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Abstract

Objective—To compare the risk of giving birth to large for gestational age infants in women

with and without preeclampsia, after adjustment for obesity and glucose intolerance.

Study Design—Prospective cohort study of pregnant women with and without preeclampsia

who delivered infants between 1998 and 2006 at Massachusetts General Hospital.

Results—The risk of LGA was similar in women with and without preeclampsia (OR 0.81 95%

CI 0.59–1.14). After adjustment for body mass index, glucose intolerance, and other factors, the

risk of LGA was significantly lower in women with preeclampsia compared to those without

preeclampsia (OR 0.69 95% CI 0.49–0.96). Stratified analysis in groups with a higher risk of LGA

revealed that preeclampsia has a similar effect on the risk of LGA regardless of maternal obesity,

glucose intolerance, parity, and race

Conclusion—Preeclampsia appears to be characterized by reduced, and not increased, fetal

growth.
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INTRODUCTION

Preeclampsia is a systemic syndrome unique to pregnancy, characterized clinically by new

onset hypertension and proteinuria after 20 weeks gestation.1 An important initiating event

in the pathogenesis of preeclampsia is thought to be abnormal placentation with shallow

invasion of the placental cytotrophoblast and consequent compromised placental

perfusion.2–5 This altered placentation is thought to lead to placental ischemia and hypoxia,

triggering the release of circulating factors which lead to systemic endothelial dysfunction.6

If placental ischemia is a critical pathogenic factor in preeclampsia, one would expect this

disorder to be associated with reduced fetal growth. Consistent with this, the risk of fetal

growth restriction and small size for gestational age among infants born to women with

preeclampsia is reported to be 2–5 times the risk among infants born to women without

preeclampsia.7–9 Recently, however, several epidemiologic studies have reported an

association between large for gestational age (LGA) infants and preeclampsia.10–13 These

studies challenge experimental and human data suggesting that placental hypoperfusion and

ischemia are important to the pathogenesis of preeclampsia.5, 14–16 In fact, in light of these

reports, some have suggested that preeclampsia may be two diseases with two different

biological processes, one which results in reduced fetal growth, and one which results in

increased fetal growth.12 Clarity on this matter is needed to guide clinicians caring for

women with preeclampsia, and importantly directing future clinical and experimental

research in preeclampsia.

Obesity and glucose intolerance are some of the most common risk factors for both

preeclampsia and large for gestational age infants.17–22 Infant birth weight is strongly

associated with maternal pre-pregnancy body mass index, independent of gestational weight

gain,23 and among obese women the risk of preeclampsia is elevated by 2–3 fold.24–25

Similarly, maternal glucose intolerance is linearly associated with large for gestational age

infants and outcomes related to infant size, including birth injury and cesarean delivery.26

Glucose intolerance also increases the risk for preeclampsia; in fact, treatment of gestational

diabetes mellitus with diet or insulin decreases the risk of preeclampsia by half.17, 27–28

While some studies reporting an excess risk of large for gestational age infants in

preeclampsia excluded women with pre-gestational diabetes mellitus from their analyses,

none adjusted for body mass index or controlled for more subtle variation in glucose

intolerance.10–13 In addition, other factors such as smoking, which is directly associated

with small for gestational age infants and less frequent in women with preeclampsia,29–30

may have falsely inflated the rate of large for gestational age infants in preeclampsia (i.e. not

smoking increases the risk for both preeclampsia and LGA).

The Massachusetts General Hospital (MGH) birth database includes detailed information on

all women who enrolled in prenatal care at MGH and affiliated health centers between 1998

and 2006. We hypothesized that the reported excess risk of large for gestational age infants
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in preeclampsia could be accounted for by confounding by obesity, glucose intolerance, and

other factors associated with preeclampsia and fetal growth. We sought to test this

hypothesis in our cohort by comparing the risk of delivering a large for gestational age

infant in women with and without preeclampsia after adjustment for possible confounding

factors.

MATERIALS AND METHODS

Subjects and Data Collection

We performed a study of pregnancies in the Massachusetts General Hospital obstetric

service birth database between September 1, 1998 and December 31, 2006. This database

contains clinical information on all women who enroll in prenatal care at Massachusetts

General Hospital or one of its affiliated health care centers. The Massachusetts General

Hospital obstetrics service provides community-based obstetrics care for women from the

metropolitan Boston area and high-risk obstetrics care for women referred from throughout

New England. This cohort represents a population of women from varied ethnic and

socioeconomic backgrounds with 38% of patients being ethnic minorities. Clinical

information such as medical histories, prenatal blood pressures, and delivery information are

entered into the database prospectively.

For this study we included all singleton pregnancies in women who enrolled in prenatal care

during the study period (1998–2006, n=22,980). The database contains information

downloaded from the obstetrical electronic medical record that was entered prospectively

during the incident pregnancy. These data include maternal age, body mass index, race, and

smoking status at the first prenatal visit. They also include and information on blood

pressure, results of urine dipstick testing throughout pregnancy and the results of a 50 gram,

1 hour, oral glucose loading test (GLT) performed routinely at 24–28 weeks gestation to

screen for gestational diabetes mellitus and from a 100 gram, 3 hour, oral glucose tolerance

test performed if the glucose loading test result was abnormal (≥140 mg/dl).31 Finally the

database contains data from the delivery including infant birth weight, and maternal and

infant complications. We excluded pregnancies with missing blood pressure data from the

first prenatal visit (n=3124), missing height or weight data (n=2135) from the first prenatal

visit, or missing birth weight data from delivery (n=90). We also excluded women who did

not have a recorded glucose loading test result, as they may have had pre-gestational

diabetes (n=166). This left 17,465 pregnancies for analysis.

Ascertainment of Exposures and Outcomes

The diagnosis of preeclampsia was based on blood pressures and spot urine protein

measurements made at prenatal visits. In women who were normotensive at their first

prenatal visit (blood pressure <140/90), gestational hypertension was defined as blood

pressure greater than or equal to 140/90 after 20 weeks gestation. In women who were

hypertensive at their first prenatal visit (blood pressure greater than or equal to 140/90)

gestational hypertension was defined by the presence of a rise in systolic blood pressure

greater than 30 mm Hg or a rise in diastolic blood pressure greater than 15 mm Hg after 20

weeks gestation. Cases of preeclampsia were women with gestational hypertension and
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greater than 2+ proteinuria after 20 weeks gestation (n=386) or gestational hypertension and

greater than 1+ proteinuria after 20 weeks gestation with confirmation of the diagnosis in the

electronic delivery record (n=102). Obesity was defined as body mass index ≥30 kg/m2 at

the first prenatal visit. Nulliparity was defined as never having had a previous live birth >20

weeks gestation. Gestational diabetes was defined as greater than or equal to 2 abnormal

values on a glucose tolerance test by Carpenter-Coustan criteria.31 Large for gestational age

was defined as the 90th percentile for completed week of gestation based on national

standards from Oken et al.32 Small for gestational age was defined as the 10th percentile for

completed week of gestational age based on the same national standards.

Statistical Analysis

Characteristics of women with and without preeclampsia were compared using Student’s t-

tests and chi-squared tests as appropriate. Univariate and multivariate logistic regression

models were used to compare the odds of delivering a large for gestational age infant in

women with and without preeclampsia both before and after stratification for obesity,

gestational diabetes, and parity. Multivariate logistic regression models included variables

associated with preeclampsia and size for gestational age. Statistical analyses were

conducted using STATA 11 (Stata Corporation, College Station, TX).

RESULTS

At the first prenatal visit, women who subsequently developed preeclampsia (n=474, 2.8%)

had similar ages and gestational ages, but higher average body mass index and blood

pressure compared with those who did not go on to develop preeclampsia (Table 1). Women

who subsequently developed preeclampsia were more likely to be obese, nulliparous, and

Hispanic than women who did not subsequently develop preeclampsia. Women who

subsequently developed preeclampsia were less likely to have smoked, but this did not reach

statistical significance. Women who developed preeclampsia had higher glucose loading test

results and a higher rate of gestational diabetes mellitus. Infants of women with

preeclampsia were delivered earlier, and likely as a consequence, had a smaller mean birth

weight and were admitted to the neonatal intensive care unit more often than infants born to

mothers without preeclampsia. Pregnancies complicated by preeclampsia resulted in

delivery of small for gestational age infants more often than in pregnancies not complicated

by preeclampsia (15.9% vs. 7.3%; Table 1). Large for gestational age infants were slightly

less common in pregnancies complicated by preeclampsia compared with those that were

not, but this did not reach statistical significance. (8.4% vs 10.1%, p=0.230; Table 1).

As detailed in Table 2, women who delivered large for gestational age infants were less

likely to be nulliparous and more likely to be Caucasian. At the first prenatal visit women

who subsequently delivered a large for gestational age infant were older and had higher

blood pressures. Women who delivered a large for gestational age infant had higher glucose

loading test results and a higher incidence of gestational diabetes mellitus as defined by

Carpenter-Coustan criteria.31

In univariate analyses, the risk of delivering a large for gestational age infant was not

significantly different in women with and without preeclampsia (OR 0.81 95% CI 0.59–
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1.14; Table 3). However, after adjustment for body mass index, the risk of LGA was

significantly lower in women with preeclampsia compared to women without preeclampsia

(Table 3). After adjustment for glucose loading test result, a measure of glucose tolerance,

and nulliparity, the risk of LGA in women with preeclampsia remained about 30% lower in

women with preeclampsia. In a multivariate analysis after adjustment for nulliparity, body

mass index, glucose loading test result, current smoking, diastolic blood pressure at baseline,

and non-white race, the odds ratio of delivering a large for gestational age infant in women

with preeclampsia remained significantly lower when compared to women without

preeclampsia (Table 3). When only women who were normotensive (BP<140/90) at the first

prenatal visit were considered, the risk of LGA in women with preeclampsia were

considered, these results were not changed (multivariate OR 0.65, 95% CI 0.46–0.91) When

only women at term (delivery ≥ 37 weeks of gestation) were considered, the risk of LGA in

women with preeclampsia was slightly lower than in women without preeclampsia, but this

difference did not reach statistical significance (multivariate OR 0.84, 95% CI 0.59–1.18).

Stratified analysis revealed that preeclampsia had a similar effect on the risk of LGA in

obese and non-obese women, nulliparous and multiparous women, women with and without

an abnormal glucose loading test result, and white and non-white women. (Figure 1). After

exclusion of obese women, women with abnormal glucose loading test results (≥140 mg/dl),

and multiparous women, the risk of delivering an LGA infant among women without

preeclampsia was 6.1% while the risk of delivering an LGA infant among women with

preeclampsia was 5.1% (Adjusted OR 0.77 95% CI 0.39–1.52.)

COMMENT

Among a large cohort of women receiving prenatal care at a large New England hospital, we

found no evidence of risk of large for gestational age infants in preeclampsia. In fact, the

risk of delivering a large for gestational age infant was significantly decreased among

women with preeclampsia after adjustment for possible confounding factors including

obesity, glucose intolerance, smoking, race, and nulliparity. We found no evidence that any

subtype of preeclampsia was associated with a greater risk for large for gestational age

infants. Although our data conflicts with data from previous studies which reported an

increased risk of large for gestational age in preeclampsia,10–13 our results are consistent

with previous experimental and human data which suggest that preeclampsia is

characterized by abnormal placentation, placental ischemia, and subsequent reduced fetal

growth.2–5, 9, 14, 16

Obesity is a known risk factor for both preeclampsia and the delivery of large for gestational

age infants; our data confirm this relationship.18–21 The relationship between body mass

index and the risk of delivering a large for gestational age infant is continuous and consistent

across all levels of body mass index, making it essential to adjust for this factor to determine

the true effect of preeclampsia on the risk of delivering a large for gestational age infant.

While most of the studies reporting an excess risk of large for gestational age infants did not

adjust for body mass index, one study which found an excess risk for large for gestational

age infants in preeclampsia did adjust for body weight greater than 200 lbs.13 This simple

stratification was likely inadequate both because of the continuous relationship between
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body mass index and the risk of large for gestational age and because many women

classified as obese weigh less than 200 lbs. While we did not find an increased risk of large

for gestational age infants born to women with preeclampsia even before adjustment for

obesity, based on the decrease in the odds ratio after adjustment for body mass index in our

own study and the magnitude of the increased risk of large for gestational age infants in

preeclampsia found in other studies (odds ratios of 1.4–1.9),10–13 the excess risk reported in

these studies might likely have been abolished after adjustment for body mass index.

Interestingly, the risk of delivering a large for gestational age infant appeared to be higher in

obese women with preeclampsia than in non-obese women without preeclampsia (see Figure

1). This demonstrates how in prior studies, without adjustment for obesity, the risk of large

for gestational age infants may have appeared greater in women with preeclampsia than in

women without the disease. However, our multivariate analysis shows that preeclampsia had

a negative effect of similar magnitude on the risk of delivering a large for gestational age

infant in both obese and non-obese women.

Independent of body mass index, glucose intolerance is also associated with an elevated risk

of both large for gestational age infants and preeclampsia.17, 19, 26, 28 Maternal

hyperglycemia is thought to cause infant hyperinsulinemia, which leads to fat accumulation

in the infant (Pedersen hypothesis).33 The mechanism by which glucose intolerance

increases the risk of preeclampsia is unclear, but given that preeclampsia is a disease of the

endothelium, glucose intolerance may increase the susceptibility of the endothelium to

injury as it does in type 2 diabetes mellitus.34 Likely because gestational diabetes mellitus

and preeclampsia have opposite effects on fetal growth, in our study women with both

conditions had a similar risk of LGA to that of women without either disease. Previous

studies finding an excess risk of LGA in women with preeclampsia have excluded women

with diabetes mellitus from the study population, but did not adjust for glucose intolerance,

an exposure we now know is linked to fetal weight in a linear fashion.10–13 Thus,

confounding by both obesity and glucose intolerance likely contributed to the higher

proportion of large for gestational age infants born to mothers with preeclampsia in other

study populations. Of note, clinicians at the Massachusetts General Hospital and affiliated

health centers use the National Diabetes Data Group31 criteria to diagnose gestational

diabetes mellitus, not the Carpenter-Coustan criteria,31 as was used in this study. Treatment

of GDM may lower rates of LGA and preeclampsia,26–28 thus reducing strength of an

apparent association between these two conditions. Thus, past studies may have found a

stronger association between PE and LGA if criteria for GDM treatment differed from that

in our cohort. We used the glucose loading test result as a continuous measure of glucose

tolerance in multivariate models, rather than the diagnosis of gestational diabetes, in an

attempt to account for the linear relationship between glucose tolerance and infant birth

weight regardless of gestational diabetes diagnosis.

Strengths of our study include the use of clinical data including blood pressure, urine protein

measurements, body mass index, and glucose loading test results. In previous studies, the

use of hospital discharge or registry data may have led to misclassification of preeclampsia

cases, which might have falsely inflated the risk of large for gestational age infants.

Furthermore, the detailed information which we collected on each subject in the cohort

allowed us to adjust for possible confounders. Limitations of the study include the fact that

Powe et al. Page 6

Am J Obstet Gynecol. Author manuscript; available in PMC 2014 July 21.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



in classifying women, we only used blood pressures measured at prenatal visits, rather than

also when women were hospitalized. Therefore we may have missed some cases of

preeclampsia. However, if we had relied on the clinician's diagnosis on the delivery record

we would have found an even lower risk of large for gestational age infants in pregnancies

complicated by preeclampsia (unpublished observations). Thus, we are likely to have

underestimated the magnitude of decreased risk for large for gestational age infants in

women with preeclampsia. Finally, this study was based at a single large tertiary care

hospital; thus the results may not be generalizable to all pregnant women.

In conclusion, among a large, diverse cohort of pregnant women, we found a decreased risk

of large for gestational age infants among women with preeclampsia. Previous studies in

which an excess risk of large for gestational age infants in preeclampsia was reported may

not have adequately adjusted for obesity, glucose tolerance, and other possible confounders

associated with both preeclampsia and large for gestational age infants.10–13 This may have

led to a falsely inflated risk of large for gestational age infants in pregnancies complicated

by preeclampsia. In preeclamptic, nulliparous, non-obese women, without abnormal glucose

testing, the risk of delivering a large for gestational infant was very low, around 5%. Our

data imply that had these women not had preeclampsia, their infants would have been even

larger. The residual risk of large for gestational age infants in preeclampsia is likely due to

both unmeasured and unknown factors including genetic factors which lead to larger birth

weight. Consistent with the prevailing paradigm for its pathogenesis, preeclampsia in our

cohort appears to be an entity characterized by reduced fetal growth.15 Future studies should

determine whether this holds true in other populations.
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Figure 1. Risk of LGA by Obesity, GLT Result, Parity, and Race
Black squares represent the adjusted odds ratio in a given subgroup while lines depict the

95% confidence interval for the adjusted OR. The unadjusted risk of LGA in each subgroup

as well as the adjusted OR and 95% confidence interval are shown in the table to the right.

GLT=Result from the 50g, 1 hour, glucose loading test. ≥140 mg/dL was considered

abnormal.
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Table 1

Characteristics of Subjects with and without Preeclampsia

Control Preeclampsia p-value

N=16991 N=474

First Prenatal Visit

Gestational Age (weeks) 12.8 (4.9) 12.3 (3.9) 0.286

Age (years) 30.9 (5.7) 31.3 (5.9) 0.169

BMI (kg/m2) 25.3 (5.2) 28.4 (6.1) <0.0001*

%Obese 15.4% 33.1% <0.001*

% Nulliparous 48.7% 65.2% <0.001*

% Caucasian 62.8% 59.7% 0.167

% Hispanic 19.9% 25.7%% 0.002*

Systolic Blood Pressure (mmHg) 111 (11.1) 116 (10.5) <0.0001*

Diastolic Blood Pressure (mmHg) 68.5 (8.4) 72.6 (8.2) <0.0001*

% Current Smoker 6.2% 4.4% 0.120

Third Trimester

GLT Result (mg/dl) 115 (28.6) 124 (30.2) <0.0001*

% GDM 3.5% 7.4% 0.001*

Gestational Age (weeks) 39.5 (1.6) 38.1 (2.4) <0.0001*

Birth Weight (g) 3429 (519) 3108 (743) <0.0001*

% LGA 10.1% 8.4% <0.230

% SGA 7.3% 15.0% <0.001*

% NICU Admission 2.7% 12.0% <0.001*

BMI=body mass index; GLT result=glucose loading test result, blood glucose 1 hour after the ingestion of a 50g oral glucose load; %
LGA=percent of women delivering a large for gestational age infant (>90th percentile); % SGA=percent of women delivering a small for
gestational age infant (<10th percentile); %NICU Admission=percent of women delivering an infant who was admitted to the neonatal intensive
care unit
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Table 3

Risk of Abnormal Growth in Women with and without Preeclampsia

% LGA %SGA

Control 10.1% 7.3%

Preeclampsia 8.4% 15.0%

Adjustment OR (95% CI) for LGA OR (95% CI) for SGA

Univariate 0.81 (0.59, 1.14) 2.24 (1.73, 2.91)*

BMI 0.67 (0.48, 0.93)* 2.50 (1.93, 3.25)*

BMI, GLT 0.63 (0.45, 0.88)* 2.64 (2.03, 3.44)*

BMI, GLT, Nulliparity 0.70 (0.50, 0.98)* 2.38 (1.83, 3.10)*

BMI, GLT, DBP at baseline, 0.69 (0.49, 0.96)* 2.46 (1.88, 3.21)*

Race, Smoking, Nulliparity, Age

OR=odds ratio, CI=confidence interval, BMI=body mass index; GLT result=glucose loading test result, blood glucose 1 hour after the ingestion of
a 50g oral glucose load; % LGA=percent of women delivering a large for gestational age infant (>90th percentile); % SGA=percent of women
delivering a small for gestational age infant(<10th percentile); DBP=diastolic blood pressure.

*
Significant at the p<0.05 level.
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