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Adult Weight Change, Weight Cycling, and
Prepregnancy Obesity in Relation to

Risk of Preeclampsia
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Background: Preeclampsia has been shown to be associated with
obesity, with other risk factors for cardiovascular disease, and with
subsequent cardiovascular disease itself. However, the possible associ-
ation with weight gain and weight cycling has not been evaluated.
Methods: In this prospective study of a cohort of 1644 pregnant
women, we assessed adult weight change, intentional weight cy-
cling, and prepregnancy obesity in relation to preeclampsia risk. Net
weight change from age 18 years to the period 3 months before
conception was determined for each participant. Weight cycling was
defined as intentional weight loss and unintentional regain of at least
15 pounds during periods not related to pregnancy or lactation. We
used multivariate regression procedures to calculate risk ratios
(RRs) and 95% confidence intervals (CIs).
Results: Relative to women with stable weight (gained or lost �2.5
kg) women who gained 5.0–9.9 kg experienced a 2.6-fold increased
risk of preeclampsia (95% CI � 1.0–6.7). The corresponding risk
ratio (RR) for women who gained �10 kg was 5.1 (2.2–12.2).
Intentional weight cycling, after controlling for weight at age 18
years, adult weight change, and other risk factors, was not associated
with increased risk of preeclampsia (RR � 1.1; CI � 0.6–1.8). RRs
increased monotonically with increasing prepregnancy body mass
index greater than 19.8 kg/m2. After adjusting for confounders,
the RR for prepregnancy overweight women and obese women were
1.7 (0.6–4.9) and 3.4 (1.5–7.6) respectively.
Conclusions: These results suggest that adult weight gain and
prepregnancy overweight and obesity status are associated with an
increased risk of preeclampsia.

(Epidemiology 2006;17: 428–434)

Preeclampsia is one of the most common medical compli-
cations of pregnancy.1 In the United States, the condition

has been reported to be the second-leading cause of maternal
mortality and is an important cause of preterm delivery, fetal
growth retardation, and perinatal mortality.1 Risk factors and
pathophysiological characteristics of preeclampsia overlap
with those of chronic cardiovascular disorders. For instance,
women with preeclampsia, as compared with their normoten-
sive counterparts, are more likely to be obese,2–4 insulin resis-
tant,5 and dyslipidemic5,6 and to have elevated plasma homo-
cysteine.7,8 Notably, women with preeclampsia, as compared
with their counterparts who had normotensive pregnancies,
appear to experience an increased risk of chronic hyperten-
sion9 and cardiovascular disease later in life.10 In addition,
preeclampsia risk is positively associated with maternal
prepregnancy obesity.11–13

It has been shown that adult weight gain and intentional
weight cycling (ie, the intentional loss and unintentional
regain of weight) are positively associated with systolic and
diastolic blood pressure, insulin resistance, dyslipidemia, and
type 2 diabetes mellitus.14–21 However, the relation between
weight gain and weight cycling during early adult life and
risk of preeclampsia has not been studied. We therefore
examined the association of adult weight gain and intentional
weight cycling with risk of preeclampsia. We also re-exam-
ined the relationship between prepregnancy body mass index
(BMI) and risk of preeclampsia.

METHODS

The Omega Study
The population for the present analysis was drawn from

the participants of the ongoing Omega Study, a prospective
cohort study of maternal dietary and other risk factors of
preeclampsia and gestational diabetes mellitus. Women par-
ticipating in the study attended prenatal care clinics affiliated
with Swedish Medical Center (Seattle) and Tacoma General
Hospital (Tacoma) between December 1996 and September
2002. Women eligible for inclusion were those who initiated
prenatal care before 20 weeks’ gestation, were at least 18
years of age, could speak and read English, planned to carry
the pregnancy to term, and planned to deliver at either of the
2 study hospitals. In the first 18 months of the Omega Study,
only nulliparous women were approached and enrolled; eli-
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gibility criteria were later expanded to include multiparous
women.

Enrolled participants were asked to take part in an
hour-long interview in which trained research personnel used
a structured questionnaire to elicit information regarding
maternal sociodemographic and anthropometric characteris-
tics, lifestyle habits, and medical and reproductive histories.
Participants also completed a 121-item semiquantitative food
frequency questionnaire and provided nonfasting blood and
urine samples. Pregnancy outcome information was ascer-
tained by reviewing participants’ hospital labor and delivery
medical records and clinic records after delivery. The proce-
dures used in this study were approved by the Institutional
Review Boards of Swedish Medical Center and Tacoma
General Hospital. All participants provided written informed
consent.

Analytic Population
During the study period, 2381 eligible women were

approached, and 2000 (84%) agreed to participate. We ex-
cluded from this analysis 120 women who were lost to
follow-up (delivery outcome unknown or medical record not
found). Also excluded were women who experienced an
abortion or fetal demise before 28 weeks of gestation (n �
49), those with pregestational diabetes (n � 21), those with
chronic or essential hypertension (n � 101), and those for
whom information concerning prepregnancy BMI and/or
adult weight gain were missing (n � 65). A cohort of 1644
women remained for analysis.

Preeclampsia
The diagnosis of preeclampsia was made using the then

current American College of Obstetricians and Gynecologists
(ACOG) guidelines.1 These guidelines defined preeclampsia
as sustained pregnancy-induced hypertension with protein-
uria. Hypertension was defined as sustained blood pressure
readings of �140/90 mmHg (with readings taken �6 hours
apart) or with a sustained increase of 15 mmHg diastolic
pressure or 30 mmHg in systolic pressure above first trimester
blood pressure values. ACOG defined proteinuria as urine
protein concentrations of �30 mg/dL (or 1� on a urine
dipstick) on �2 random specimens collected �4 hours apart.
From this cohort, we identified 71 confirmed preeclampsia
cases.

Covariates
Using structured questionnaire, interviewers collected

information on maternal sociodemographic, behavioral, and
medical characteristics. Covariate information included ma-
ternal age, reproductive and medical histories, and medical
histories of first-degree family members. We also collected
information on maternal educational attainment, annual house-
hold income, occupation, prenatal vitamin supplementation
use, and smoking and alcohol consumption before and during
pregnancy. We asked women to report whether they engaged
in regular physical activity in the year before pregnancy and
during early pregnancy. We asked participants to provide
their attained height, weight at 18 years of age, and weight 3
months before the index pregnancy. Participants also pro-

vided information on the number of times they intentionally
lost and unintentionally regained at least 15 pounds (6.8 kg)
during periods not related to pregnancy or lactation. Maternal
age at the time of interview was expressed in years. Parity
was reported as the number of previous pregnancies lasting
beyond 20 weeks gestation. Maternal and infant medical
records were reviewed to collect detailed information con-
cerning antepartum, labor and delivery characteristics, as well
as conditions of the newborn.

Weight Change, Weight Cycling, and Other
Variables

We used BMI (weight �in kg� divided by height �m2�)
as a measure of obesity. BMI was highly correlated with
intra-abdominal (visceral) fat assessed using computed to-
mography in reproductive-aged women participating in an
ancillary study of the Coronary Artery Risk Development in
Young Adults (CARDIA) project.22 BMI was computed for
each woman at 18 years of age and again for the period just
before she became pregnant. For each time period, we cate-
gorized study participants into 4 BMI groups as follows:
�19.8 (lean), 19.8–26 (high normal), 26.1–29 (overweight),
and �29 kg/m2 (obese). Our limited sample size prohibited
finer BMI categorizations, although we did perform analyses
that sought to explore preeclampsia risk in relation to BMI
expressed as a continuous covariate.

We computed net adult weight change from age 18
years to the 3 months before the index pregnancy by sub-
tracting the former from the latter weight. Women were then
divided a priori into 5 groups: weight loss of 2.6 kg or more,
loss or gain of 2.5 kg or less, gain of 2.6–4.9 kg, gain of
5.0–9.9 kg, and gain of 10 kg or more. Women in the second
category (ie, those who lost or gained up to 2.5 kg during the
period of observation) were used as the referent group. These
cut-points were derived after reviewing published reports
concerning adult weight change in relation to the occurrence
of chronic disorders in perimenopausal and postmenopausal
women and before we undertook the present analyses involv-
ing reproductive age women.15–18 Study participants who
reported that they intentionally lost and unintentionally re-
gained 6.8 kg or more during periods not associated with
pregnancy or lactation were classified as weight cyclers.
Weight cyclers were further classified as to the number of
times they lost and regained at least 15 pounds (6.8 kg) when
not pregnant or lactating. The definition of weight cycling
was chosen a priori during questionnaire design phase of the
present study.

Statistical Analysis
We examined the frequency distributions of maternal

sociodemographic characteristics and medical and reproduc-
tive histories according to categories of maternal adult weight
gain. We estimated the association between weight charac-
teristics and risk of preeclampsia using Stata software (ver-
sion 7.0; Stata Corp, College Station, TX). We fitted gener-
alized linear models using a log-link function to derive risk
ratios (RRs) and 95% confidence intervals (CIs).23,24 We also
explored the possibility of a nonlinear relation between
weight characteristics and preeclampsia risk using general-
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ized additive modeling procedures25 in S-PLUS (version 6.1;
Insightful Corp 2002). In multivariate analyses, we evaluated
linear trends in risk by modeling the exposure as a grouped
linear variable with scores (1, 2, 3, 4) assigned to catego-
ries.26 We considered the following covariates as possible
confounders in this analysis: maternal age, race/ethnicity,
marital status, smoking during pregnancy, first-degree family
history of chronic hypertension, participation in leisure time
physical activity before and during pregnancy, prenatal vita-
min use, and annual household income.

To assess confounding, we entered variables into a
generalized linear model one at a time and then compared the
adjusted and unadjusted RRs. Final generalized linear models
included covariates that altered unadjusted RRs by at least
10%, as well as those covariates of a priori interest (eg,
maternal age and parity). Whenever appropriate, we used the
most parsimonious variable specification that achieved the
greatest control of confounding. For example, in our assess-
ment of the association of intentional weight cycling with
preeclampsia risk, to control potential confounding from
prepregnancy BMI, we explored adjustment of prepregnancy
BMI as a continuous variable, as a categorical variable
(�19.8, 19.8–26, 26.1–29, �29 kg/m2) and as a grouped
linear variable in the regression model. The greatest amount
of control for confounding was achieved when BMI was
expressed as a continuous variable.

Women with evidence of pregnancy-induced hyperten-
sion but who did not have proteinuria (ie, nonproteinuric
gestational hypertension) were classified as not having pre-
eclampsia, according to the ACOG definition. We retained
those women in our cohort study analyses after determining
that excluding them led to no meaningful differences in
reported relative risk estimates. Finally, we conducted post-
hoc analyses to examine the relations of maternal adult
weight change, intentional weight cycling, and prepregnancy
BMI with preeclampsia risk as defined using the newer
criteria advocated by the National High Blood Pressure Ed-
ucation Program Working Group on High Blood Pressure in
Pregnancy.27 After excluding 35 proteinuric women with
increases in blood pressure of �30 mmHg systolic or �15
mmHg diastolic above baseline but who did not meet a
minimum threshold of �140 mmHg systolic or �90 mmHg
diastolic after 20 weeks, 46 preeclampsia cases remained for
these post-hoc analyses.

RESULTS
The characteristics of study participants according to

categories of maternal adult weight change are summarized in
Table 1. Overall, participants were primarily white, well-
educated, married, and employed during pregnancy. More
than 96% of participants reported taking multivitamins during
pregnancy. Approximately 29% gained at least 10 kg in the
interval from their 18th year of age to the 3-month period
before the index pregnancy. Notably, 24% of the cohort
maintained their adult weight within 2.5 kg. Women with an
adult weight gain of at least 10 kg were more likely to be
multiparous, older, and overweight, to have a history of
intentional weight cycling, and to have a family history of

hypertension, as compared with women who maintained their
adult weight. Marital status, educational attainment, physical
activity status, smoking status, and maternal race/ethnicity
did not vary appreciably across categories of adult weight
gain.

Women whose BMI at age 18 years classified them as
overweight experienced a 2.1-fold increased risk of pre-
eclampsia as compared with lean women (Table 2). Only
1.6% of the study cohort reported weight and height that
indicated they were obese and just one of these women
developed preeclampsia.

We noted a strong positive relationship between ma-
ternal prepregnancy BMI and risk of preeclampsia (P for
linear trend in risk �0.001; Table 2). Women who were
overweight, as compared with lean women experienced a
1.7-fold (CI � 0.6–4.9) increased risk of preeclampsia.
Obese women experienced a 3.4-fold increased risk of pre-
eclampsia as compared with lean women. When we modeled
maternal prepregnancy BMI as a continuous variable, we
found that every 1 kg/m2 increase in prepregnancy BMI
resulted in an 8% increased risk of preeclampsia (adjusted
RR � 1.08; CI � 1.05–1.11).

Next, we quantified the risk of preeclampsia in relation
to net adult weight change (Table 2). After adjusting for
maternal age, ethnicity/race, parity, educational attainment
and weight at age 18, we noted that, relative to women who
maintained a stable weight, women who gained 5.0–9.9 kg
experienced a 2.6-fold increased risk of preeclampsia (CI �
1.0–6.7). The corresponding RR for women who gained �10
kg was 5.1 (2.2–12.2). Only one preeclampsia case reported
losing more than 2.5 kg during the period of observation.
Modeling maternal net adult weight gain as a continuous
covariate, every 1 kg increase in weight resulted in a
4% increased risk of preeclampsia (adjusted RR � 1.04;
1.02–1.05).

We also studied the risk of preeclampsia in relation to
maternal history of intentional weight cycling (Table 2). Any
history of intentional weight cycling was associated with a
1.5-fold increased risk of preeclampsia. After adjusting for
maternal age, race, parity, BMI at age 18 years, and weight
change since age 18 years, the association was attenuated
(adjusted RR � 1.1; CI � 0.6–1.8). There was no evidence
of a linear relation between the number of intentional weight
cycles and increasing risk of preeclampsia (P for linear
trend � 0.831). Parity and maternal age were not effect
modifiers of reported associations.

Figure 1 shows the effect of a combination of ma-
ternal adult weight change and history of having experi-
enced at least one weight cycling episode on the risk of
preeclampsia. Compared with women who maintained
their adult weight without weight cycling, women who
gained �10 kg and who reported at least one weight
cycling episode experienced a 4.5-fold (CI � 1.8 –11.2)
increased risk of preeclampsia. Women who gained �10
kg but did not report a weight cycling episode experienced
a 2.6-fold (0.9 –7.1) increased risk of preeclampsia as
compared with the reference group.
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When analyses were restricted to those preeclampsia
cases meeting the newer suggested diagnostic criteria,27 the
relations of prepregnancy BMI, BMI at age 18 years, and
adult weight change, with preeclampsia risk were similar in
direction and even more pronounced in magnitude to those
reported previously (data not shown). Even women with a
high normal prepregnancy BMI experienced more than a
doubling in preeclampsia risk as compared with lean women
(RR � 3.2; CI � 0.7–13.4). Obese women experienced a
10.3-fold (2.3–46) increased risk of preeclampsia compared
with the referent group.

DISCUSSION
Our findings concerning the positive association be-

tween maternal prepregnancy adiposity and preeclampsia risk
are in general agreement with previous reports.2–4,11,14,28

Eskenazi et al4 reported that women who had BMI of �18.9
kg/m2, as compared with women with BMI 18.9–25.8 kg/m2,
experienced an almost 60% reduction in risk of preeclampsia.
These observations were corroborated by Richardson and
Baird28 who reported that the frequency of preeclampsia
increased with each successive category of BMI among white
and African American women. For each category (�20.0,
20.0–22.5, 22.6–24.9, and �25 kg/m2) they reported that the
frequency of preeclampsia among white women was 0.6%,
1.9%, 2.8%, and 9.4%, respectively, and among African-
American women was 2.0%, 2.3%, 2.2%, and 7.6%. Taken
together, these results2–4,11,12,14,28 strongly implicate mater-
nal prepregnancy obesity as a consistent and strong risk factor
for preeclampsia.

Our observations extend the existing literature by sug-
gesting an association between being overweight at age 18

TABLE 1. Selected Characteristics of the Study Cohort According to Categories of Adult Weight Change, Seattle and
Tacoma, Washington, 1996–2002 (n � 1644)

Characteristics

Categories of Adult Weight Change (kg)

<�2.6
(n � 120)

%

�2.5 to 2.5
(n � 389)

%

2.5 to 5.0
(n � 257)

%

5.0 to 9.9
(n � 401)

%

>10.0
(n � 477)

%

Maternal age (years)

�20 0.8 2.3 0.4 0.0 0.2

20–34 77.5 74.6 71.2 71.1 64.8

35–39 20.8 19.8 23.0 23.9 26.8

�40 0.8 3.3 5.5 5.0 8.0

Maternal race/ethnicity

White 82.5 84.6 88.7 85.8 83.3

African American 0.8 2.3 0.0 2.0 2.7

Asian 10.0 9.5 6.2 6.5 6.5

Other 6.7 3.6 5.1 5.8 7.4

Nulliparous 65.0 67.9 71.2 70.6 63.9

First-degree family history of hypertension 50.8 44.5 51.4 49.4 52.4

Physical activity in year before pregnancy 92.3 91.7 91.4 94.3 89.7

Physical activity during pregnancy 86.7 84.6 82.5 81.8 82.4

Employed during pregnancy 80.0 81.0 84.8 83.8 82.8

Married 93.3 87.4 89.1 92.2 90.4

�12 yr of education 4.3 5.0 4.0 4.6 4.7

No prenatal vitamin use 2.5 2.8 1.6 1.8 3.8

Smoked during pregnancy 9.2 5.9 4.3 5.3 8.4

Annual household income (U.S.$)

�30,000 5.8 6.4 2.3 3.5 4.0

30,000–69,999 24.2 18.0 22.2 24.7 29.8

�70,000 65.8 72.2 72.4 69.3 64.6

Not reported 4.2 3.3 3.1 2.5 1.7

Prepregnancy BMI (kg/m2)

�19.8 (lean) 40.0 42.5 20.2 8.2 0.6

19.8–26.0 (high normal) 57.9 53.8 76.4 86.3 58.1

26.1–29.0 (overweight) 1.3 1.9 1.9 2.7 20.2

�29.0 (obese) 1.3 1.9 1.4 2.7 21.1

Ever intentional weight cycled

No 77.4 73.6 80.8 68.6 46.0

Yes 22.6 26.4 19.2 31.4 54.0
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years and subsequent risk of preeclampsia. We also document
relations with adult weight gain. After adjusting for con-
founders, intentional weight cycling was not an independent
risk factor for preeclampsia. We know of no previously pub-
lished reports that have examined the risk of preeclampsia in
relation to maternal net weight change and intentional weight
cycling during the reproductive years. Our results are consistent,
however, with a relatively large body of literature that docu-
ments adverse health outcomes (including hypertension, dyslip-
idemia, insulin resistance, type 2 diabetes mellitus, and cardio-
vascular disease) associated with adult weight gain and
intentional weight cycling15–20 in nonpregnant women and men.

In this present study, the high follow-up rate minimized
the likelihood of selection bias. Prospective collection of
weight and weight gain information (before preeclampsia was
diagnosed) also served to attenuate concerns about systematic

errors in recall of the exposures of interest. Nevertheless,
several limitations of the present study merit discussion. First,
errors in reporting of anthropometric characteristics are likely
to have occurred. Weights reported by participants in other
studies, however, have been shown to be valid.29,30 Troy et
al30 reported that women’s self-reported recalled weight at 18
years was highly correlated (r � 0.87) with weight at ages
17–21 years abstracted from nursing school records. Because
of the prospective nature of our study, any misclassification
of weight characteristics is likely to be nondifferential with
regard to pregnancy outcome, thus biasing the risk estimates
to the null. Second, although we adjusted for several known
and suspected confounders, we cannot exclude the possibility
of residual confounding. Third, small numbers impeded some
aspects of this analysis. Estimated effect measures were
imprecise, as reflected by their relatively wide 95% CIs. The

TABLE 2. Association of Body Mass Index, Adult Weight Change and Intentional Weight Cycling
With Preeclampsia

Measurement No. of Cases No. of Women
Unadjusted

RR (95% CI)
Adjusted

RR (95% CI)

BMI (kg/m2) age 18 years

�19.8 (lean) 33 762 1.0 1.0*

19.8–26.0 (high normal) 34 825 0.9 (0.6–1.5) 0.9 (0.6–1.6)

26.1–29.0 (overweight) 3 31 2.2 (0.7–7.3) 2.1 (0.6–7.0)

�29.0 (obese) 1 26 0.9 (0.1–6.5) 0.6 (0.1–4.6)

P for trend 0.80 0.99

Prepregnancy

�19.8 (lean) 11 296 1.0 1.0*

19.8–26.0 (high normal) 36 1078 0.9 (0.5–1.8) 1.0 (0.5–2.2)

26.1–29.0 (overweight) 6 241 1.5 (0.5–4.0) 1.7 (0.6–4.9)

�29.0 (obese) 18 161 3.0 (1.4–6.4) 3.4 (1.5–7.6)

P for trend �0.001 �0.001

Weight change from age 18
years to prepregnancy (kg)

��2.6 1 120 0.5 (0.7–4.9) 0.6† (0.7–4.7)

�2.5 to �2.5 6 389 1.0 1.0

2.6–4.9 9 257 2.3 (0.8–6.4) 2.1 (0.7–5.9)

5.0–9.9 18 401 2.9 (1.2–7.3) 2.6 (1.0–6.7)

�10.0 37 477 5.1 (2.1–11.9) 5.1 (2.2–12.2)

P for trend �0.001 �0.001

Intentional weight cycling

No 40 1083 1.0 1.0‡

Yes 31 559 1.5 (0.9–2.4) 1.1 (0.6–1.8)

Missing 0 2

No. cycles

0 40 1083 1.0‡ 1.0‡

1 11 272 1.1 (0.6–2.1) 1.0 (0.5–2.0)

2 9 143 1.7 (0.8–3.5) 1.3 (0.6–2.8)

3� 11 144 2.1 (1.1–4.0) 1.0 (0.4–2.3)

Missing 0 2

P for trend �0.020 0.831

*These sets of results adjusted for maternal age, ethnicity/race, parity, and educational attainment.
†These sets of results adjusted for maternal age, ethnicity/race, parity, educational attainment, and weight at age 18 years.
‡These sets of results adjusted for maternal age, ethnicity/race, parity, BMI at age 18, and weight change since age 18 years.
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small sample size prevented us from examining varying
degrees of preeclampsia severity according to maternal
weight characteristics. Fourth, indices of maternal adiposity,
weight change and weight cycling are strongly related to each
other. Despite careful multivariable statistical modeling, we
cannot exclude the possibility of residual confounding, and
we acknowledge that we may not have been able to fully
isolate the influence of each characteristic on preeclampsia
risk. Larger studies that can accommodate statistically inef-
ficient approaches, such as stratified analyses, may overcome
concerns about possible residual confounding; such studies
would help to further quantify the independent effects of
adolescent and prepregnancy adiposity, adult weight chang-
ing and weight cycling on preeclampsia risk. Lastly, the
cohort consisted primarily of white, well-educated women
from the Pacific Northwest. Therefore, the generalizability of
results may be limited. These inferences will be strengthened
if our findings are corroborated in studies conducted in other
populations across the United States and elsewhere.

The findings from our study are biologically plausible.
Although preeclampsia is clinically characterized by maternal
high blood pressure and proteinuria, women with the disorder
also experience physiological disturbances, including dyslip-
idemia,5 oxidative stress,31 insulin resistance,5 sympathetic
nervous system over-reactivity,32 increased vascular resis-
tance,33 and chronic inflammation.34 We are not aware of
published clinical or experimental data concerning biologic
relations of indices of maternal adiposity, weight gain or
weight cycling with insulin resistance and blood pressure
control in pregnancy. However, adult weight gain, weight
cycling, and obesity have profound effects on a multitude of
physiological functions, and these effects may conceivably
mediate the risk of preeclampsia via several biologic path-

ways. First, obese women have been shown to have increased
blood volume and cardiac output.35 Investigators have pos-
tulated that pregnancy-induced hemodynamic alterations cou-
pled with increased oxygen consumption secondary to ma-
ternal obesity predispose women to increased cardiac output,
endothelial injury, and preeclampsia.5,14 Second, investiga-
tors have speculated that a positive association between
obesity and hypertension may be explained within the axis of
impaired glucose tolerance, insulin resistance, and hyperin-
sulinemia.35,36 Third, other investigators have hypothesized
that insulin resistance and hyperinsulinemia, which are prev-
alent among obese individuals, may contribute to increased
tubular sodium reabsorption, increased sympathetic nerve
activity and hypertension.16 Fourth, investigators have spec-
ulated that dyslipidemia, likely to be more frequent among
obese pregnant women,14,28 may contribute to the pathophys-
iology of preeclampsia.

Knopp and colleagues37 have shown that BMI is posi-
tively correlated with plasma triglycerides in pregnant women.
Hyperlipidemia, associated with maternal obesity, may predis-
pose subjects to increased oxidative stress that may lead to
diffuse endothelial dysfunction and an imbalance of the synthe-
sis of vasoactive compounds including thromboxane and pros-
tacyclin. Excessive lipid peroxidation, endothelial cell dysfunc-
tion, and altered thromboxane and prostacyclin biosynthesis
frequently are observed in women with preeclampsia, as com-
pared with normotensive pregnant women.5,38–40 Metabolic
studies are needed to elucidate endocrine and other biologic
mechanisms for the observed associations between maternal
obesity, adult weight gain, weight cycling and preeclampsia risk.
Furthermore, prospective studies that allow for the evaluation of
preeclampsia risk in relation to maternal prepregnancy fat dis-
tribution may also add greater specificity to the associations
observed in our study.

The associations between preeclampsia and maternal
obesity observed here and elsewhere2–4,12,14,28 are of similar
or greater magnitude to associations reported previously be-
tween preeclampsia and other factors such as chronic hyper-
tension, antiphospholipid syndrome, diabetes mellitus and
nulliparity1,3 Given the strength and consistency of the asso-
ciation between maternal obesity and preeclampsia risk, it is
reasonable to speculate that the worldwide increase in obesity
will likely be coupled with considerable increases in the
occurrence of preeclampsia. Since the mid-1990s, consider-
able evidence has accumulated to implicate adult weight gain,
even modest weight gain, and intentional weight cycling in
the development of hypertension, type 2 diabetes mellitus,
and other chronic disorders.14–21 These studies have not
focused on reproductive-aged women, and none evaluated the
impact of adult weight patterns on reproductive health.

We found that women who gained �10 kg greater than
their weight at age 18 years experienced a 5.1-fold increased
risk of developing preeclampsia when compared with their
counterparts who maintained their weight. Further, we found
that the association between adult weight gain and pre-
eclampsia risk appeared to be strongest among women with a
history of weight cycling. If confirmed, our results may call
attention to the need to consider reproductive health out-

FIGURE 1. Log risk ratio of preeclampsia in relation to adult
weight change and history of intentional weight cycling: ex-
ploration of potential effect modification. The referent group
comprises women who gained or lost less than 2.5 kg with no
weight cycling. White bars indicate no cycling, and black bars
indicate any cycling. Asterisk indicates inestimable coefficient
due to zero cases.
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comes when establishing guidelines for adult weight gain.
Our results may also motivate the development and promo-
tion of public health campaigns that target young adults who
may be more attuned to making healthful behavioral changes
that can positively impact their reproductive outcomes and
long-term health.
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