the levels of SHBG can also be adjusted 
for one or more of age, gestational age, grace, estradiol and 
testosterone levels, and body mass index (BMI). 
[0048] Baseline characteristics of the study population are 
shoWn in Table 1 (in the Examples, beloW). Women Who 
developed preeclampsia (PE) Were more likely to be nullipa 
rous, had a higher body mass index, and higher systolic blood 
pressure compared to normotensive controls. In addition, ges 
tational ages at delivery Were earlier and fetal birth Weights 
Were loWer among Women Who developed PE compared to 
controls. 
[0049] First prenatal visit blood collections revealed that 
serum levels of placental groWth factor (PlGF) and sex hor 
mone binding globulin (SHBG) Were signi?cantly loWer 
among Women Who subsequently developed PE compared to 
normotensive controls (Table 2, in Examples). At this early 
stage of pregnancy, serum levels of sFltl did not markedly 
differ betWeen the tWo groups, but the trend suggested that 
Women Who developed PE had elevated levels even at this 
early stage of pregnancy. The correlation betWeen PlGF and 
SHBG Was strongly positive (r:0.58, P<0.001), suggesting 
that Women With loW baseline levels of PlGF also had loW 
levels of serum SHBG. The correlation betWeen sFltl and 
SHBG Was r:0.17, P:0.10. 
[0050] Serum levels of PlGF Were then divided into a bino 
mial variable (loW vs. high) With cutpoints based on the 25th 
percentile of the control population (<20 pg/ml vs.>20 
pg/ml). In the unadjusted analysis, Women With loW baseline 
serum PlGF levels had a 6-fold increased risk of developing 
preeclampsia compared to Women With high baseline PlGF 
levels (Table 3, in the Examples). After adjusting for maternal 
age, gestational age of blood collection, race, parity, body 
mass index, systolic blood pressure, and serum levels of 
sFlt-l and SHBG, the point estimate increased slightly (Table 
3). Importantly, the model ?t (area under the curve) improved 
When SHBG Was added to the model (0.80 to 0.86), suggest 
ing the inclusion of SHBG in the analyses did not represent an 
over-adjustment of the model, but an improvement. 
[0051] Next, stratum speci?c point estimates Were exam 
ined based on loW (<175 mg/dl) and high (>175 mg/dl) levels 
of SHBG (again representing the 25th percentile among con 
trols). These analyses revealed markedly different point esti 
mates for P1 GF betWeen the tWo strata. In the strata of Women 
With loW serum levels of SHBG, the risk of preeclampsia 
among Women With loW serum levels of PlGF Was 25.5, 
Whereas the estimate among Women With high levels of 
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SHBG (and loW levels of PlGF) Was 1.8 (Table 3). Thus, 
differences in these observed point estimates in strati?ed 
analyses suggested that the effect of PlGF Was modi?ed by 
different degrees of insulin resistance. The suggestion of an 
interaction or effect modi?cation Was explored further. 

[0052] In a univariate model, the interaction term PlGF x 
SHBG Was statistically signi?cant (Wald p:0.02). However, 
in the adjusted model (including other confounders, serum 
PlGF, sFltl, and SHBG), the interaction term Was no longer 
signi?cant (Wald p:0.l0) and the con?dence intervals 
expectedly Widened. We then included interaction terms 
based on the previously examined cutpoints into a multivari 
able model adjusting for important confounders. In this 
model With three (n-l) interaction terms (high PlGF and 
high SHBG, and reference), the risk of developing preec 
lampsia among Women With loW ?rst trimester levels of PlGF 
and SHBG Was approximately tWice the risk found among 
Women With loW PlGF levels alone, and four times the risk 
among Women With loW SHBG levels alone (Table 3). Impor 
tantly, these estimates did not markedly differ When these 
analyses Were restricted to nulliparous (loW PlGF and loW 
SHBG, OR 13.8, 95% CI l.5-l24.2) or multiparous (OR, 
15.7, 95% CI 0.9-276.6) Women, suggesting baseline differ 
ences in parity did not explain our ?ndings (other data not 
shoWn). 
[0053] The 3-D graph shoWn in FIG. 1 indicates that the 
pregnant subjects With SHBG levels that are loWer than a 
reference subject (i.e., <about 175 nmol/L) and PlGF levels 
that are loWer than a reference subject (i.e., <about 20 pg/ml/ 
L) are at increased risk of developing a gestational disorder. 
The graph also indicates that there are at least four risk cat 
egories: very loW risk, loW risk, intermediate risk, and high 
risk. Speci?cally, a loW SHBG level and loW PlGF level 
corresponds to high risk. A high SHGB level and high PlGF 
level corresponds to very loW risk. A loW SHGB level and 
high PlGF level corresponds to loW risk. A high SHGB level 
and loW PlGF level corresponds to intermediate risk. Women 
Who have results that indicate a loW, intermediate, or high risk 
can then take steps to have additional tests done, and/ or to be 
treated for a particular disorder. The neW test is therefore 
useful not only to determine Women at risk, but also to deter 
mine Women Who are not at risk for future gestational com 
plications. Thus, the neW test method can signi?cantly reduce 
unnecessary testing later during the pregnancy. 
[0054] These data provide the ?rst evidence that Women 
With alterations in markers for circulating angiogenic factors 
and in markers for insulin resistance Were at increased risk for 
developing preeclampsia (PE) compared to Women With 
alterations in either measure alone, and compared to Women 
With neither alteration. Speci?cally, Women With loW levels of 
serum placental groWth factor (PlGF) in the ?rst trimester 
Were at increased risk for developing subsequent PE, and this 
risk Was exaggerated in Women Who also had loW levels of 
SHBG, a surrogate marker of insulin resistance. The data 
indicate that there is a signi?cant interaction betWeen serum 
PlGF and SHBG such that the association betWeen PlGF 
levels and the subsequent risk for PE Was modi?ed depending 
on the serum level of SHBG. 

[0055] This ?nding of a compelling statistical interaction 
further indicates that critical molecular interactions betWeen 
intracellular insulin signaling and angiogenesis occur. For 
example, binding of insulin to the insulin receptor leads to the 
activation of a variety of signaling pathWays involving spe 
ci?c protein kinases, most important of Which includes pro 
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tein kinase B alpha/Akt kinase. This critical step governs 
cellular functions including apoptosis, metabolism, and pro 
liferation. In addition, insulin also regulates the expression of 
genes involved in angiogenesis, including the expression of 
vascular endothelial groWth factor (VEGF) mRNA, and 
VEGF (and likely PlGF) signaling also activates Akt phos 
phorylation. Interestingly, diabetic rats demonstrate a 
reduced cellular expression of VEGF mRNA, a process that 
may be rescued by insulin. Therefore, defects in the insulin 
receptor or in doWnstream insulin signaling pathWays can 
lead to alterations in angiogenic factors. A combination of 
these insults can act synergistically to alter critical cellular 
functions, injure endothelial cells, and subsequently increase 
the risk for developing PE. 
[0056] Normal angiogenesis is also a critical component of 
placental development. In addition to maintaining the integ 
rity of endothelial cells, VEGF and PlGF are responsible for 
trophoblast proliferation, migration, and invasion, key pro 
cesses that dictate normal placentation and Which are altered 
in preeclampsia. Therefore, alterations in VEGF, PlGF, and 
their inhibitor sFltl can play pivotal roles in the pathogenesis 
of PE. In addition, hoWever, insulin and insulin like groWth 
factor play important roles in vascular function, including 
endothelial cell proliferation. Furthermore, investigators 
have identi?ed alterations in insulin and insulin like groWth 
factors at the level of the placenta in Women With preeclamp 
sia. Therefore, alterations in insulin or insulin like groWth 
factors in the presence of alterations in VEFG, PlGF, and 
sFltl can act synergistically at the level of the placenta to lead 
to abnormal trophoblast invasion, explaining the placental 
?ndings characteristic of PE. 
[0057] Speci?c alterations in in?ammatory and insulin 
resistance cytokines (TNF-ot, IL-1 [3, IL-6, MCP- l, and IL-8), 
angiogenesis related groWth factors (PlGF, FGF-Z), a groWth 
factor antagonist (sFlt- l ), and a biomarker for metabolic syn 
drome associated insulin resistance (i.e., sex hormone bind 
ing globulin (SHBG)) can be biologically linked to gesta 
tional disorders such as GDM and PIH. As discussed in 
further detail beloW, the invention is based, in part, on the 
discovery that a change in SHBG/PlGF levels, or antagonist 
thereof, in urine and/or blood prior to the third trimester of 
pregnancy, and as early as the ?rst trimester, can be indicative 
of increased risk of preeclampsia, gestational hypertension, 
and gestational diabetes. Methods of determining Whether a 
pregnant subject has, or is predisposed to having, a gesta 
tional disorder, are provided. 
[0058] In one embodiment, the invention provides methods 
of determining Whether a pregnant subject has, or is predis 
posed to having, a gestational disorder including measuring 
the level of sex hormone binding globulin (SHBG) in a serum 
sample obtained from the pregnant subject; measuring the 
level of placental groWth factor (PlGF) in a serum sample or 
a urine sample obtained from the pregnant subject; compar 
ing the SHBG level obtained from the pregnant subject With 
an SHBG level obtained from at least one subject having a 
normal pregnancy; and comparing the PlGF level obtained 
from the pregnant subject With a PlGF level obtained from at 
least one subject having a normal pregnancy. A loW level of 
SHBG and/or PlGF present in the sample obtained from the 
pregnant subject, as compared to the levels present in the at 
least one subject having a normal pregnancy, indicates that 
the pregnant subject has, or is predisposed to having, a ges 
tational disorder. SHBG and/or PlGF levels are correlated 
With: 1) the gestational age at the time SHBG and PlGF levels 
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are measured; 2) the pregnant subject’s age; 3) the pregnant 
subject’s parity; and 4) the pregnant subject’s body mass 
index. As used herein, a “loW level” of SHBG or PlGF can be 
de?ned as a level that is less than the level of SHBG or PlGF 
detected in a subject having a normal pregnancy. In general, 
the levels of SHBG and PlGF are comparable betWeen a test 
subject and a subject having a normal pregnancy When the 
samples are taken from both subjects at about at Week “x” 
Within the subject pregnancy plus or minus 1-2 Weeks (see 
beloW). Alternatively, the level of SHBG or PlGF can be 
de?ned as “loW” in comparison to a threshold value estab 
lished by one or multiple reference subjects. Exemplary 
threshold values 175 nmol/L and 20 pg/ml for SHBG and 
PlGF, respectively, are provided in FIG. 1 as discussed 
herein. 
[0059] The methods can further include measuring the level 
of at least one cytokine in the subject urine sample and gen 
erating a subject pro?le comprising a value or plurality of 
values, each value representing a level of a speci?c cytokine 
and comparing the subject pro?le With a reference pro?le, 
Wherein the reference pro?le includes a value or plurality of 
values, each value representing a level of a speci?c cytokine 
in a reference urine sample obtained from a reference subject. 
References levels of cytokines and/or groWth factors can be 
used to generate reference pro?les. For example, the refer 
ence pro?le can be obtained from the urine, serum, plasma, 
amniotic ?uid or placental tissue of a reference subject. A 
reference subject can be a pregnant individual having a ges 
tational disorder and pregnant individual having a normal 
pregnancy. 
[0060] A “gestational disorder” as used herein includes 
pregnancy-induced hypertension (PIH), such as preeclamp 
sia (PE) or gestational hypertension (GH). A gestational dis 
order further includes gestational diabetes mellitus (GDM). A 
“normal” pregnancy, as used herein, is a pregnancy that is not 
associated With a gestational disorder. 

[0061] A “subject” pro?le is generally described as a “test” 
pro?le. A subject pro?le can be generated from a sample 
taken from a subject prior to the third trimester to identify the 
subject’s risk of developing GDM and/or PIH. Thus, a “sub 
ject” pro?le is generated from a subject being tested for a 
gestational disorder. 
[0062] A “reference” pro?le is generally a “control” pro 
?le. A reference pro?le can be generated from a sample taken 
at a particular time point in the pregnancy of a normal indi 
vidual or one having a gestational disorder. The reference 
pro?le, or plurality of reference pro?les, can be used to estab 
lish threshold values for the levels of, for example, speci?c 
cytokines in a sample or SHGB and PlGF levels in a sample. 
A “reference” pro?le can be either a pro?le generated from an 
individual pregnant Woman having a gestational disorder or a 
pro?le generated from a pregnant Woman having a normal 
pregnancy. Alternatively, a reference pro?le can be a pro?le 
generated from either set of pregnant Women having a gesta 
tional disorder or a set of pregnant Women having normal 
pregnancies. A reference pro?le can be expressed as an array 
“signature” or “pattem” of speci?c identi?able biomarkers. 
The array signature can be color-coded for easy visual or 
computer-aided identi?cation. The signature can also be 
described as one or more numbers that correspond to values 
attributed to the biomarkers identi?ed by the array. The key 
shoWn in FIG. 2 (right side) provides one example of hoW 
values can be attributed to biomarker concentrations identi 
?ed by an array. “Array analysis,” as used herein, is the 
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process of extrapolating information from an array using 
statistical calculations such as factor analysis or principle 
component analysis (PCA). 
[0063] In addition to being expressed as a signature, a ref 
erence pro?le can be expressed as a “threshold” value or 
series of threshold values. For example, a single threshold 
value can be determined for the level of SHGB or PlGF in a 
pregnant subject. Exemplary threshold values for SHGB 
(about 175 nmol/ L) and PlGF (about 20 pg/ml) are provided 
in Table 3 and FIG. 1. With regard to cytokine levels, a single 
threshold value can be determined by averaging the values of 
a series of cytokine levels from pregnant Women having nor 
mal pregnancies. Similarly, a single or tWo or more threshold 
values can be determined by averaging the values of a series 
of cytokine levels from pregnant Women having a gestational 
disorder. Thus, a threshold value can have a single value or a 
plurality of values, each value representing a level of a spe 
ci?c cytokine or groWth factor, or antagonist thereof, detected 
in a urine or blood sample, e.g., of a pregnant individual, or 
multiple individuals, having a gestational disorder. 
[0064] For example, When also considering cytokine val 
ues, FIG. 2 shoWs that a threshold value for MCP-l levels 
derived from samples obtained from pregnant Women having 
normal pregnancies can be calculated based on the average of 
all 5 urine samples (see “control” horiZontal columns for 
patients designated 262, 104, 102, 35, and 20 and correspond 
ing vertical MCP-l column). The average level of MCP-l 
(assuming 90+230+210+300+210 pg/mL) is approximately 
200 pg/mL. A comparison of these data to the MCP-l levels 
in urine samples from patients designated 381, 305, 289, 94, 
and 64 indicates that an MCP-l level beloW about 200 pg/mL 
is indicative of a normal pregnancy. In contrast, a pregnant 
female having a level of MCP-l in her urine that exceeds 
about 200 pg/mL at 16-18 Weeks of gestation is predicted to 
be at risk for developing a gestational disorder. Similarly, 
urine samples taken from the same patients indicate that an 
IL-6 level above about 20 pg/mL is indicative of a gestational 
disorder. Further, urine samples taken from the same patients 
indicate that an IL-8 level beloW about 200 pg/mL is indica 
tive of a gestational disorder. 

[0065] The samples used to generate a pro?le of the inven 
tion, including levels of SHBG and PlGF can be obtained at 
betWeen about 6 and 24 Weeks, betWeen about 12 and 24 
Weeks, or betWeen about 18 and 24 Weeks after conception. 
Typically, the sample is taken prior to the third trimester, e. g., 
at any time betWeen 5 to 24 Weeks after conception (e.g., 8, 
10, 12, 14, 16, 18, or 20 Weeks). For example, a biological 
sample can be obtained from a pregnant female at betWeen 
about 6 and 24 Weeks, betWeen about 12 and 24 Weeks, or 
betWeen about 18 and 24 Weeks after conception. The sample 
can be used to generate a subject pro?le or a reference pro?le. 

[0066] A subject pro?le or reference pro?le is generated 
from a sample taken at a time point in the pregnancy. The 
sample can be blood, serum or urine. The subject and refer 
ence pro?les are generated from samples taken from similar 
time periods Within the subject and reference pregnancies. In 
general, if a subject pro?le is generated from a sample taken 
at Week “x” Within the subject pregnancy, then the appropriate 
reference pro?le for comparison purposes Will have been 
generated from a sample taken at Week “x” plus or minus 2 
Weeks (or 1 Week) of the reference pregnancy. For example, a 
subject pro?le derived from a sample obtained from a preg 
nant female estimated to be in her 16th Week of pregnancy can 
be compared With a reference pro?le, or a plurality of refer 
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ence pro?les, derived from samples obtained from pregnant 
females in their 14th to 18th Week of pregnancy. 
[0067] Women having, or predisposed to having, a gesta 
tional disorder can be identi?ed prior to the third trimester of 
pregnancy. A biomarker can be a cytokine, a groWth factor, or 
a groWth factor inhibitor. More speci?cally, an insulin resis 
tance biomarker or angiogenic biomarker includes cytokines, 
groWth factors, and groWth factor inhibitors. An insulin resis 
tance biomarker includes SHBG. An angiogenic biomarker 
includes PlGF. 
[0068] A subject pro?le can include the level SHBG and 
PlGF in a blood, surface serum or urine sample obtained 
from a pregnant subject. The pro?le can further include the 
level of at least tWo cytokines detected in a urine sample from 
a subject and comparing the subject pro?le to a “reference” 
pro?le that includes the level of SHBG and PlGF obtained 
from a normal pregnant subject. The reference pro?le can 
further include the level of at least tWo cytokines detected in 
a urine sample. If the reference pro?le is derived from a 
sample obtained from a reference subject having a normal 
pregnancy, then the similarity of the subject pro?le to the 
reference pro?le is indicative of a normal (non-gestational 
disorder-associated) pregnancy for the tested subject. Alter 
natively, if the reference pro?le is derived from a sample 
obtained from a reference subject having a gestational disor 
der, then the similarity of the subject pro?le to the reference 
pro?le is indicative of a gestational disorder-associated preg 
nancy for the tested subject. 
[0069] Cytokines 
[0070] The methods of the invention can further include 
correlating SHBG and PlGF levels With levels of one or more 
cytokines, in blood and/or serum samples. The cytokine can 
be an immune/hematopoietin, an interferon, a tumor necrosis 
factor (TNF)-related molecule or a chemokine. Examples 
include interleukin (IL)-6, IL-8, IL-1[3, monocyte chemoat 
tractant protein (MCP)-1 or TNF-ot, or any combination 
thereof. Cytokines comprise a vast array of relatively loW 
molecular Weight, pharmacologically active proteins that are 
secreted by cells for the purpose of altering either their oWn 
functions (autocrine effect) or those of adjacent cells (para 
crine effect). In many instances, individual cytokines have 
multiple biological activities. Different cytokines can also 
have the same activity, Which provides for functional redun 
dancy Within the in?ammatory and immune systems. As a 
result, it is infrequent that loss or neutraliZation of one cytok 
ine Will markedly interfere With either of these systems. This 
fact has great signi?cance in the development of therapeutic 
strategies. 
[0071] Cytokines can be subdivided into several groups, 
including the immune/hematopoietins, interferons, tumor 
necrosis factor (TNF)-related molecules, and the chemok 
ines. Representative immune/hematopoietins include eryth 
ropoietin (EPO), granulocyte/macrophage colony-stimulat 
ing factor (GM-CSF), granulocyte colony-stimulating factor 
(G-CSF), leukemia inhibition factor (LIF), oncostatin-M 
(OSM), ciliary neurotrophic factor (CNTF), groWth hormone 
(GH), prolactin (PRL), interleukin (IL)-2, IL-3, IL-4, IL-5, 
IL-6, IL-7, IL-9, IL-10, and IL-12. Representative interferons 
(IFN) include IFNO. IFNB, and IFN-gamma. 
[0072] Representative TNF family members include 
TNFot, interferon (IFN)[3, gp39 (CD40-L), CD27-L, CD30-L, 
and nerve groWth factor (NGF). 
[0073] Representative chemokines include platelet factor 
(PF)4, platelet basic protein (PBP), groot, MIG, ENA-78, 
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macrophage in?ammatory protein (MIP)10t, MIP1[3, mono 
cyte chemoattractant protein (MCP)-1, I-309, HCl4, C10, 
Regulated on Activation, Normal T-cell Expressed, and 
Secreted (RANTES), and IL-8. 
[0074] Chemokines are a family of structurally related gly 
coproteins With potent leukocyte activation and/ or chemotac 
tic activity. They are 70 to 90 amino acids in length and 
approximately 8 to 10 kDa in molecularWeight. Most of them 
?t into tWo subfamilies With four cysteine residues. These 
subfamilies are distinguished by Whether the tWo amino ter 
minal cysteine residues are immediately adjacent to each 
other or separated by one amino acid. The chemokines, also 
knoWn as CXC chemokines, contain a single amino acid 
betWeen the ?rst and second cysteine residues; B, or CC, 
chemokines have adjacent cysteine residues. Most CXC 
chemokines are chemoattractants for neutrophils Whereas CC 
chemokines generally attract monocytes, lymphocytes, baso 
phils, and eosinophils. There are also 2 other small sub 
groups. The C group has one member (lymphotactin). It lacks 
one of the cysteines in the four-cysteine motif, but shares 
homology at its carboxyl terminus With the C-C chemokines. 
The C chemokine seems to be lymphocyte speci?c. The 
fourth subgroup is the C-X3-C subgroup. The C-X3-C 
chemokine (fractalkine/neurotactin) have three amino acid 
residues betWeen the ?rst tWo cysteines. They are tethered 
directly to the cell membrane via a long mucin stalk and 
induce both adhesion and migration of leukocytes. 
[0075] The heat map of the cytokine array in urine, serum, 
and plasma shoWn in FIG. 2 demonstrates that among Women 
Who developed preeclampsia (“cases”), IL-6 is elevated and 
IL-8 is reduced (see White circle) in the urine at 16-18 Weeks 
of gestation compared to Women Who had a normotensive 
pregnancy and With urine samples collected at the same time. 
This is the ?rst time an array of cytokines Was measured in 
urine by this sensitive technique and the ?rst time differences 
Were seen in urine at this early stage of pregnancy. FIG. 2 also 
demonstrates that at 16 Weeks of gestation the levels of 
another chemokine, MCP-l, Were elevated in the urine of 
cases as compared to controls. All protein measurements 
Were normaliZed for urine creatinine concentrations. 

[0076] GroWth Factors 
[0077] The method further includes measuring the level of 
at least one groWth factor inhibitor, such as placental soluble 
?ns-like tyrosine kinase 1 (sFltl), or a groWth factor such as 
VEGF. SFltl, a splice variant of the VEGF receptor lacking 
the transmembrane and cytoplasmic domains, acts as a potent 
VEGF and PlGF antagonist. sFltl is knoWn to be upregulated 
in preeclampsia, leading to increased systemic levels of sFltl 
that fall after delivery (Maynard et al., J. Clinical Invest., 
111:5 (2003), incorporated herein by reference). Increased 
circulating sFltl in patients With preeclampsia is associated 
With decreased circulating levels of free VEGF and PlGF. 
[0078] Placental groWth factor (PlGF), a member of the 
vascular endothelial groWth factor (V EGF) family of angio 
genic factors (58% sequence identity to VEGF), and other 
placental VEGF’s can contribute to the pathogenesis of GDM 
and PIH. Furthermore, cytokines and groWth factors appear to 
cooperate in the progression of certain pathological disor 
ders. For example, IL-6 is knoWn to promote cervical and 
pancreatic cancer and multiple myeloma activity. These pro 
cesses are also mediated by VEGF (Wei et al., Oncogene, 
22:1517 (2003)). In addition, TNF-ot is involved in VEGF 
secretion by myeloma cells (Alexandrakis et al., Ann Hema 
tol, 82:19 (2003)). GroWth factors and cytokines can act on 
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the same target cells, as VEGF and IL-8 both activate mono 
cytes and endothelial cell proliferation, and IL-8 itself can be 
involved in angiogenesis. Growth factors and cytokines may 
regulate each other, as PlGF not only activates monocytes, it 
also increases transcription of in?ammatory cytokines (TNF 
0t, IL-1[3) and chemokines (MCP-1, IL-8). Finally, growth 
factors may counterbalance cytokine-mediated injury, as 
TNF-ot induces apoptosis of trophoblast cells, and placental 
growth factors, such as ?broblast growth factor-2 (FGF-2), 
mitigate this process (Garcia-Lloret et al., J Cell Physiol, 
1 671324, 1996). The function of cytokines and growth factors 
are likely intertwined, in that normal function of both are 
necessary for normal placental development, and hence alter 
ations in both may lead to a gestational disorder. Simulta 
neous examination of both can provide a more accurate 
method for identifying whether a subject has, or is predis 
posed to having, a gestational disorder. 
[0079] The invention also encompasses the use of a com 
bination of cytokine and growth factor level alterations as 
indicators of future disease. For example, one case subject 
had a urinary PlGF level of 91.2 pg/gCr (high, not consistent 
with PE), but had an IL-6 level of 58 pg/gCr (high, consistent 
with PE), and an MCP-1 level of 460 pg/gCr (high, consistent 
with PE). Thus, a single urine measurement of PlGF would 
have incorrectly suggested this woman was not at risk for PE, 
but examination of IL-6 and MCP-1 levels would have sug 
gested just the opposite. Another example, a control subject, 
PlGF level was 1 15.2 pg/gCr (high, consistent with low risk 
of PE) and IL-6 levels were 20 pg/gCr (low, consistent with 
low risk for PE), but MCP-1 level was 410 pg/gCr (high, 
consistent with high risk for PE), therefore, utilizing only 
MCP-1 levels would have incorrectly predicted her outcome. 
Therefore, the invention also encompasses the use of patterns 
of levels of cytokines and growth factors in serum and/or 
urine to determine a subject’s predisposition to a future dis 
ease associated with pregnancy-induced hypertension. 
[0080] In another embodiment, the invention provides a 
method of identifying a gestational disorder by comparing the 
level of TNF-ot, IL-1[3, IL-6, IL-8 or MCP-1, or any combi 
nation thereof, in a ?rst biological sample from a pregnant 
subject the cytokine level in a second biological sample 
obtained from the same pregnant subject. A difference in the 
level of a cytokine, or any combination of cytokines, in the 
?rst sample as compared to the second sample is indicative of 
a subject having, or predisposed to having, a gestational dis 
order. The ?rst and second biological samples can be selected 
from urine, blood, serum, amniotic ?uid, or placental tissue. 
[0081] An exemplary biochemical test for identifying spe 
ci?c proteins, such as cytokines, growth factors, or antago 
nists thereof, employs a standardized test format, such as the 
Enzyme Linked Immunosorbent Assay or ELISA test, 
although the information provided herein may apply to the 
development of other biochemical or diagnostic tests and is 
not limited to the development of an ELISA test (see, e.g., 
Molecular Immunology: A Textbook, edited by Atassi et al. 
Marcel Dekker Inc., New York and Basel 1984, for a descrip 
tion of ELISA tests). 
[0082] It is understood that commercial assay enzyme 
linked immunosorbant assay (ELISA) kits for various cytok 
ines and growth factors are available. For example, with 
regard to growth factors, sFlt- 1, P1 GF, and FGF-2 ELISA kits 
are available from R&D systems. These kits can measure free 
or unbound proteins. The intra-assay precision CV (%) for 
sFlt-l and PlGF are about 3.5 and 5.6 respectively. The 
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inter-assay precision CV(%) for sFlt-l and PlGF are about 
8.1 and 10.9 respectively. For serum FGF-2 measurements, 
the intra-assay and inter-assay CV(%) are about 8 and 12.7 
respectively. For urine PlGF and FGF-2, the intra-assay and 
inter-assay CV(%) are about 11, 9.8, 12.1 and 14.4, respec 
tively. 
[0083] Proteomics and Microarrays 
[0084] The invention provides methods for predicting 
adverse outcomes of pregnancy well before the end of preg 
nancy through the use of proteomics. Proteomics is an evolv 
ing technology capable of testing for the presence of minute 
amounts of a vast array of proteins using small samples of 
human tissue. Using proteomic tools, increased or decreased 
levels of certain proteins in a biological sample such as urine, 
serum, amniotic ?uid, or placental tissue can be ascertained. 
The invention encompasses urine proteomic analysis as a 
non-invasive approach to diagnosing pregnancy complica 
tions remote from term. In addition, using mathematical algo 
rithms a complex proteome or “?ngerprint” can be obtained. 
As previously noted, such algorithms include “factor analy 
ses” and “principle component analysis (PCA).” The pro 
teome can consist of a group of proteins, some increased in 
concentration from normal and others decreased, that are 
diagnostic of gestational disorders, such as those associated 
with PIH and/ or GDM. 

[0085] The invention provides an array (i.e., “biochip” or 
“microarray”) that includes immobilized biomolecules that 
facilitate the detection of a particular molecule or molecules 
in a biological sample. Biomolecules that identify the biom 
arkers described above and shown in FIG. 2 can be included 
in a custom array for detecting subjects predisposed to GDM 
and/or PIH. For example, a custom array can include biomol 
ecules that identify SHBG and/ or P1 GP, or speci?c cytokines 
such as IL-6, IL-8, and MCP-1. The array can also include 
biomolecules that identify additional growth factors such as 
FGF-2. The array can further include a biomolecule that 
identi?es a growth factor antagonist, such as sFlt-l. Arrays 
comprising biomolecules that speci?cally identify selected 
biomarkers (e. g., a cytokine or a growth factor or antagonist 
thereof) can be used to develop a database of information 
using data provided in the present speci?cation. Additional 
biomolecules that identify cytokines and/or growth factors 
which lead to improved cross-validated error rates in multi 
variate prediction models (e.g., logistic regression, discrimi 
nant analysis, or regression tree models) can be included in a 
custom array of the invention. 

[0086] Customized array(s) provide an opportunity to 
study the biology of GDM and PIH. Standard p values of 
signi?cance (0.05) can be chosen to exclude or include addi 
tional speci?c biomolecules on the microarray that identify 
particular biomarkers. 
[0087] The term “array,” as used herein, generally refers to 
a predetermined spatial arrangement of binding islands, bio 
molecules, or spatial arrangements of binding islands or bio 
molecules. Arrays according to the present invention that 
include biomolecules immobilized on a surface may also be 
referred to as “biomolecule arrays.” Arrays according to the 
present invention that comprise surfaces activated, adapted, 
prepared, or modi?ed to facilitate the binding of biomol 
ecules to the surface may also be referred to as “binding 
arrays.” Further, the term “array” may be used herein to refer 
to multiple arrays arranged on a surface, such as would be the 
case where a surface bore multiple copies of an array. Such 
surfaces bearing multiple arrays may also be referred to as 
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“multiple arrays” or “repeating arrays.” The use of the term 
“array” herein may encompass biomolecule arrays, binding 
arrays, multiple arrays, and any combination thereof; the 
appropriate meaning Will be apparent from context. An array 
can include cytokine-speci?c biomolecules that detect cytok 
ines and other proteins altered in a gestational disorder. The 
biological sample can include ?uid or solid samples from any 
tissue of the body including excretory ?uids such as urine. 
Non-urine samples include, but are not limited to serum, 
plasma, amniotic ?uid, and placental tissue. 
[0088] An array of the invention comprises a substrate. By 
“substrate” or “solid support” or other grammatical equiva 
lents, herein is meant any material appropriate for the attach 
ment of biomolecules and is amenable to at least one detec 
tion method. As Will be appreciated by those in the art, the 
number of possible substrates is very large. Possible sub 
strates include, but are not limited to, glass and modi?ed or 
functionalized glass, plastics (including acrylics, polystyrene 
and copolymers of styrene and other materials, polypropy 
lene, polyethylene, polybutylene, polyurethanes, 
TEFLON®, etc.), polysaccharides, nylon or nitrocellulose, 
resins, silica or silica-based materials including silicon and 
modi?ed silicon, carbon, metals, inorganic glasses, plastics, 
ceramics, and a variety of other polymers. In addition, as is 
knoWn the art, the substrate may be coated With any number 
of materials, including polymers, such as dextrans, acryla 
mides, gelatins or agarose. Such coatings can facilitate the use 
of the array With a biological sample derived from urine or 
serum. 

[0089] A planar array of the invention Will generally con 
tain addressable locations (e.g., “pads”, “addresses,” or 
“micro-locations”) of biomolecules in an array format. The 
size of the array Will depend on the composition and end use 
of the array. Arrays containing from about 2 different biomol 
ecules to many thousands can be made. Generally, the array 
Will comprise from tWo to as many as 100,000 or more, 
depending on the end use of the array. A microarray of the 
invention Will generally comprise at least one biomolecule 
that identi?es or “captures” a biomarker, such as SHBG, 
PlGF, a cytokine, groWth factor, or antagonist thereof, 
present in a biological sample. In some embodiments, the 
compositions of the invention may not be in an array format; 
that is, for some embodiments, compositions comprising a 
single biomolecule may be made as Well. In addition, in some 
arrays, multiple substrates may be used, either of different or 
identical compositions. Thus, for example, large planar 
arrays may comprise a plurality of smaller substrates. 
[0090] As an alternative to planar arrays, bead based assays 
in combination With ?oW cytometry have been developed to 
perform multiparametric immunoassays. In bead based assay 
systems the biomolecules can be immobilized on addressable 
microspheres. Each biomolecule for each individual immu 
noassay is coupled to a distinct type of microsphere (i.e., 
“microbead”) and the immunoassay reaction takes place on 
the surface of the microspheres. Dyed microspheres With 
discrete ?uorescence intensities are loaded separately With 
their appropriate biomolecules. The different bead sets car 
rying different capture probes can be pooled as necessary to 
generate custom bead arrays. Bead arrays are then incubated 
With the sample in a single reaction vessel to perform the 
immunoassay. 
[0091] Product formation of the biomarker With their 
immobilized capture biomolecules can be detected With a 
?uorescence based reporter system. Biomarkers, such as 
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cytokines, groWth factors or antagonists thereof, can either be 
labeled directly by a ?uorogen or detected by a second ?uo 
rescently labeled capture biomolecule. The signal intensities 
derived from captured biomarkers are measured in a ?oW 
cytometer. The ?oW cytometer ?rst identi?es each micro 
sphere by its individual color code. Second the amount of 
captured biomarkers on each individual bead is measured by 
the second color ?uorescence speci?c for the bound target. 
This alloWs multiplexed quantitation of multiple targets from 
a single sample Within the same experiment. Sensitivity, reli 
ability and accuracy are compared to standard microtiter 
ELISA procedures. With bead based immunoassay systems 
cytokines can be simultaneously quanti?ed from biological 
samples. An advantage of bead-based systems is the indi 
vidual coupling of the capture biomolecule to distinct micro 
spheres. 
[0092] Thus, microbead array technology can be used to 
sort cytokines, groWth factor or groWth factor antagonists, 
bound to a speci?c biomolecule using a plurality of micro 
beads, each of Which can carry about 100,000 identical mol 
ecules of a speci?c anti-tag biomolecule on the surface of a 
microbead. Once captured, the biomarker, such as a cytokine, 
can be handled as ?uid, referred to herein as a “?uid microar 
ray.” 
[0093] An array of the present invention encompasses any 
means for detecting a biomarker molecule such as a cytokine, 
groWth factor, or antagonist thereof. For example, microar 
rays can be biochips that provide high-density immobilized 
arrays of recognition molecules (e.g., antibodies), Where 
biomarker binding is monitored indirectly (e.g., via ?uores 
cence). In addition, an array can be of a format that involves 
the capture of proteins by biochemical or intermolecular 
interaction, coupled With direct detection by mass spectrom 
etry (MS). 
[0094] Arrays and microarrays that can be used With the 
neW methods to detect the biomarkers described herein can be 
made according to the methods described in US. Pat. Nos. 
6,329,209; 6,365,418; 6,406,921; 6,475,808; and 6,475,809, 
and US. patent application Ser. No. l0/884,269, Which are 
incorporated herein in their entirety. For example, the Zyo 
myx Human Cytokine Biochip® provides a highly sensitive 
protein pro?ling system for 30 biologically relevant cytok 
ines. NeW arrays, to detect speci?c selections of sets of biom 
arkers described herein can also be made using the methods 
described in these patents. 
[0095] Arrays and microarrays as used herein further 
include arrays that have pathogen-encoded cytokine-binding 
proteins immobilized on a solid surface. For example, pox 
virus genes encoding binding activities for TNF type I and 
type II interferons, interleukin (IL)-lbeta, IL-l8, and beta 
chemokines have been identi?ed. These high-af?nity recep 
tors have the potential to act as surrogate antibodies in a 
number of applications in cytokine quanti?cation and puri? 
cation and could be potentially useful reagents to comple 
ment the existing panel of anti-cytokine, monoclonal, poly 
clonal, or engineered antibodies that are currently available. 

[0096] In many embodiments, immobilized biomolecules, 
or biomolecules to be immobilized, are proteins. One or more 
types of proteins may be immobilized on a surface. In certain 
embodiments, the proteins are immobilized using methods 
and materials that minimize the denaturing of the proteins, 
that minimize alterations in the activity of the proteins, or that 
minimize interactions betWeen the protein and the surface on 
Which they are immobilized. 
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[0097] Surfaces useful according to the present invention 
may be of any desired shape (form) and size. Non-limiting 
examples of surfaces include chips, continuous surfaces, 
curved surfaces, ?exible surfaces, ?lms, plates, sheets, tubes, 
and the like. Surfaces preferably have areas ranging from 
approximately a square micron to approximately 500 cm2. 
The area, length, and Width of surfaces according to the 
present invention may be varied according to the require 
ments of the assay to be performed. Considerations may 
include, for example, ease of handling, limitations of the 
material(s) of Which the surface is formed, requirements of 
detection systems, requirements of deposition systems (e.g., 
arrayers), and the like. 
[0098] In certain embodiments, it is desirable to employ a 
physical means for separating groups or arrays of binding 
islands or immobilized biomolecules: such physical separa 
tion facilitates exposure of different groups or arrays to dif 
ferent solutions of interest. Therefore, in certain embodi 
ments, arrays are situated Within Wells of 96, 384, 1536, or 
3456 microWell plates. In such embodiments, the bottoms of 
the Wells may serve as surfaces for the formation of arrays, or 
arrays may be formed on other surfaces and then placed into 
Wells. In certain embodiments, such as Where a surface With 
out Wells is used, binding islands may be formed or biomol 
ecules may be immobilized on a surface and a gasket having 
holes spatially arranged so that they correspond to the islands 
or biomolecules may be placed on the surface. Such a gasket 
is preferably liquid tight. A gasket may be placed on a surface 
at any time during the process of making the array and may be 
removed if separation of groups or arrays is no longer neces 
sary. 

[0099] The immobilized biomolecules can bind to mol 
ecules present in a biological sample overlying the immobi 
lized biomolecules. Alternatively, the immobilized biomol 
ecules modify or are modi?ed by molecules present in a 
biological sample overlying the immobilized biomolecules. 
For example, a cytokine present in a biological sample can 
contact an immobilized biomolecule and bind to it, thereby 
facilitating detection of the cytokine. Alternatively, the cytok 
ine or groWth factor or antagonist thereof, can contact a bio 
molecule immobilized on a solid surface in a transient fashion 
and initiate a reaction that results in the detection of the 
cytokine absent the stable binding of the cytokine to the 
biomolecule. 

[0100] Modi?cations or binding of biomolecules in solu 
tion or immobilized on an array may be detected using detec 
tion techniques knoWn in the art. Examples of such tech 
niques include immunological techniques such as 
competitive binding assays and sandWich assays; ?uores 
cence detection using instruments such as confocal scanners, 
confocal microscopes, or CCD-based systems and techniques 
such as ?uorescence, ?uorescence polarization (FP), ?uores 
cence resonant energy transfer (FRET), total internal re?ec 
tion ?uorescence (TIRF), ?uorescence correlation spectros 
copy (FCS); colorimetric/spectrometric techniques; surface 
plasmon resonance, by Which changes in mass of materials 
adsorbed at surfaces may be measured; techniques using 
radioisotopes, including conventional radioisotope binding 
and scintillation proximity assays so (SPA); mass spectros 
copy, such as matrix-assisted laser desorption/ionization 
mass spectroscopy (MALDI) and MALDI-time of ?ight 
(TOF) mass spectroscopy; ellipsometry, Which is an optical 
method of measuring thickness of protein ?lms; quartz crys 
tal microbalance (QCM), a very sensitive method for mea 
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suring mass of materials adsorbing to surfaces; scanning 
probe microscopies, such as AFM and SEM; and techniques 
such as electrochemical, impedance, acoustic, microWave, 
and IR/Raman detection. See, e. g., Mere L, et al., “Miniatur 
ized FRET assays and micro?uidics: key components for 
ultra-high-throughput screening,” Drug Discovery Today 
4(8):363-369 (1999), and references cited therein; LakoWicz 
J R, Principles of Fluorescence Spectroscopy, 2nd Edition, 
Plenum Press (1999). 
[0101] Arrays of the invention suitable for identifying a 
gestational disorder may be included in kits. Such kits may 
also include, as non-limiting examples, reagents useful for 
preparing biomolecules for immobilization onto binding 
islands or areas of an array, reagents useful for detecting 
modi?cations to immobilized biomolecules, or reagents use 
ful for detecting binding of biomolecules from solutions of 
interest to immobilized biomolecules, and instructions for 
use. 

[0102] LikeWise, arrays comprising immobilized biomol 
ecules may be included in kits. Such kits may also include, as 
non-limiting examples, reagents useful for detecting modi? 
cations to immobilized biomolecules or for detecting binding 
of biomolecules from solutions of interest to immobilized 
biomolecules. 
[0103] Theranostics 
[0104] The invention provides compositions and methods 
for the identi?cation of Women at high risk for adverse out 
comes of pregnancy such that a theranostic approach can be 
taken to test such individuals to determine the effectiveness of 
a particular therapeutic intervention (pharmaceutical or non 
pharmaceutical) and to alter the intervention to 1) reduce the 
risk of developing adverse outcomes and 2) enhance the 
effectiveness of the intervention. Thus, in addition to diag 
nosing or con?rming the presence of or risk for a gestational 
disorder, the methods and compositions of the invention also 
provide a means of optimizing the treatment of a subject 
having such a disorder. The invention provides a theranostic 
approach to treating a gestational disorder by integrating 
diagnostics and therapeutics to improve the real-time treat 
ment of a subject having, for example, GDH and/or PIH. 
Practically, this means creating tests that can identify Which 
patients are most suited to a particular therapy, and providing 
feedback on hoW Well a drug is Working to optimize treatment 
regimens. In the area of diseases associated With pregnancy 
induced hypertension, theranostics can ?exibly monitor 
changes in important parameters (e.g., cytokine and/or 
groWth factor levels) over time. For example, theranostic 
multiparameter immunoassays speci?c for a series of diag 
nostically relevant molecules such as SHBG and PlGF can be 
used to folloW the progress of a subject undergoing treatment 
for PIH. The markers provided herein are particularly adapt 
able for use in diagnosis and treatment because they are 
available in easily obtainedbody ?uids such as urine, blood or 
serum. 

[0105] Within the clinical trial setting, a theranostic method 
or composition of the invention can provide key information 
to optimize trial design, monitor e?icacy, and enhance drug 
safety. For instance, “trial design” theranostics can be used 
for patient strati?cation, determination of patient eligibility 
(inclusion/exclusion), creation of homogeneous treatment 
groups, and selection of patient samples that are representa 
tive of the general population. Such theranostic tests can 
therefore provide the means for patient e?icacy enrichment, 
thereby minimizing the number of individuals needed for trial 
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recruitment. “Ef?cacy” therano stics are useful for monitoring 
therapy and assessing e?icacy criteria. Finally, “safety” 
theranostics can be used to prevent adverse drug reactions or 
avoid medication error. 

[0106] Statistical Analyses 
[0107] The data presented herein provides a database of 
information related to diagnosing gestational disorders. Clas 
si?cation and prediction provide a statistical approach to 
interpreting and utiliZing the data generated by an array as 
shoWn in FIG. 2. Prediction rules can be selected based on 

cross-validation, and further validating the chosen rule on a 
separate cohort. A variety of approaches can be used to gen 
erate data predictive of a gestational disorder based on cytok 
ine and/or groWth factor levels provided herein, including 
discriminant analysis, logistic regression, and regression 
trees. For example, data can be generated based on logistic 
regression models. FIG. 9 illustrates a Bayesian discriminant 
analysis as applied to the data set of 5 proteins (cytokines) 
measured on each of 5 cases (subjects) and 5 controls (refer 
ences) shoWn in FIG. 2. Discriminant analysis attempts to 
?nd a plane in the multivariate space of the marker data such 
that, to the extent possible, cases appear on one side of this 
plane, and controls on the other. The coef?cients that deter 
mine this plane constitute a classi?cation rule: a linear func 
tion of the marker values, Which is compared With a threshold. 
In Bayesian classi?cation, information on the probability of a 
subject being a case (i.e., a subject having, or predisposed to 
having, a gestational disorder) that is knoWn before the data 
are obtained can be employed. For example the prior prob 
ability of being a case can be set to about 0.5; for a screening 
test applied to a general population the corresponding prob 
ability Will be approximately 0.05. A subject is classi?ed as 
having a complication (i.e., a gestational disorder) if the cor 
responding posterior probability (i.e., the prior probability 
updated using the data) exceeds 0.5. Note that 9 of 10 cases 
and controls are classi?ed correctly (see FIG. 9). 
[0108] Additional patient information can be combined 
With the SHBG and/or PlGF levels provided herein. These 
data can be combined in a database that analyZes the infor 
mation to identify trends that complement the present biom 
arker data. Results can be stored in an electronic format. 

[0109] The present methods use SHBG and PlGF levels, 
and optionally cytokine and/or additional groWth factor lev 
els, as biomarkers for determining the risk for developing 
various pregnancy complications related to gestational dia 
betes mellitus or PIH-related disorders, such as preeclampsia 
and gestational hypertension. Preeclampsia and gestational 
hypertension develop most commonly in nulliparous (?rst 
pregnancy) Women Who are obese and have high-normal 
blood pressure at baseline. These disorders also develop in 
Women With a history of preexisting diabetes or gestational 
diabetes, and in Women With polycystic ovary syndrome. In 
most cases, preeclampsia or gestational hypertension devel 
ops Without Warning, often in Women Without any of these 
established risk factors. Accordingly, the methods and com 
positions for identifying gestational disorder provided herein 
can be combined With the patient history to enhance the 
reliability of a medical diagnosis. The analysis can assess, for 
example, urine or serum biomarkers obtained from the patient 
through a sample. Further, information concerning the patient 
can be supplied in conjunction With the test. Such information 
includes, but is not limited to, age, Weight (BMI), blood 
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pressure, genetic history, parity, gestational age, and other 
such parameters or variables as described in the Examples 
beloW. 
[0110] Confounders and covariates in the analysis of data 
generated to establish guidelines for GDM and PIH can be 
included in the database of information. These data can 
include, for example, age since aging is associated With an 
increase in circulating in?ammatory cytokines. In addition, a 
correlation betWeen ethnicity and cytokine genetic polymor 
phisms (IL-6, TNF-ot, IL-l0) can provide baseline levels of 
cytokines according to race. Smoking is an example of a 
confounder because it can loWer sFlt-l levels, increase VEGF 
levels, loWer cytokine levels, increase risk for GDM, and a 
reduced risk of developing PE. Cytokine and groWth factor 
alteration in Women With a history of past and current smok 
ing can be assessed and added to the database of information 
related to predicting GDM or PIH. 

[0111] Obesity is a knoWn risk factor for development of 
GDM and PE, and serum levels of speci?c cytokines, includ 
ing TNF-A and IL-6, are both positively correlated With body 
mass index (BMI). BMI is calculated as the Weight in kilo 
grams divided by the square of the height in meters. In addi 
tion, groWth factors including VEGF are secreted from adi 
pocytes. Elevated BMI may be in the causal pathWay, in that 
obesity leads to elevated cytokines, Which leads to insulin 
resistance and in?ammation, Which then predisposes to GDM 
and PIH. 
[0112] Fetal birth Weight can be considered a secondary 
outcome as GDM and PE lead to increased and decreased 
fetal birth Weights, respectively. This information Will be 
included to determine the association betWeen primary expo 
sures and fetal birth Weight in cases (i.e., those subjects exhib 
iting GDM and/or PIH) and controls. Preeclampsia is one 
cause of the heterogeneous disorder identi?ed as fetal groWth 
restriction (FGR). GroWth factors from the placenta may be 
involved in the underlying pathophysiology of FGR, and, 
maternal serum and urine levels of speci?c groWth factors and 
of may be altered in Women With neWboms Who have FGR. 
For example, among Women With PE, free PlGF levels at 
15-19 Weeks of gestation can be loWer among Women (n:l 8) 
Who develop PE With small or gestational age neWborns (birth 
Weight<l0th percentile), compared With Women (n:25) Who 
just developed PE. A random selection of nulliparous Women 
can provide uncomplicated pregnancy-controls for compari 
son purposes. Such Women can be, for example, normoten 
sive throughout gestation; normoglycemic, full term (>37 
Weeks); no evidence of FGR; live birth; no elevated blood 
pressure or hyperglycemia at the 6 Week postpartum visit. 
[0113] The statistical analyses described above can be cor 
related With SHBG and PlGF levels as described herein. The 
primary outcomes Will be GDM, PIH, and history of GDM, 
and PE. Descriptive statistics can be used to spot errors in 
coding (e.g., outliers), to determine if normality assumptions 
are met, if transformation is necessary (e.g., log cytokine 
levels) to improve normality, or if non-parametric approaches 
are needed. Covariate and confounder distributions can be 
examined (e.g., contingency tables). 
[0114] In addition, the statistical analyses generated from 
the above information can be combined With information 
regarding cytokine and additional groWth factor levels and 
groWth factor antagonist levels described herein. Thus, the 
invention encompasses examining cytokine levels and 
groWth factor levels (and their antagonists) in the same 
Women and correlating this information to identify those 
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individuals predisposed to GDM and/or PIH using additional 
statistical information such as BMI, blood pressure, and fetal 
birth Weight. 
[0115] Additional analyses can be performed to identify 
subjects at risk for GDM or PIH. Such analyses include 
bivariate analysis of each of the primary exposures, multivari 
ate models including variables With a strong relationship 
(biologic and statistical) With outcomes, methods to account 
for multiple critical exposures including variable reduction 
using factor analysis, and prediction models. 
[0116] For bivariate analysis, the mean level of each pri 
mary exposure betWeen cases and controls using a 2-sample 
t-test or Wilcoxon Rank Sum test, as appropriate, can be 
conducted. If the association appears linear, trend can be 
analyZed using the Mantel HaensZel test. Data can be 
assembled into less ?ne categories (e.g., tertiles) using the 
distribution of the controls, and examine these as indicator 
variables in multivariable analysis. 
[0117] For multivariate analyses, data can be correlated 
betWeen tWo control groups, one matched and another not 
matched. In both matched and unmatched analyses, the inde 
pendent effects of all primary exposures of interest can be 
examined using logistic regression (With conditional models 
in matched analyses) models. The models can include a mini 
mum number of covariates to test the main effect of speci?c 
predictors. The effect of speci?c proteins can be determined 
in addition to pregnancy outcomes after accounting for con 
founders or potentially mediating variables. As noted above, 
Tables 1-5 are examples of such analyses. 
[0118] Logistic regression models take the general form 
[ln(pl./1—pi):bO+biX1i+b2X2i+ . . . +bnXni+e], Where pl. is the 

probability of GDM, bO represents the intercept of the ?tted 
line, b 1 is the coef?cient associated With a unit increase in the 
level of a groWth factor such as SHBG, b2 . . . b” are the 
coef?cients associated With confounding covariates X2 . . . 

Xn, and e is an error term. The odds ratio associated With a 
unit increase in the level of a speci?c groWth factor or cytok 
ine is estimated by exponentiating the coef?cient bl, and the 
95% con?dence interval surrounding this point estimate is 
estimated by exponentiating the term (b 111 .96 (standard 
error of bl)). In models With more than one b” covariate, the 
effect of b 1 can be interpreted as the effect of the speci?c 
groWth factor or cytokine level on risk of GDM and/or PIH 
after adjustment for levels of confounding covariates 
included in the model. 
[0119] In factor analysis, speci?c cytokines can be reduced 
to a smaller number of inter-correlated cytokines. Factor 
scores derived from rotated principal components (Which are 
normally distributed continuous variables) can be modeled 
instead of original cytokine levels in regression analyses pre 
dicting outcomes of pregnancy. This model -building strategy 
is similar to that described above, but modeling factor scores 
alloWing the identi?cation of speci?c cytokine signatures as 
predictive of outcomes independently of other cytokine sig 
natures, or independently of BMI or other important pre 
speci?ed confounding or mediating variables. 
[0120] The diverse array of potentially inter-correlated 
cytokines derived from array experiments can be reduced 
With factor analysis using principal component analysis. 
Principal component analysis identi?es subsets of correlated 
variables that group together. These subsets de?ne compo 
nents: mathematically derived variables that are uncorrelated 
With each other and that explain the majority of the variance 
in the original data. Principal components analysis (PCA) 
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attempts to identify a minimum number of components 
needed to make a diagnosis. After identi?cation, components 
are transformed, or rotated, into interpretable factors. Inter 
pretation is based on the pattern of correlations betWeen the 
factors and the original independent variables; these correla 
tions are called loadings. In array experiments, factor patterns 
represent domains or distinct groupings of cytokines under 
lying the overall relationships among the original array of 
putatively independent cytokine levels. These groupings may 
be considered as cytokine signature patterns. 

[0121] Using the patient data described in FIGS. 3 and 4, 
PCA analysis as shoWn in FIG. 8 Was used to reduce the 5 

explanatory cytokines (TNF-ot, IL-l[3, IL-6, MCP-l, and 
IL-8) to 3 components, and shoWing that a separation is 
beginning to appear betWeen cases (5 most left boxes) and 
controls (5 most right boxes). Factor analysis Was performed 
using continuously distributed variables With the principal 
component option of the SAS FACTOR procedure. Variables 
may be transformed to improve normality, although principal 
components are fairly robust to normality deviations. Vari 
ables included in the factor analysis include all cytokine 
levels included in an array experiment, for example. In most 
cases the minimum number of components are selected based 
on components Whose eigenvalues exceed unity. Eigenvalues 
are the sum of the squared correlations betWeen the original 
independent variables and the principal components and rep 
resent the amounts of variance attributable to the compo 
nents. 

[0122] To avoid over-factored models one generally 
excludes components With eigenvalues equal to or barely 
exceeding unity that lie beloW the in?ection point on a screen 
plot and that do not contribute additional clarity to the result 
ant factor pattern. To produce interpretable factors, the mini 
mum number of principal components can be rotated using 
the orthogonal varimax method. This orthogonal rotation is a 
transformation of the original components that produces fac 
tors uncorrelated With each other (representing unique inde 
pendent domains), but highly correlated With unique subsets 
of the original cytokines. In general, loadings (correlations 
betWeen the factors and the original independent variables; 
range —l.0 to 1.0) greater than 10.30 are used to interpret the 
resulting factor pattern. Similarities betWeen loadings on the 
same factor Within selected subgroups (for example, Asian 
versus White Women) can be evaluated using coef?cients of 
congruence. The coe?icient of congruence approaches unity 
When factor loadings are identical betWeen subgroups. 

[0123] Although factor analysis is not a strict hypothesis 
testing methodology, one can use Bartlett’s method, Which 
gives a value distributed approximately as chi-square, to test 
the null hypothesis that the ?rst dominant factor may be 
signi?cant, but remaining factors explain only error variance 
and are not signi?cant. Con?rmatory factor analyses can be 
conducted to assess Whether an empirically determined 
model (e.g., a three factor solution With tWo independent 
variables loading on tWo factors) provides a better ?t to the 
data than a model With all independent variables loading on a 
single factor (the null hypothesis model). Three goodness-of 
?t indices are generally employed: (i) the maximum likeli 
hood goodness-of-?t index, Which gives a value distributed as 
chi-square and Where a smaller value indicates a better ?t to 
the data, (ii) Bentler’s non-normed ?t, and (iii) Bentler and 
Bonett’s comparative ?t indices, Where higher values (range, 
0 to 1.0) indicate a better ?t. 












