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Predictors of Obstetrical Complications:
A Prospective Cohort Study

Medyannikova Irina* ¢, Barinov Sergey?, Gudinova Jeanne®

Abstract

Background: The objective was to identify predictors of obstetri-
cal complications.

Methods: A prospective cohort study, a state-run obstetrical hos-
pital, Omsk, Russia. Out of a total 2,497 pregnant women with a
gestation age of less than 12 weeks, 2,356 women with singlet preg-
nancies were selected. Data at gestation outcome were available
for 2,177 women. Medical and social factors were evaluated and
blood coagulation screening was performed in women in the first
trimester. Ordered logistic regression was used to assess risks of
obstetrical complications. The following obstetrical complications
were evaluated after 28 weeks of gestation: preeclampsia, abruptio
placentae, preterm labor, intrauterine growth restriction and intra-
uterine hypoxia.

Results: A prognostic model comprised of 21 predictors (P <
0.001) with strong association (0.82) between the studied param-
eters and the obstetrical complications was obtained. Probability of
obstetrical complications (91.1%) was associated with the follow-
ing parameters in women: age, education, parity, medical history,
heredity (family history) and blood coagulation profile. Increased
fibrinogen concentrations and reduced thrombin clotting time in the
first trimester were associated with severe obstetrical complications
late in pregnancy.

Conclusions: Women with late obstetrical complications were
found to have increased blood viscosity and an increase in coagula-
tion potential early in pregnancy. The prognostic model obtained
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may have great significance and requires further validation.
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Introduction

Preeclampsia, abruptio placentae, preterm labor, intrauterine
growth restriction (IUGR) and intrauterine fetal demise cur-
rently remain major causes of maternal and perinatal mor-
bidity worldwide [1, 2].

In Russia, various degrees of complications during labor
and delivery account for 70.1% of all pregnancies; neona-
tal morbidity comprises 37.3% [3]. Of all labors, 10.2% are
preterm, 4.9% are severe preeclampsia, 2.5% involve obstet-
rical bleeding, and of every 1,000 births, 10.3 result in peri-
natal mortality, with 57.2% caused by intrauterine hypoxia
and asphyxia.

Placentation in humans is now well-established to be
associated with unique vascular remodeling. Defective deep
placentation has been associated with a spectrum of com-
plications during pregnancy including preeclampsia, [IUGR,
preterm labor and abruptio placentae [4, 5]. The high rate
of placental lesions found in both hypercoagulable and non-
hypercoagulable women with severe complications in these
studies may explain the difficulty of finding a difference be-
tween these two categories of women, or may reflect a still
unknown state of hypercoagulability.

Previous studies investigating risk factors for complica-
tions of pregnancy have used birth registries or hospital da-
tabases [6, 7], randomized trials with negative results [8, 9]
and, in a few studies, prospective general population cohorts
comprised of high-risk women [10-12].

Study objective

The objective was to develop an algorithm of early (trimes-
ter 1) risk assessment of late gestation complications using
medical, social and coagulation profile factors as potential
predictors.
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Table 1. Clinical Criteria of the Study

Severity criteria

Condition
Mild Moderate Severe

Preeclampsia Systolic BP 140-160 Systolic BP 140 - 160 Systolic BP > 160 mmHg;
mmHg; mmHg; Diastolic BP> 110 mmHg;
Diastolic BP90 - 100 Diastolic BP90 - 110 Proteinuria > 0.5 g/24 h.
mmHg; mmHg;
Proteinuria < 0.3 g/24 Proteinuria 0.3 - 0.5 g/24 h.
hours.

Abruptio placentae -

IUGR Hypotrophic IUGR, fetal

hypotrophy

Labor at 35 - 37 weeks of
gestation;
Weight at birth < 2,500 g.

Preterm labor

Conditions that require
supplementary support in
the delivery room.

Intrauterine hypoxia

Asymmetrical [UGR, small-
for-gestational-age fetus.

Labor at 32 - 34 weeks of
gestation;
Weight at birth < 2,000 g.

Conditions that require
additional care at the
maternity department.

Abdominal pain or vaginal
bleeding;

Sonographic signs of
placental abruption or fetal
distress.

Symmetrical [UGR,
Fetal weight < 10
percentile.

Labor at 28 - 31 weeks of
gestation;
Weight at birth < 1,500 g.

Conditions that require
additional care at the
neonatal unit; Conditions

that caused death in
perinatal, neonatal periods.

BP: blood pressure; IUGR: intrauterine growth restriction.

Methods

Participants were recruited during 2010 - 2011 by consecu-
tive, population-based enrollment from pregnant women
receiving care from the state-run healthcare institution in
Omsk Region of Russia, the “Clinical Maternity Hospital
No. 17. These participants included women who were direct-
ly enrolled for prenatal care as outpatients or inpatients or by
referral from other healthcare institutions.

In order to prevent skewing of highly prognostic co-
agulation profile screening results, pregnant women with
subcompensated and decompensated extragenital medical
conditions, malignancies, acute infections and fertility-drug-
induced pregnancies were excluded from the study. Compli-
cations of pregnancy that could be caused by other etiolo-
gies (for example, infectious, endocrine, anatomical, fetal),
including habitual abortion, miscarriages before 28 weeks
of gestation, cervical incompetence, developmental geni-
tal anomalies, multiple pregnancies, placenta previa, fetal
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anomalies, vasa previa and perinatal fetal injuries were also
not considered.

Pregnant women who participated in the study received
prenatal care from 12 outpatient maternity clinics and then
delivered at 6 maternity hospitals in the city of Omsk. Blood
coagulation studies were done at the laboratory of Clini-
cal Maternity Hospital #1. Baseline was determined at the
women’s prenatal care visit at 10 - 12 weeks of gestation.
Participants then completed 2 follow-up visits at 22 - 24
weeks and 34 - 36 weeks of gestation. Study participation
was completed by the end of neonatal period (28th day from
child’s birth).

Clinical criteria of the study were assessed starting from
28 weeks of gestation (Table 1). Women were divided into
groups based on the severity of their obstetrical and perinatal
complications. Women with complications in the second half
of pregnancy comprised the main study group. The control
group included women with uncomplicated gestation.

To assess the risk of complications in late pregnancy,
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Table 2. Inclusion/Exclusion Into the Study

Inclusion

Exclusion

Screened, N = 2,497

Inclusion criteria not met (n = 123).

Refused to participate (n = 18).

Recruited, N =2,356

Multiple pregnancies (n = 9).

Spontaneous abortion before 28 weeks (n = 61).
Congenital fetal anomalies (n = 7).

Primary or recurring infection in the woman (n = 9).
Lost to follow-up (n = 58).

Completed study, N =2,212

Chorioamnionitis (n = 1).

Hemolytic disease of newborn (n = 1).
Congenital anomalies in a neonate (n =5).
Congenital infections in a neonate (n = 4).
Missing data (n = 24).

Included into analysis, N =2,177

Main group (n = 1,684).

Control group (n = 493).

90 potential factors present in the first trimester (80 medi-
cal and social factors and 10 laboratory parameters of
blood) were considered as potential predictors. The follow-
ing potential risk factors for obstetrical complications were
studied: 1) biosocial factors: age, body mass index, parity,
marital status, education, occupation, and economic status;
2) behavioral characteristics: smoking status, dietary hab-
its, and water consumption; 3) heredity (family history):
cardiovascular disease, obesity, diabetes mellitus, and bron-
chial asthma; 4) medical history: diseases of the endocrine,
nervous, and cardiovascular systems, infectious diseases,
psychiatric conditions, tumors, diseases of eyes, ears, skin,
and respiratory organs, and digestive, musculoskeletal and
genitourinary diseases; 5) pharmacologic history: estrogen
use before and progestin use during pregnancy; 6) family
planning care (preconception care); 7) prenatal psychologi-
cal care (classes for future parents); 8) peripheral complete
blood count: hemoglobin, red blood cell (RBC) and white
blood cell (WBC) counts, and erythrocyte sedimentation rate
(ESR); 9) blood coagulation profile: platelet count, activated
partial thromboplastin time (aPTT), prothrombin time (PT),
thrombin time, fibrinogen and fibrin split products (soluble
fibrin monomers).

The needed sample size was determined based on the
sample share [13, 14]. The smallest sample share was ac-
cepted to be an average rate of placental abruption (1.2%) in
the studied territory; 2,100 pregnant women comprised the
smallest sample size. The final sample size, 2,400 partici-
pants, was increased by 15% to account for possible loss of
participants to follow-up (withdrawals, exclusion criteria).

Statistical analysis was performed using SAS 9.2 soft-
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ware package. The analyzed data included only cases with
complete sets of all studied parameters. The critical value of
statistical significance for null hypothesis testing was taken
to be 0.05 or 0.1. In case the significance level exceeded the
critical value, the null hypothesis was accepted to be true.
Associations between pairs of qualitative parameters were
analyzed using cross-tabulation, odds ratios (OR), with
2-sided 95% confidence intervals (CI) evaluating the value
of Neyman-Pearson criterion (?).

In order to evaluate the risks of development of late
gestational complications, ordered logistic regression meth-
od with stepwise algorithms of inclusion and exclusion of
predictors was used [15, 16]. As a dependent variable, the
parameter “gestation outcome” was used with four grada-
tions: “no complications”, “mild complications”, “moderate
complications” and “severe complications”. Relative contri-
bution of predictors is expressed by the Wald statistics value
(¥?) and standardized coefficient of regression (standardized
estimate). As the prognosis criterion, the percentage of cor-
rect (concordant) classification, the value of Somers-D coef-
ficient, was used. About 100 equations of logistic regression
were obtained and the equations with the highest values (>
80%) of the parameter were selected.

Results

The coverage of the studied population of pregnant women of
the city of Omsk comprised 15%. The study sample consist-
ed of 2,356 women with singlet pregnancy before 12 weeks
of gestation. The study was completed by 2,212 women,

www.jcgo.elmerpress.com



Irina et al

J Clin Gynecol Obstet. 2014;3(1):14-21

Table 3. Obstetrical and Perinatal Complications in the Study Cohort

Mild Moderate Severe

N=1,165 N =340 N=179
Complications Total

abs % abs % abs %
Abruptio placentae - - - - 20 100.0 20
Preeclampsia 407 60.93 156 23.35 105 15.72 668
Preterm labor 206 51.24 123 30.60 73 18.16 402
IUGR 267 62.97 75 17.69 82 19.34 424
Intrauterine hypoxia 412 60.59 161 23.68 107 15.74 680

abs: absolute value.

with data available at the end of the study for 2,177 women
(Table 2). Gestation-related complications were evaluated
after 28 weeks of pregnancy including: preeclampsia, pla-
cental abruption, preterm labor, [IUGR and intrauterine hy-
poxia (Table 3).

The control group (N = 493) was comprised of wom-
en with only physiological changes during pregnancy. The
main study group (N = 1,684) included cases with gestation
complications of mild (N = 1,165), moderate (N = 340) and
severe (N = 179) degrees of severity.

Severe outcomes of gestation were observed in 8.2%
(179) of the study participants. Of this group, 0.9% (20) had
abruptio placentae, 4.8% (105) had severe preeclampsia,
3.4% (73) went into preterm labor at 28 - 31 weeks, 3.8%
(82) experienced IUGR, with body weight < 10 percentile
at birth, 4.0% (88) had to have ventilator respiratory support
for the baby and out of 1,000 live births, 7.4 experienced
perinatal mortality.

The quantitative parameters of the cohort are shown in
Table 4.

Medical and social parameters of women were signifi-
cantly different in the groups of physiological and compli-
cated course of the gestation (Supplementary 1).

Unmarried women (OR =1.6; CI=1.2-2.2; P=0.002),
unemployed homemakers (OR = 1.8; CI = 1.4 - 2.2; P <
0.001) and those who assessed their economical status as
being low (OR =2.0; CI =14 -2.8; P <0.001) were more
commonly found in the main study group.

Also implicated in the increased risk of unfavorable ges-
tation outcomes of varying degrees of severity were the lack
of preconception care (OR = 1.5; CI = 1.2 - 2.1; P = 0.005),
including supplementation with folic acid (400 pg/day), to-
coferol (10 IU/day), potassium iodide (100 pg/day) and in-
sufficient prenatal psychological preparation (OR = 4.4; CI
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=3.6-5.5;P<0.001).

Women’s low body weight (OR =2.8; CI=1.9-4.2; P
< 0.001) and obesity (OR = 1.7; CI = 1.2 - 2.4; P = 0.007)
increased the risk of late gestation complications. Pregnant
women with less than 1 L consumption of liquids per day
(OR =2.6; CI=1.9 -3.6; P<0.001) and those whose daily
food intake included a prevalence of grain-derived products
(OR=2.4;CI=1.8-3.2;P<0.001) had a higher risk of the
conditions studied.

History of diabetes mellitus (OR = 14.3; CI=7.1 - 29.1;
P <0.001) and bronchial asthma (OR =8.8; C1=4.5-17.2;
P <0.001) in first and second degree relatives also increased
the risk of the studied conditions.

At least one chronic disease was present in histories
of 75.8% (1,650) of all women, 49.9% (246) in the control
group and 83.4% (1,404) in the main study group. High rates
of chronic somatic conditions were found in the study co-
hort with differences between study groups being significant
for all ICD-10 classes of diseases: Class I - Infectious and
parasitic diseases: other specified predominantly sexually
transmitted diseases (A63.8), herpesviral infection (B00.9);
Class II - Neoplasms: hemangioma (D18.0), diffuse cystic
mastopathy (N60.1), leiomyoma or uterus (D25.9), other
benign neoplasm of cervix uteri (D26.0), benign neoplasm
of ovary (D27); Class III - Diseases of the blood: iron-defi-
ciency anemia (D50.9); Class IV - Endocrine diseases: sub-
clinical iodine-deficiency hypothyroidism (E02), nutritional
deficiency (E63.9), obesity (E66.9); Class V - Mental and
Behavioral Disorders: somatoform autonomic dysfunction
(F45.3); Class VI - Diseases of the nervous system: migraine
(G43.9); Class VII - Diseases of the eye: myopia (H52.1);
Class VIII - Diseases of the ear: otitis media (H66.9); Class
IX - Diseases of the circulatory system: essential hyperten-
sion (I10), cardiac arrhythmia (I49.9), asymptomatic vari-
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Table 4. Major Quantitative Parameters in the Study Cohort

.. .. Maternal age, Body mass Term at birth, Body weight of
Descriptive statistics .
years index, kg/m? weeks neonate, g

No Mean 24.82 23.98 38.51 3,492
complications g 5.01 3.28 0.77 282.6
N =493

Median 24 23.7 38 3,450

Minimum 16 16,8 37 2,920

Maximum 41 342 41 4,650
Mild Mean 25.6 23.47 38.27 3,239
complications g 5.47 3.63 133 657.5
N=1,165

Median 25 23.1 39 3,370

Minimum 16 16.5 35 2,000

Maximum 42 34.4 42 4,460
Moderate Mean 27.47 25.87 37.13 3,138
complications SD 5.94 4.53 1.82 556.9
N =340

Median 28 259 37 3,085

Minimum 17 16.8 32 1,515

Maximum 42 34.2 41 4,500
Severe Mean 26.85 24.74 36.23 2,752
complications
N=179 SD 6.22 4.39 3 744.6

Median 26 23.7 37 2,910

Minimum 16 17.6 28 1,090

Maximum 39 333 40 4,340

SD: standard deviation.

cose veins of lower extremities (183.9), hemorrhoids (184.9),
pelvic varices (I86.2), vulval varices (I86.3), hypotension
(I95.9); Class X - Diseases of the respiratory system: chronic
nasopharyngitis (J31.1), chronic tonsillitis (J35.0), chronic
bronchitis (J41.0), status asthmaticus (J46); Class XI - Dis-
eases of the digestive system: chronic gastritis (K29.5), gas-
troduodenitis (K29.9), constipation (K59.0), chronic chole-
cystitis (K81.1), spasm of sphincter of Oddi (K83.4); Class
XII - Diseases of the skin: allergic urticaria (L50.0); Class
XIIT - Diseases of the musculoskeletal system: seronegative
rheumatoid arthritis (M06.0), scoliosis (M41.9), spinal os-
teochondrosis (M42.9); Class XIV - Diseases of the geni-
tourinary system: chronic pyelonephritis (N11.0), ectopic
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kidney (Q63.2), chronic interstitial cystitis, (N30.1), chronic
salpyngitis and oophoritis (N70.1), inflammatory disease of
cervix uteri (N72), chronic vaginitis (N76.1), erosion and
ectropion of cervix uteri (N86), pelvic pain (N94), postpro-
cedural pelvic peritoneal adhesions (N99.4).

In women with complications in the second half of preg-
nancy, baseline hemorheologic dysfunction with activation
of endothelial/platelet and blood coagulation systems of he-
mostasis were revealed (Supplementary 2). Baseline impair-
ments in blood coagulation system in women with patho-
logic pregnancies (main study group) were as follows: 29%
(488) had impairments in the endothelial-platelet interaction;
28% (472) had pathological hypercoagulable state; 23%
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(387) had chronic disseminated intravascular coagulation
(DIC) syndrome; 11% (185) had impairment of fibrinolysis;
9% (152) had isocoagulation phenomena.

Analysis of the prediction value dynamics of the se-
lected predictors was worked through with the indication of
percentage of correct prediction at each step. Supplementary
3 incorporates the order of inclusion of predictors that have
the greatest significance.

Stepwise selection of variables resulted in the statistical-
ly significant model (P < 0.001) consisting of 21 predictors
(Supplementary 3). According to this model, concordance of
over 90% shows that the studied complications can be pre-
dicted in the first trimester with high probability. Somers’ D
coefficient (> 0.8) points to a strong association of the mod-
el’s predictors with the complications studied.

Marital status, occupation, economical status, dietary
habits, water consumption and preconception care were not
included in the logistic regression equation (3> < 1.0; P >
0.1).

When analyzing the prediction value of the selected
predictors, blood coagulation parameters that had the high-
est standardized coefficient module values were fibrino-
gen, erythrocyte sedimentation rate (ESR), WBC count and
thrombin time. Differences in these parameters were asso-
ciated with the greatest differences in comparing gestation
outcomes between the groups.

According to this model, the severity of unfavorable
gestation outcome is determined by the following factors,
in order of decreasing prediction value of the predictor: fi-
brinogen (OR = 10.0; CI = 6.25 - 16.67; P = 0.002), ESR
(OR =1.48; CI =1.43 - 1.54; P <0.001), age (OR = 1.12;
CI=1.09 - 1.15; P <0.001), diseases of circulatory system
(OR=3.33;CI1=2.67-4.15;P=0.010), inadequate prenatal
psychological care (OR =3.42; C1 =2.64 - 4.46; P=0.008),
prothrombin time (OR = 1.79; CI = 1.44 - 2.22; P <0.001),
diseases of the genitourinary system (OR = 1.79; CI = 1.43
-2.23; P=0.0006), pelvic pain (OR =1.79; CI = 1.47 - 2.19;
P <0.001), hormone therapy (estrogens use before and pro-
gestin use during pregnancy) (OR = 1.22; CI = 1.11 - 1.34;
P <0.001), obesity (OR =1.45; C1=1.23 - 1.70; P<0.001),
chronic bronchitis (OR = 1.45; CI = 1.21 - 1.75; P <0.001),
education (OR = 1.283; CI = 1.07 - 1.54; P <0.001), peptic
ulcer disease (OR =2.38; CI =1.43 - 3.95; P=0.001), mus-
culoskeletal system diseases (OR = 1.59; CI=1.16 - 2.19; P
=0.004), neoplasms (OR =1.61; CI=1.15-2.25; P<0.001)
and herpes virus infection (OR =1.32; CI =1.07 - 1.63; P <
0.001).

Factors that decrease the risk of severe obstetrical com-
plications, in order of decreasing the predictor’s prediction
value are: WBC count (OR = 0.39; CI = 0.35 - 043; P <
0.001), thrombin time (OR = 0.28; CI = 0.24 - 0.34; P <
0.001), parity (OR = 0.44; CI=0.32 - 0.59; P <0.001), un-
complicated heredity (family history) (OR = 0.84; CI = 0.79
- 0.90; P <0.001) and hemoglobin (OR = 0.98; CI = 0.96 -
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0.99; P<0.001).

Discussion

In practice, the ability to predict obstetrical complications
using an aggregate of all available information about a wom-
an, both clinical and laboratory, would be of interest to many.
However, despite numerous studies, the significance of each
of the risk factors remains unknown [17-19]. Blood coagula-
tion disorders comprise an important link in the pathogenesis
of obstetrical pathology creating a premorbid background for
thrombo-hemorrhagic complications [20, 21]. The origins of
placental circulatory impairment lie in the development of
generalized microangiopathy and hypercoagulability due to
cardiovascular, infectious and septic, immunological, meta-
bolic and genetic factors [22, 23].

In order to assess the risk of development of late compli-
cations of gestation, 90 potential risk factors were evaluated
in pregnant women in the first trimester as probable predic-
tors including 80 medical and social factors and 10 blood
laboratory parameters. Using the method of ordered logis-
tic regression, the following prognostic factors of obstetri-
cal complications related to severe gestation outcomes were
determined: age, education, parity, medical history, family
history and blood coagulation profile. Marital status, occu-
pation, economic status, dietary habits, drinking water con-
sumption and preconception care were not associated with
severity of complications studied.

Of note, despite the great number of potentially explana-
tory variables, as early as the second step of multiregression
analysis, chronic diseases were surpassed by blood coagula-
tion tests by their predictive value. Already in the early stag-
es of development of gestational complications, interactions
between parts of the hemostasis system are associated with
increased blood viscosity and increased coagulation poten-
tial along with inhibition of the fibrinolytic system. With the
progression of severity of obstetrical complications observed
is an increase in concentration of the main coagulation pro-
tein (fibrinogen) and in the aggregate activity of clotting fac-
tors that comprise the common final pathway of coagulation
cascade (decrease in thrombin time). These changes point to
the intensification of intravascular blood coagulation.

Previous studies investigating risk factors for compli-
cations of pregnancy have used birth registries or hospital
databases [0, 7], randomized trials with negative results (that
is, no treatment effect shown) [8, 9] and, in a few studies,
prospective cohorts (usually general obstetric populations)
designed to investigate outcomes of pregnancy [10, 22].
Consistent with other contemporary studies, the women who
developed complications during pregnancy were younger,
more obese, and more likely to have lower socioeconomic
status [23-25]. Many of the risk factors included in the algo-
rithm presented herein are associated with a similar degree
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of risk to those previously reported, supporting the potential
applicability of the algorithm to other populations.

A recent series of publications reported algorithms to
predict complications of pregnancy outcome based on clini-
cal risk factors in a general population comprising high risk
women, nulliparous women and low risk women (multipa-
ras with previous uncomplicated pregnancies) [9, 10, 26]. A
model is fitted to the population, in which it was developed,
using the available candidate predictors [27]. A general an-
tenatal population constructed of subgroups with different
risk profiles is difficult to replicate. The importance of popu-
lation differences is evident in the failure of one proposed
algorithm to validate in a high-risk population [28], raising
questions as to a more general applicability to other popula-
tions of pregnant women. Poor performance on validation
might also occur because key predictors are missing from
the model. When the list of candidate predictors including
strongly predictive factors, such as previous complications
during pregnancy, renal disease and chronic hypertension [7,
29], these will take precedence, replacing other factors that
might be more relevant to healthy women. In contrast, can-
didate predictors applicable to other populations of pregnant
women were investigated in this study.

Potential measurement errors, such as self-reported fam-
ily history [30], could have occurred, but as the goal was
to develop a prototype algorithm ultimately for clinical
use, this limitation was accepted. Principal investigators re-
viewed outcome data for cases, ensuring accurate diagnosis.
A challenge when predicting rare events in prospective co-
horts is the relatively low numbers of cases compared with
studies based on huge epidemiological databases. While the
latter might have a substantially greater number of events,
interpretation is restrained by less accurate diagnosis.

Conclusion

The concept of a personalized clinical risk estimate for dis-
ease, to which biomarkers can be added, is established in
several areas of medicine. The algorithm to predict compli-
cations of pregnancy reported here provides the first step to-
ward a personalized risk obstetric score for low risk women.
It is inevitable the model will be over-fitted to the study
population and external validation of the algorithm in other
populations of pregnant women is essential. The algorithm’s
performance will be evaluated in the next 2,000 women,
with nearly all being recruited in different centers. Valida-
tion should also be performed in other study populations of
pregnant women.
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