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Abstract

Objective—To examine prepregnancy cardiometabolic and inflammatory markers and

subsequent risk of hypertensive disorders of pregnancy.

Study Design—A retrospective cohort study of 3,380 women who took part in a comprehensive

multiphasic health checkup (MHC) exam between 1984 and 1996 and had a subsequent delivery

in Kaiser Permanente Northern California.

Results—205 women were diagnosed with a hypertensive disorder of pregnancy. Prepregnancy

measurements of overweight/obesity (BMI ≥ 25.0 kg/m2), pre-hypertension and inflammation

(leukocytes ≥ 7.2 103/µL) were independently associated with hypertensive disorder of pregnancy

risk [odds ratios (95% confidence intervals): 1.6 (1.2–2.3), 2.1(1.5–2.8) and 1.6 (1.1–2.3),

respectively]. Being overweight/obese and having pre-hypertension before pregnancy was

associated with a 3.5-fold increased risk of hypertensive disorder of pregnancy compared with

women with normal levels of both risk factors.

Conclusion—Prepregnancy cardiometabolic and inflammation risk profile may help clinicians

identify high risk women to target for early intervention or management of hypertensive disorder

of pregnancy.
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Introduction

Preeclampsia is a multisystem complication that is characterized by systemic maternal

inflammation, endothelial dysfunction and insulin resistance in pregnancy; it is diagnosed by

new-onset hypertension and proteinuria after 20 weeks’ gestation.1 Preeclampsia and other

hypertensive disorders of pregnancy are the leading contributors to perinatal morbidity and

mortality worldwide.2 The second half of normal pregnancy is characterized by a

progressive state of insulin resistance, hyperinsulinemia, hyperlipidemia, and increasing

inflammatory markers, and it has been suggested that these responses may be exaggerated in

women who develop hypertensive disorder of pregnancy.3

Women with a history of hypertensive disorder of pregnancy (including preeclampsia)

appear to have a more than 2-fold increased risk of cardiovascular and metabolic diseases

later in life.4 Preeclampsia and cardiovascular disease have several common underlying risk

factors, including obesity, insulin resistance, dyslipidemia, endothelial dysfunction and

inflammation. 4 However, it is unclear whether women who develop pregnancy induced

hypertension and/or preeclampsia have altered levels of cardiometabolic and inflammatory

markers before pregnancy or whether the conditions arise due to disturbances induced by the

pregnancy itself. A better understanding of prepregnancy predictors of hypertensive

disorders in pregnancy may increase our understanding of the underlying etiology and

enable the identification of women at high risk to target for early intervention or prevention

strategies.

We examined the association between prepregnancy cardiometabolic and inflammation risk

factors (i.e. serum glucose, total cholesterol, blood pressure, BMI and leukocytes) alone or

in combination, and subsequent risk of hypertensive disorders of pregnancy, using a multi-

ethnic cohort of women who took part in a multiphasic health checkup (MHC) exam in

1984–1996 and had a subsequent pregnancy at Kaiser Permanente Northern California

(KPNC).

Materials and Methods

Study population

KPNC is an integrated health care delivery system providing medical care for about one

third of the commercially insured in the San Francisco Bay Area. KPNC subscribers are

representative of the region.5

The source population consisted of female KPNC members who attended a voluntary

comprehensive Multiphasic Health Checkup (MHC) at the Kaiser Permanente Oakland

Medical Center between 1984 and 1996. KPNC members at this facility were invited to

participate upon enrollment. The MHC consisted of a clinic visit for completion of

questionnaires and clinical measurements of blood pressure, weight, height and serum

random glucose, cholesterol, and leukocytes, with the goal of providing health maintenance

through early diagnosis.6 Measurements of serum glucose assessed using the hexokinase

method, and total cholesterol assessed using a Kodak Ektachem Chemistry analyzer, were

performed by the regional laboratory of KPNC. This laboratory participates in the College
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of American Pathologists' accreditation and monitoring program. Body mass index (BMI)

was calculated using standard methods from height measured using a stadiometer and

weight using a balance beam scale. Information on age, sex, race/ethnicity, education level,

cigarette smoking, alcohol consumption, coffee consumption, and use of medications was

collected using self-administered questionnaires previously described.6

Among women of reproductive age (18–45 years old) who participated in the MHC from

1985–1996, we identified all women who subsequently delivered up to 2009 by searching

the KPNC Pregnancy Glucose Tolerance Registry.7 This is an active surveillance registry

that annually identifies among KPNC members all pregnancies resulting in a livebirth or

stillbirth (available since 1991). We selected the first pregnancy and latest serum with

complete data for pregravid measurements of interest. When data from more than one MHC

visit were available, data from the visit prior to but closest to the index pregnancy were used

in the analysis. We excluded women from the study cohort who reported a history of

hypertension at the time of the MHC visit (n=237) and who had a diagnosis of hypertension

after the MHC visit but before the index pregnancy (n=202) and an additional 95 who had a

pregnancy complicated by essential hypertension (ICD-9 code 642.0), hypertension

secondary to a chronic underlying condition (ICD-9 codes 642.1–642.2), pre-eclampsia or

eclampsia superimposed on pre-existing hypertension (ICD-9 code 642.7) and unspecified

hypertension of pregnancy (ICD-9 code 642.9).

Ascertainment of pregnancy hypertensive disorders

We identified a total of 205 women with a hypertensive disorder of pregnancy. Of these, 80

had gestational hypertension according to ICD-9 code 642.3, 106 had preeclampsia or

eclampsia according to ICD-9 codes 642.4–642.7, and 19 had codes indicative of both. To

assess the accuracy of the electronic diagnosis codes, we had medical chart review data on a

subset of 171 women from the study cohort. Our chart review included 11 women with a

diagnosis code for gestational hypertension (ICD-9 code 642.3) and 16 women with a

diagnosis code for preeclampsia (ICD-9 code 642.4 or 642.5), and the agreement between

the electronic diagnosis and the chart review data was 93.8% for preeclampsia and 90.9%

for gestational hypertension. The women who did not meet the criteria for gestational

hypertension or preeclampsia had two borderline elevated blood pressures with systolic

blood pressures of 130 mm Hg or higher. Of the 144 women who we identified as not

having a hypertensive disorder of pregnancy, we found 4 (2.8%) had preeclampsia or

gestational hypertension according to medical chart review.

Prepregnancy cardiometabolic and inflammation risk factors

Serum glucose, total cholesterol, leukocyte count, diastolic and systolic blood pressure were

first categorized into tertiles. In addition, women were categorized according to clinically

relevant adverse levels of cardiometabolic risk factors: Overweight/obesity: A BMI ≥ 25

kg/m2 according to the WHO classification of overweight/obesity 8 Pre-hypertension:

Systolic blood pressure greater than 120 mm Hg and/or diastolic blood pressure at least 80

mm Hg for diastolic according to the Seventh Report of the Joint National Committee on

Prevention, Detection, Evaluation, and Treatment of High Blood Pressure guidelines 9;

Hypercholesterolemia: A serum total cholesterol ≥ 200 mg/dl, which, according to the
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National Cholesterol Education Program{ref}, is above the desirable range 10; Mild

Hyperglycemia: A prepregnancy random serum glucose ≥ 100 mg/dl but < 200 mg/dl. 53%

of women had fasting hyperglycemia (at least a 6 hour fast) and 47% had a random glucose

test. We used the cut-off of 100 mg/dl recommended by the American Diabetes Association

(ADA) to define impaired fasting glucose given that the 100 mg/dl cut point represented the

95th percentile for our study population due to the young age of our population and we

would have had a low prevalence of the risk factor if more stringent criteria were applied.

Mild Subclinical Inflammation: A leukocyte count in the highest tertile among the controls

was considered mild subclinical inflammation since there is no standard definition based on

leukocyte count.

Statistics

Unconditional logistic regression was used to first obtain odds ratios (ORs) as estimates of

the relative risk of hypertensive disorder of pregnancy in relation to each individual

cardiometabolic and inflammation risk factor separately. We then examined a multivariable

model containing all the clinically relevant cardiometabolic and inflammation risk factors

defined above to identify independent cardiometabolic predictors of hypertensive disorder of

pregnancy. We also looked at associations between increasing number of prepregnancy risk

factors and hypertensive disorder of pregnancy. To assess confounding, we entered

covariates into logistic regression models one at a time and then compared the adjusted and

unadjusted odds ratios. The final adjusted logistic regression models included covariates that

altered unadjusted odds ratios by at least 10% for at least one cardiometabolic or

inflammation risk factor. Variables evaluated for confounding were: race/ethnicity,

prepregnancy BMI (kg/m2) (except for the model with obesity), parity, maternal education

in years, alcohol consumption, cigarette smoking, caffeine consumption and 1st degree

family history of hypertension. Sensitivity analyses were conducted by restricting to women

with preeclampsia to see if the association varied by severity of disease. Given that we were

unable to control for history of preeclampsia, we conducted a sensitivity analysis examining

cardiometabolic and inflammation risk factors in relation to hypertensive disorder of

pregnancy, restricting to nulliparous women to assess if associations were similar among

women without a prior hypertensive disorder of pregnancy.

Heterogeneity in associations by time since MHC exam (< 3, 3–5, 6–9, 10–13, and ≥ 14

years) was assessed by inclusion of appropriate cross-product (interaction) terms in

regression models. This study was approved by the human subjects committee of the Kaiser

Foundation Research Institute.

Results

On average, the MHC exam assessing prepregnancy risk factors was performed 4.6 years

before delivery (S.D. ± 3.7, range 1–20 years). Characteristics of the study cohort by

increasing number of cardiometabolic and inflammation risk factors at baseline are

presented in Table 1. Women with more risk factors were slightly older, less likely to be

nulliparous, had fewer years of education and were more likely to be African American or

Hispanic, to be a currently smoker and to have a family history of hypertension. Women
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with more risk factors also had higher levels of BMI, glucose, cholesterol, systolic and

diastolic blood pressure and leukocyte count. Table 2 first presents data from separate

logistic regression models for each individual prepregnancy cardiometabolic and

inflammation risk factor. After adjusting for year of serum, age at delivery, years between

serum collection and pregnancy, race/ethnicity, body mass index, maternal education, family

history of hypertension, parity, smoking status, alcohol and coffee intake during the year

before the exam, compared with women in the first tertile, women in the third tertile had a

risk of hypertensive disorder of pregnancy that was 2.6-fold higher for diastolic blood

pressure and 2.7-fold higher for systolic blood pressure (ORs: 2.6 (1.8–12.6) and 2.7 (1.7–

4.0), respectively). Women in the highest tertile of prepregnancy leukocyte count were 50%

more likely to develop a hypertensive disorder in pregnancy after multivariable adjustment

(OR: 1.5, 95% CI: 1.0–2.3). Compared with women who were normal weight at the baseline

exam, women who were overweight or obese were approximately 2 times as likely to

develop a hypertensive disorder during pregnancy [ORs: 1.8 (95% CIs:1.3–2.6) and 2.2

(95% CIs: 1.4–3.4), respectively]. Pre-pregnancy glucose and cholesterol levels were not

associated with subsequent risk of hypertensive disorders of pregnancy.

A fully adjusted single multivariate model containing all pregravid cardiometabolic and

inflammatory risk factors found that prepregnancy prehypertension (SBP>120 or DBP>80),

overweight/obesity (BMI ≥ 25 kg/m2) and high leukocyte count (≥ 7.2 counts per 103) were

all independently associated with increased risk of hypertensive disorder of pregnancy (ORs

2.1 [95% CI: 1.5–2.8], 1.6 [95% CI: 1.2–2.3], and 1.6 [95% CI: 1.1–2.3], respectively)

(Table 2). There was some suggestion that hyperglycemia was also associated with a 30%

increased risk of hypertensive disorder of pregnancy, although this finding did not reach

statistical significance. There was no association with hypercholesterolemia. The risk of

hypertensive disorder of pregnancy increased with the number of adverse prepregnancy

cardiometabolic risk factors, and women with 3 or more risk factors had an almost four-fold

increased risk of gestational diabetes mellitus (GDM) compared with women with no risk

factors (p-trend <0.001) (Figure 1).

The independent and joint effects of adverse levels of blood pressure and BMI, the two

strongest predictors of hypertensive disorder of pregnancy, are reported in Figure 2.

Compared to women with prepregnancy BMI < 25 kg/m2 and normal blood pressure

(SBP<120 and DBP<80), having a BMI ≥ 25 kg/m2 alone was associated with a 80%

increased risk, having prehypertension/hypertension alone was associated with a 2.3-fold

increased risk, and having adverse levels of both BMI and blood pressure was associated

with a 3.5-fold increased risk of hypertensive disorder of pregnancy (p-trend<0.001).

There was evidence that the association between overweight/obesity and preeclampsia risk

varied by time since exam. The odds ratios for overweight/obesity increased with longer

time since MHC exam from 2.7 (95% CI: 1.4–5.2) for 6–9 years since exam, 3.7 (95% CI:

1.6–8.4) for 10–13 years since exam, and 5.7 (95% CI: 1.7–19.5) for 14+ years since exam

(overall p-value = 0.04).
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In sub-analyses restricted to preeclampsia and eclampsia cases (ICD-9 codes 642.4–642.6),

results were similar (data not shown). Results were also similar for the sensitivity analysis

restricting to nulliparous women (data not shown).

Comment

In this study, adverse levels of cardiometabolic and inflammation risk factors assessed on

average 5 years before pregnancy were associated with an increased risk of subsequent

hypertensive disorder of pregnancy. Prepregnancy prehypertension, overweight/obesity and

elevated leukocytes (a marker of inflammation) were independently associated with

increased risk of hypertensive disorder of pregnancy. In a multivariate model, prepregnancy

prehypertension (SBP>120 or DBP>80) was the strongest predictor of subsequent

hypertensive disorder of pregnancy. Women who were both overweight and had

prehypertension at the clinical exam performed five years before pregnancy had a 3.5-fold

increased risk of hypertensive disorder of pregnancy compared with women with neither

risk factor. There was also a trend of increasing risk of hypertensive disorder of pregnancy

with increasing number of cardiometabolic risk factors present before pregnancy, and

women with 3 or more risk factors had a 3.6-fold increased risk of GDM.

Data with prospective measurements of cardiovascular disease and inflammation risk factors

and subsequent information on pregnancy outcomes are sparse. Our results are generally

consistent with previous studies that examined individual prepregnancy components of

metabolic risk and preeclampsia. Studies have found that prepregnancy obesity and chronic

hypertension individually are associated with subsequent preeclampsia. 9;11–14 Our findings

are generally consistent with one prior study that examined prepregnancy cardiovascular risk

factors as predictors of preeclampsia in Norway.11 The Norwegian study found that systolic

blood pressure above 121 mmHg and diastolic blood pressure above 71 mmHg were both

associated with a four-fold increased risk of preeclampsia, and a BMI greater than 27.08 was

associated with an almost twofold increased risk. In addition, their study also found

prepregnancy serum levels of triglycerides, cholesterol and LDL-cholesterol were all

associated with increased risk of preeclampsia, whereas no association was observed with

prepregnancy glucose and HDL. This study did not examine markers of inflammation. The

lack of association between prepregnancy hypercholesterolemia and hypertensive disorder

of pregnancy observed in our study may be due to the fact that we lacked information on

type of cholesterol (HDL versus LDL).

To our knowledge, no other study has examined the association between prepregnancy

leukocyte count and risk of pregnancy hypertensive disorders. Data from the Kaiser

Permanente MHC were the first to show that inflammation as measured by high leukocytes

is predictive of hypertension and myocardial infarction.15;16 While the potential mechanism

underlying this potential association is unclear, it has been shown that increased adiposity

leads to increased circulating levels of basal interleukin (IL)-6 secretion, 17;18 and the acute

phase response that is stimulated by IL-6 19 includes increased leukocyte counts and

decreased insulin sensitivity.20 Wolf et al found in a prospective cohort that women with

leukocyte counts from 7.9–9.0 103/mm3 during the first trimester of pregnancy had a two-

fold increased risk of GDM compared with women with leukocyte counts below 7.9,
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independent of BMI, and there was a trend of increasing risk of GDM with increasing

quartile of leukocytes. 21 Women with gestational hypertension and/or preeclampsia are

50% more likely to develop GDM, suggesting that the two disorders may have some

common underlying pathophysiology.22 There is also evidence from outside of pregnancy

that elevated leukocyte counts within the normal range are associated with metabolic

disorders in women. The Women’s Health Initiative Observational Study, a cohort study of

72 242 postmenopausal women, found that leukocyte count was an independent predictor of

cardiovascular events, stroke, and all-cause mortality, and a leukocyte count of greater than

6.7 103/mm3 was the threshold of elevated risk, after adjusting for other known

cardiovascular risk factors. 23 While our findings suggest that slightly elevated leukocyte

counts (7.8 103/mm3 and higher) may be modestly associated with the development of

pregnancy induced hypertensive disorder, we recognize that leukocyte count is a relatively

nonspecific marker of inflammation that is influenced by several factors, including infection

and certain medications. 24 Future studies with more precise measurements of prepregnancy

subclinical inflammation such as high sensitivity c-reactive protein (CRP) are needed.

A systematic review and meta-analysis found that women with a history of preeclampsia/

eclampsia had a more than two-fold increased risk of cardiac disease, as well as an increased

risk of cerebrovascular disease, peripheral arterial disease, and cardiovascular mortality. 25

The potential mechanisms linking hypertensive disorders in pregnancy with future

cardiovascular disease are not well understood. These conditions appear to share common

underlying etiologies such as obesity, dyslipidemia, insulin resistance and endothethlial

dysfunction.11–13 Our study had the unique ability to assess risk factors before pregnancy,

and we found that many women who subsequently develop hypertensive disorders of

pregnancy actually have underlying cardiometabolic and inflammatory risk factors even

before pregnancy. However, despite the fact that adverse cardiometabolic and inflammatory

risk profiles were associated with subsequent hypertensive disorder of pregnancy, 27.8% of

women who developed a hypertensive disorder in pregnancy had no cardiometabolic or

inflammatory risk factors before pregnancy. These data suggest that perhaps there are other

prepregnancy biomarkers that may play a role predicting who will develop hypertensive

disorders of pregnancy, or there are additional factors during pregnancy which influence the

development of these disorders.

We found evidence that the association between BMI measured at the time of the MHC

exam and risk of preeclampsia was stronger among women who had a longer duration of

time between the MHC exam and the index pregnancy. It is likely that most women who

were overweight/obese at the time of the exam remained overweight/obese until the index

pregnancy. Therefore, women with a longer duration of being overweight/obese likely had

an increased state of insulin resistance at the time of the index pregnancy, which resulted in

their elevated risk of preeclampsia being stronger compared to women whose exam was

closer to the index pregnancy and therefore whose duration of being overweight/obese may

have been shorter. Unfortunately, we did not have information on body mass index and

covariate data at the time of the index pregnancy to examine whether these factors changed

over time.
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This study had the unique ability to assess the association between cardiometabolic and

inflammatory risk factors measured before pregnancy and subsequent risk of preeclampsia

in a multi-ethnic population. However, several limitations of the present study merit

consideration. There was variation in the time interval between the MHC exam and the

subsequent pregnancy; however, we controlled for this in our analysis and also examined

effect modification by time since MHC exam to help clarify any variations in associations

with time. We were missing data on a relatively large percentage of some potential

confounders (especially parity and family history of hypertension), and we had a relatively

small number of women with hypertensive disorder of pregnancy. We did not have fasting

measures of glucose and total cholesterol and we were not able to use the standard definition

of the “metabolic syndrome” given the lack of information on HDL-cholesterol,

triglycerides and waist circumference. However, BMI, random glucose, cholesterol and

blood pressure are common and inexpensive clinical measures that may be readily available

in medical charts and could be useful in identifying women at risk of hypertensive disorder

of pregnancy. We did not have a very specific measurement of subclinical inflammation,

such as high sensitivity CRP.

We found that the presence of cardiometabolic risk factors and high leukocyte count before

pregnancy increases the risk of developing preeclampsia and may help identify women at

high risk for preeclampsia, to target for early intervention or possibly prevention strategies.

Clinicians should be aware that patients with an increasing number of cardiometabolic and

inflammation risk factors (especially overweight patients with higher blood pressure and

leukocyte counts) before pregnancy may be at particularly high risk of developing

hypertensive disorder of pregnancy and might benefit from early intervention to prevent the

development of hypertensive disorders of pregnancy. More information is needed to develop

prevention strategies.
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Figure 1.
Odds ratios and 95% confidence intervals for hypertensive disorder of pregnancy associated

with number of prepregnancy cardiometabolic and inflammatory risk factors.
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Figure 2.
Odds ratios and 95% confidence intervals for hypertensive disorder of pregnancy associated

with prepregnancy body mass index and blood pressure levels.
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Table 2

Pregravid cardiometabolic risk factors and hypertensive disorders of pregnancy

Odds ratio (95% CI)

Pregravid risk factor Cases, n %)* Comparison
Group, n(%)†

Minimally
adjusted‡

Multivariable
adjusted§

Separate logistic regression models

  Random glucose, mg/dL

    < 81 71 (34.6) 982 (30.9) 1.0 1.0

    81–86 63 (30.7) 1,000 (31.5) 1.0 (0.7–1.4) 1.0 (0.7–1.4)

    ≥ 87 71 (34.6) 1,193 (37.6) 1.0 (0.7–1.4) 0.9 (0.6–1.3)

  Total cholesterol, mg/dL

    < 160 60 (29.3) 1,040 (32.8) 1.0 1.0

    160–187 78 (38.0) 1,064 (33.5) 1.3 (0.9–1.9) 1.2 (0.8–1.7)

    ≥ 188 67 (32.7) 1,071 (33.7) 1.1 (0.8–1.7) 1.0 (0.7–1.5)

  Diastolic blood pressure, mm Hg

    < 63 40 (19.5) 1,011 (31.8) 1.0 1.0

    63–70 55 (26.8) 1,118 (35.2) 1.3 (0.9–2.0) 1.3 (0.8–2.0)

    ≥ 71 110 (53.7) 1,046 (32.9) 2.9 (2.0–4.3) 2.6 (1.8–3.9)

  Systolic blood pressure, mm Hg

    < 107 38 (18.5) 1,071 (33.7) 1.0 1.0

    107–117 65 (31.7) 1,039 (32.7) 1.9 (1.2–2.8) 1.7 (1.1–2.6)

    ≥ 118 102 (49.8) 1,065 (33.5) 3.2 (2.1–4.8) 2.7 (1.7–4.0)

  Body mass index, kg/m2

    < 25.0 124 (60.5) 2,348 (74.0) 1.0 1.0

    25.0–29.9 50 (24.4) 536 (16.9) 1.8 (1.3–2.6) 1.8 (1.3–2.6)

    ≥ 30.0 31 (15.1) 291 (9.2) 2.1 (1.3–3.3) 2.2 (1.4–3.4)

  White blood cell count, 103/μL

    <5.6 49 (23.9) 983 (31.0) 1.0 1.0

    5.6–7.1 70 (34.1) 1,127 (35.5) 1.2 (0.8–1.8) 1.2 (0.8–1.7)

    ≥ 7.2 86 (42.0) 1,065 (33.5) 1.7 (1.2–2.4) 1.5 (1.0–2.3)

Single multivariate model

  Hyperglycemia (random glucose mg/dL)

    < 100 193 (94.1) 3,306 (95.6) 1.0 1.0

    ≥ 100 12 (5.9) 139 (4.4) 1.3 (0.7–2.4) 1.3 (0.7–2.4)

  Hypercholesterolemia (total cholesterol mg/dL)

    <200 159 (77.6) 2,459 (77.4) 1.0 1.0

    ≥ 200 46 (22.4) 716 (22.6) 0.9 (0.6–1.3) 0.9 (0.6–1.3)

  Blood pressure

    Normal║ 98 (47.8) 2,123 (66.9) 1.0 1.0
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Odds ratio (95% CI)

Pregravid risk factor Cases, n %)* Comparison
Group, n(%)†

Minimally
adjusted‡

Multivariable
adjusted§

    Pre-/hypertension¶ 107 (52.2) 1,052 (33.1) 2.1 (1.6–2.9) 2.1 (1.5–2.8)

  Overweight/obese (BMI, kg/m2)

    < 25 124 (60.5) 2,348 (74.0) 1.0 1.0

    ≥ 25 81 (39.5) 827 (26.0) 1.6 (1.2–2.2) 1.6 (1.2–2.3)

  Mild inflammation (tertile of WBC, 103/μL)

    <5.6 49 (23.9) 983 (31.0) 1.0 1.0

    5.6–7.1 70 (34.1) 1,127 (35.5) 1.2 (0.8–1.8) 1.2 (0.8–1.8)

    ≥ 7.2 86 (42.0) 1,065 (33.5) 1.5 (1.0–2.2) 1.6 (1.1–2.3)

CI, confidence interval

*
n = 205 women

†
n =3,175 women

‡
Adjusted for year of serum, age at delivery, years between serum collection and pregnancy, and race/ethnicity

§
Adjusted for year of serum, age at delivery, years between serum collection and pregnancy, race/ethnicity, body mass index (except separate

model with body mass index), maternal level of educational attainment, family history of hypertension, parity, cigarette smoking status, alcohol
and coffee intake during year prior to exam

║
Systolic blood pressure (SBP) < 80 mm Hg and diastolic blood pressure (DBP) < 120 mg Hg

¶
Based on JNC-7 classification: pre-hypertension is SBP 120–139 mm Hg or DBP 80–89 mm Hg
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