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Abstract

Purpose—To examine racial differences in gestational weight gain (GWG) and pregnancy-

related hypertension.

Methods—Logistic regression models tested racial differences in adequacy of GWG and

pregnancy-induced hypertension in all singleton live births from the South Carolina 2004-2006

birth certificates.

Results—Compared to white women, black and Hispanic women had 16%-46% lower odds of

gaining weight above the recommendations. However, the odds of inadequate GWG was ~50%

higher in black and Hispanic women with a pregnancy body mass index (BMI) <25kg/m2.

Furthermore, compared to women with adequate GWG, women with excessive GWG had higher

odds of pregnancy-related hypertension (underweight: 2.35, 95% CI(1.66, 3.32); normal: 2.05,

95% CI(1.84, 2.27); overweight: 1.93, 95% CI(1.64, 2.27); obese: 1.46, 95% CI(1.30, 1.63)).

Among women with a BMI <25 kg/m2, black women had higher odds of pregnancy-related

hypertension than white women (underweight: 1.64, 95% CI(1.14, 2.36); normal weight: 1.28,

95% CI(1.15, 1.42)), while among women with a BMI ≥25 kg/m2, Hispanic women had 40%

lower odds.

Conclusion—Programs are needed to curb excessive GWG in all racial groups and to help some

sub-groups ensure adequate GWG. Maternal obesity and GWG are two factors that should be used

in combination to reduce racial differences in pregnancy-related hypertension.

Introduction

Pregnancy-related hypertension, including gestational hypertension, preeclampsia, and

eclampsia, is the leading cause of maternal death in industrialized countries, accounting for

16% of deaths.[1] It is also a serious condition that may lead to maternal and offspring
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complications.[2] An estimated 3% of pregnancies are complicated by preeclampsia and 5 to

10% by hypertensive disorders including chronic hypertension,[1] and the prevalence of

these disorders are increasing in the US.[2, 3]

Racial disparities exist for these disorders with the burden being the highest in black women.

[2, 4, 5] Data from the 1998-1999 National Inpatient Sample found the prevalence of

pregnancy-related hypertension to be 6.5% in black, 4.7% in white, and 3.8% in Hispanic

women.[5] Following adjustment for age, gestational diabetes, preexisting diabetes and

hypertension, black women had increased odds of pregnancy-related hypertension, while

Hispanic women had a decreased odds of gestational hypertension but not preeclampsia

compared to white women.[5] Another study found the age-adjusted prevalence of

pregnancy-related hypertension increased significantly more among black women (4.8%)

than that in white (2.6%) or Hispanic women (2.3%).[2]

The observed increase in pregnancy-related hypertension might be explained by the increase

in both high prepregnancy body mass index (BMI) and excessive gestational weight gain

(GWG), both risk factors for pregnancy-related hypertension[6-24]. Furthermore, because

minority women are more likely to be overweight or obese before pregnancy [25] and

overweight and obese women are more likely than normal weight women to exceed GWG

recommendations[23], high prepregnancy BMI and GWG might also contribute to the

increasing racial gap in pregnancy-related hypertension. Yet, some studies have found that

black women gain less total weight gain during pregnancy than white women [15, 16, 26,

27]. Thus, it is important to examine the interactive effects of GWG and prepregnancy BMI

in explaining the racial differences in pregnancy-related hypertension.

To date, the joint effect of GWG and prepregnancy BMI on the risk of pregnancy-related

hypertension has received some attention in previous research.[11, 12, 14, 17-19] Half of

these studies, however, have been underpowered.[11, 18, 19] Approximately half of studies

have been conducted in the geographic areas with limited racial diversity such as China,[13]

Canada[11] or predominantly Caucasian, European populations.[12, 14, 19, 20, 24] Studies

conducted in US populations have controlled for race,[16, 17, 21] or have been restricted to

a specific racial/ethnic group[18, 22] or to only normal weight[16] or obese women.[21]

They have not investigated the role of race in pregnancy-related hypertension and how other

modifiable risk factors may contribute to racial differences. Although DeLaTorre et al.

examined racial disparities in gestational hypertension by prepregnancy BMI, they studied a

group of high-risk pregnant women who received comprehensive home-based nursing

services,[15] thus limiting its generalizability.

The aim of this paper was to examine the interactive roles of GWG and prepregnancy BMI

in racial disparities in pregnancy-related hypertension in a large population of women

residing in the state of South Carolina (SC) who delivered in 2004-2006. SC has poor

maternal and child health indicators compared to the rest of the nation and women living the

southern United States have the highest. prevalence of gestational hypertension.[3] Each

year approximately one third of births in SC are to black women, which provide a unique

opportunity to examine the proposed questions. Given that few population-based studies

have examined racial differences in GWG, we first examined racial differences in GWG
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according to prepregnancy BMI. We then examined whether racial differences in

pregnancy-related hypertension were explained by differences in GWG and prepregnancy

BMI.

Data and Methods

Live, singleton births between 20-44 weeks with a birth weight greater than 500 grams to

mothers without prepregnancy hypertension were included from the 2004-6 SC birth

certificates (n=44,274 non-Hispanic black, 79,004 non-Hispanic white, 12,401 Hispanic

women). Women whose race/ethnicity did not fit into one of these categories (3,287) or

women with missing information on race/ethnicity (1,271) were excluded from the analysis

due to small numbers and the difficulty in defining heterogeneity in this category. Births

before 20 weeks were not included because preeclampsia and gestational hypertension are

diagnosed after 20 weeks of pregnancy.[28] Additionally, exclusions were made for missing

information for prepregnancy weight, height or BMI (2,975); a prepregnancy BMI less than

10 (7) or greater than 80 (2); missing GWG (641); gestational weight loss of more than 30

pounds (311) or GWG greater than 97 pounds (390), as well as missing information for

other covariates (2,963) such as date of first prenatal care visit (2,197), maternal education

(374), and marital status (288). Cut points of less than 10 and greater than 80 for BMI and

less than -30 and greater than 97 pounds for GWG have been used previously to define

improbable values.[26, 29]

Main variables

The SC birth certificate collected information on total GWG and clinical estimates of

gestational age in weeks. Considering that total GWG varies by weeks of gestation at

delivery, we used a measure of adequacy of GWG which takes into account gestational age

at delivery. Table 1 summarizes the 2009 IOM guideline for each prepregnancy BMI group:

underweight (<18.5 kg/m2), normal weight (18.5-24.9), overweight (25.0-29.9) and obese

(≥30.0). It assumes that women with BMI <25 typically gain 4.4 lbs during the first 12

weeks of pregnancy compared to 2.2 lbs if they are overweight and 1.1 lbs if they are obese.

[30] For each BMI group, we divided the lower and upper limits of recommended weight-

gain range by expected mean weight gain at 40 weeks’ gestation to derive corresponding

adequate ranges of expected weight gain based on the recommendation as shown in the last

column of Table 1. We calculated the ratio of actual weight gain at delivery to the expected

weight gain for that gestational week according to the 2009 Institute of Medicine (IOM)’s

recommendations. If the ratio of actual to expected weight gain fell into the adequate ranges

based on the recommendation shown in Table 1, then the woman was defined as gaining

adequate weight during pregnancy. If the ratio fell above or below these ranges, then total

GWG was considered to be above (excessive) or below (inadequate) the recommendation,

respectively. Additional details are available in previous studies.[31, 32]

The SC birth certificate collects information on hypertension status: 1) prepregnancy

(chronic); 2) gestational (pregnancy-induced hypertension, preeclampsia); and 3) eclampsia.

In this study, pregnancy-related hypertension includes pregnancy-induced hypertension,

preeclampsia, and eclampsia. This definition is consistent with previous studies,[3-5]
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although Wallis et al.[3] examined preeclampsia/eclampsia as a separate category. Race/

ethnicity was categorized as non-Hispanic black, Hispanic, and non-Hispanic white

(hereafter, black, Hispanic and white).

Statistical analyses

For GWG, we estimated the prevalence of inadequate or excessive GWG by race/ethnicity

and prepregnancy BMI categories. Multinomial logistic regression models were used to

predict the outcome of excessive or inadequate GWG compared to adequate GWG.

Independent variables were race, prepregnancy BMI, and race*prepregnancy BMI.

Covariates, based on previous studies, were maternal age, race/ethnicity, marital status,

smoking status, education level, month prenatal care began, and parity. Odds ratios (OR)

and 95% confidence intervals (CI) from both the crude and adjusted models were presented.

We also estimated the prevalence of pregnancy-related hypertension by race, GWG,

prepregnancy BMI category, and other characteristics. Cochran-Armitage trend tests were

used to assess whether the prevalence of pregnancy-related hypertension increased with

advancing BMI category. Multiple logistic regression models were used to predict the

outcome of pregnancy-related hypertension. Independent variables were race, prepregnancy

BMI, GWG, race*prepregnancy BMI, race*GWG, and prepregnancy BMI*GWG. Other

covariates were the same as described above. In the case of significant interaction terms,

stratified analyses were conducted. In addition to all covariates mentioned in GWG model,

we further added categorical GWG as covariates in the models. All analyses were conducted

using SAS 9.2 (Cary, NC). The study received approval from the local Institution Review

Board.

Results

Sample characteristics

White women comprised nearly 60% of the pregnant population in SC followed by black

women who made up about one third and Hispanic women who accounted for less than

10%. Approximately one quarter of mothers did not graduate from high school, but nearly

half, had more than a high school education. Over half of women were multiparous and

married. Nearly 15% of mothers reported smoking while pregnant and just over one quarter

began prenatal care ≥13 weeks gestation. Before pregnancy, 4.7% of women were

underweight, 46.7% normal weight, 20.7% overweight, and 27.9% obese (Table 2).

Gestational weight gain

Only 22.8% of SC women gained weight within the 2009 recommended range during the

pregnancy, 48.8% had excessive GWG and 28.4% had inadequate GWG. GWG varied by

race/ethnicity (Figure 1a, p<0.001). Excessive GWG was most prevalent among white

women (52.6%) and least among Hispanic women (37.7%). Inadequate GWG, on the other

hand, was higher in black (34.3%) and Hispanic women (36.7%) than white women

(23.8%). GWG also varied by prepregnancy BMI (Figure 1b, p<0.001). Overweight and

obese women had a higher prevalence of excessive GWG. Obese women also had the
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highest proportion of inadequate GWG and the lowest proportion of gaining within the

recommendation.

A significant interaction between race and prepregnancy BMI on GWG was identified, so all

models were stratified by prepregnancy BMI class (p <0.001). Black women had 16%-30%

lower odds of excessive GWG than white women regardless of their prepregnancy BMI.

Hispanic women had 29%-46% lower odds of excessive GWG than white women if their

prepregnancy BMI was normal, overweight or obese. However, compared to white women

in the same weight category, the odds of inadequate GWG was ~50% higher in black and

Hispanic women whose prepregnancy BMI was <25. Overweight Hispanic women had 20%

lower odds of inadequate GWG during pregnancy (95% CI: 0.70, 0.90)(Table 3). The results

did not change when analyses were restricted to women who delivered full term infants (≥37

weeks).

Pregnancy-related hypertension

As shown in Table 2, pregnancy-related hypertension was least prevalent among Hispanic

women (3.5%) and similar in black (6.3%) and white (5.8%) women. Pregnancy-related

hypertension was most prevalent among women who gained excessive weight during

pregnancy (7.6%), followed by those who gained under the guideline (4.3%) and within the

guideline (3.6%). The prevalence of pregnancy-related hypertension increased with

prepregnancy BMI category: 2.9%, 3.9%, 5.8%, and 9.2% for underweight, normal weight,

overweight, and obese women, respectively.

Interactions between race and prepregnancy BMI (p <0.001) and prepregnancy BMI and

GWG (p<0.001) were significant when all covariates were in the model. Thus, all stratified

results by prepregnancy BMI category were presented below. As shown in Table 4, the

prevalence of pregnancy-related hypertension was the highest among women who were

obese before pregnancy and then gained excessive weight during pregnancy (10.4% among

black women, 12.3% among white women, 7.3% among Hispanic women). The prevalence

of hypertension was about the same for women with inadequate and adequate GWG within

each BMI group regardless of race. There were significant increasing trends in the

prevalence of pregnancy-related hypertension with increasing prepregnancy BMI in all joint

categories by race and GWG except among Hispanic women who gained adequate weight

during pregnancy (Table 4).

As shown in Table 5, excessive GWG was associated with 1.5-2.3 times higher odds of

pregnancy-related hypertension. The odds ratios for the association between pregnancy-

related hypertension and excessive GWG decreased as BMI increased from underweight

(OR: 2.35, 95% CI: 1.66, 3.32) to obese category (OR: 1.46, 95% CI: 1.30, 1.63). Black

women with a BMI < 25 had higher odds of pregnancy-related hypertension than white

women in the same weight category (OR for underweight: 1.64, 95% CI: 1.14, 2.36; OR for

normal weight: 1.28, 95% CI: 1.15, 1.42). Furthermore, Hispanic women with a BMI ≥ 25

had significantly lower odds of pregnancy-related hypertension (OR for overweight: 0.61,

95% CI: 0.48, 0.77; OR for obese: 0.66, 95% CI: 0.55, 0.79). Results did not differ when

restricted to women with full-term births.
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Discussion and Conclusions

Only about one in five South Carolina women gained weight within the 2009 recommended

range during pregnancy, with an additional 48.8% gaining excessive weight and 28.4%

gaining inadequate weight. Overweight and obese women were more likely to gain

excessive weight during pregnancy. Gaining excessive weight was prevalent in both white

(52.6%) and black women (45%) and was slightly lower among Hispanic women (37.7%).

Normal weight and underweight black and Hispanic women (BMI<25) had about a 50%

higher odds of gaining inadequate weight during pregnancy compared to white women, and

overweight Hispanic women had modestly lower odds of gaining inadequate weight during

pregnancy. To our knowledge few studies have examined the joint effect of race and

prepregnancy BMI status on GWG.

These findings indicate a strong need for education and lifestyle intervention programs

designed to help the majority of pregnant women gain weight within the recommended

guidelines. Programs should include all racial groups as they all face weight gain challenges

during pregnancy. For white women, programs designed to prevent excessive GWG is

particularly important. In contrast, for normal weight black and Hispanic women, programs

designed to ensure adequate weight gain during pregnancy are crucial. Existing intervention

programs have placed more attention on excessive weight gain,[10, 33-35] but our findings

suggest that attention should also be placed on inadequate weight gain during pregnancy in

some sub-groups.

Another unique contribution of this study was its examination of the interactive effects of

prepregnancy BMI, race, and GWG on the risk of pregnancy-related hypertension.

Consistent with two previous large studies,[12, 15] we found that gaining excessive GWG

was associated with an increased risk of pregnancy-related hypertension in all BMI

categories. Smaller studies restricted to normal weight [16, 24] or obese women [11, 20, 21]

further confirm this finding. Two studies found high GWG to be associated with gestational

hypertension and preeclampsia, respectively, in normal weight, but not obese women [14,

17].

Stratifying our results allowed us to examine the relative importance of excessive GWG by

BMI category. Our results suggest that although the odds of pregnancy-related hypertension

increased with excessive GWG, the odds decreased as prepregnancy BMI increased. To our

knowledge, we are only the second study to examine such an association. A similar trend

was observed in the stratified results from Cedergren et al., whose results showed decreasing

odds of preeclampsia with each increasing prepregnancy BMI category.[12]

Racial differences in the risk of pregnancy-related hypertension were clearly observed by

prepregnancy BMI and remained after adjusting for GWG and other covariates. Among

women with a BMI <25, black women had higher odds of pregnancy-related hypertension

than white women. Among overweight and obese women (BMI≥25), Hispanic women had

lower odds of pregnancy-related hypertension than white women. Three studies [2, 4, 5]

examined the racial differences in pregnancy-related hypertension and all confirm our

finding that pregnancy-related hypertension is highest in black women. Unlike our study,
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however, Fang et al.[4] and Baraban et al.[2], reported pregnancy-related hypertension to be

lower among white women than Hispanic women. This may be due to differences in the

Hispanic population, a term which encompasses a very heterogeneous group of people, in

New York City[4] and Los Angeles[2] compared to SC. The older databases in other two

studies may also explain these differences.

Only our study and Shen et al.’s [5] sought to determine reasons for racial disparities in

pregnancy-related hypertension by adjusting the results for probable explanatory factors.

Shen et al.[5] adjusted for maternal age, gestational diabetes, preexisting diabetes, and pre-

existing hypertension and continued to see an increased odds of pregnancy-related

hypertension in black women and a decreased odds of pregnancy-related hypertension in

Hispanic women compared to white women. Shen et al.[5] did not stratify their results by

prepregnancy BMI and could not detect whether racial differences varied by prepregnancy

BMI. Our more detailed, BMI-specific results may help to better inform and tailor future

interventions.

Our findings suggest that maternal obesity and GWG are two factors that should be used in

combination in targeting, understanding and reducing the risk of pregnancy-related

hypertension. Depending on prepregnancy BMI, the effect of race on pregnancy-related

hypertension varied. To reduce racial differences in pregnancy-related hypertension,

attention should be paid to black women who are underweight or normal weight before

pregnancy. The increased risk of pregnancy-related hypertension among overweight and

obese white women (compared to Hispanic women) should also be addressed in programs

aiming to prevent pregnancy-related hypertension.

The main strength of this study is the use of a large, unselected multiethnic population

including all pregnant women living in SC, which allowed us to carefully examine the

interactive effects of race, prepregnancy BMI, and GWG on the risk of pregnancy-related

hypertension. We also applied the latest 2009 recommendation for GWG. Our measure of

adequacy of GWG represents an enhancement in methods for analyzing adequacy of GWG

by considering the gestational age at delivery, a factor closely related to total GWG.

Our study also has limitations. First, our analysis would have benefitted from more detailed

information on the risk factors related to pregnancy-related hypertension in order to better

understand racial differences. For example, family history of hypertension and previous

preterm deliveries are known to be higher among black women. Second, although we used a

large unselected sample of all pregnant women in SC, some caution should be used in

generalizing these findings to women living in other geographic regions. Because SC has a

high prevalence of cardiovascular diseases and hypertension, the racial differences observed

here may not be representative of other regions. Third, we were not able to differentiate

between sub-types of hypertensive disorders in pregnancy. Finally, data from birth

certificates may not be accurate and were not validated in SC. However, prior validation

studies from other states show that compared with information from medical records, birth

certificates have very high agreement on demographic variables such as race/ethnicity

(Kappa =0.88) [36]. The validity for pregnancy-related hypertension, preeclampsia,[37] and

prepregnancy BMI [38] measures are reasonably good.
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In brief, this study found that excessive weight gain is prevalent in all racial groups. The

higher prevalence of excessive than inadequate weight gain in all racial groups indicates that

addressing excessive GWG may warrant more attention than addressing inadequate GWG.

In terms of racial differences, we found black and Hispanic women were less likely to gain

excessive weight than white women in all prepregnancy BMI categories and more likely to

gain inadequate weight if their BMI was normal or underweight. These findings may help to

better direct future intervention programs aimed at encouraging women to gain appropriate

weight. Specifically, underweight and normal weight black and Hispanic women may

benefit from programs that emphasize the hazards of inadequate GWG.

Regarding pregnancy-related hypertension, both underweight and normal weight black

women had higher odds of pregnancy-related hypertension than white women while

overweight and obese Hispanic women had lower odds. Due to the serious nature of

pregnancy-related hypertension for both the mother and infant, understanding and

addressing these disparities should be a top priority.
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Figure 1a.
Gestational weight gain by race/ethnicity in South Carolina, 2004-6
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Figure 1b.
Gestational weight gain by pre-pregnancy body mass index in South Carolina, 2004-6
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Table 2

Sample characteristics for all women and women with pregnancy-related hypertension in South Carolina,

2004-2006.

Total Sample Pregnancy-related
hypertension

% n % p value*

Total 100.0 133,849 5.7

Race

 Non-Hispanic White 58.3 77,980 5.8 <.0001

 Non-Hispanic Black 32.6 43,671 6.3

 Hispanic 9.1 12,198 3.5

Gestational weight gain (GWG)**

 Inadequate 28.4 39,146 4.3 <.0001

 Adequate 22.8 35,425 3.6

 Excessive 48.8 59,278 7.6

Pre-pregnancy BMI

 Underweight 4.7 6,251 2.9 <.0001

 Normal weight 46.7 62,520 3.9

 Overweight 20.7 27,722 5.8

 Obese 27.9 37,356 9.2

Parity

 None 45.7 61,118 7.3 <.0001

 1 or more 54.3 72,731 4.5

Maternal Education

 <12 years 24.0 32,152 4.8 <.0001

 12 years 26.4 35,131 5.9

 >12 years 49.7 66,566 6.1

Smoking during Pregnancy

 Yes 14.2 18,994 5.4 0.0214

 No 85.8 114,855 5.8

Prenatal Care Started

 <13 weeks 73.1 97,903 6.1 <.0001

 13 weeks or later 26.9 35,946 4.7

Maternal Age

 <20 years 14.4 19,326 5.6 <.0001

 20-34 years 75.5 100,993 5.6

 34+ years 10.1 13,530 6.7

Marital Status

 Yes 55.4 74,121 5.7 0.7458

 No 44.6 59,728 5.8

*
p-value was based on chi-square tests of independence.
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**
Gestational age was accounted for in the determination of adequacy of gestational weight gain using the 2009 Institute of Medicine’s

recommendations.
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Table 3

Adjusted* odds of excessive or inadequate gestational weight gain (GWG) in non-Hispanic black women and

Hispanic women compared to non-Hispanic white women by pre-pregnancy BMI category

Underweight Normal weight Overweight Obese

Excessive GWG vs adequate GWG

 Non-Hispanic Black 0.70 (0.60, 0.81) 0.84 (0.80, 0.89) 0.78 (0.72, 0.85) 0.84 (0.78, 0.90)

 Hispanic 0.85 (0.66, 1.09) 0.69 (0.65, 0.75) 0.54 (0.48, 0.61) 0.71 (0.62, 0.80)

 Non-Hispanic White 1.00 1.00 1.00 1.00

Inadequate GWG vs adequate GWG

 Non-Hispanic Black 1.53 (1.30, 1.79) 1.49 (1.41, 1.58) 0.96 (0.88, 1.06) 1.04 (0.96, 1.12)

 Hispanic 1.60 (1.23, 2.07) 1.44 (1.34, 1.56) 0.80 (0.70, 0.90) 0.88 (0.78, 1.01)

 Non-Hispanic White 1.00 1.00 1.00 1.00

*
Adjusted for parity, maternal education, smoking during pregnancy, month prenatal care started, maternal age and marital status.
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Table 4

Prevalence of pregnancy-related hypertension by joint categories of pre-pregnancy weight status and

gestational weight gain (GWG) among non-Hispanic black, non-Hispanic white, and Hispanic women in

South Carolina, 2004-6.

Pregnancy-related hypertension (%)

Underweight Normal Overweight Obese P for trend*

Non-Hispanic Black

 Inadequate GWG 2.3 3.4 3.4 7.0 <0.001

 Adequate GWG 3.9 3.3 3.6 7.4 <0.001

 Excessive GWG 5.5 6.3 7.5 10.4 <0.001

Non-Hispanic White

 Inadequate GWG 1.5 2.1 3.8 7.9 <0.001

 Adequate GWG 1.6 2.4 4.2 8.4 <0.001

 Excessive GWG 4.6 5.3 8.0 12.3 <0.001

Hispanic

 Inadequate GWG 0.7 1.8 2.2 5.2 <0.001

 Adequate GWG 0.7 2.6 2.0 3.1 0.3498

 Excessive GWG 2.9 4.4 4.2 7.3 <0.001

*
P-values were based on Cochran-Armitage Trend tests.
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Table 5

Joint effect of body mass index (BMI), race and gestational weight gain (GWG) on pregnancy-related

hypertension

Pregnancy-related hypertension: Adjusted* OR (95% CI)

Underweight Normal weight Overweight Obese

Gestational weight gain

 Inadequate 0.83 (0.52, 1.33) 0.93 (0.81, 1.07) 0.91 (0.75, 1.11) 0.96 (0.85, 1.08)

 Excessive 2.35 (1.66, 3.32) 2.05 (1.84, 2.27) 1.93 (1.64, 2.27) 1.46 (1.30, 1.63)

 Adequate 1.00 1.00 1.00 1.00

Race/Ethnicity

 Non-Hispanic Black 1.64 (1.14, 2.36) 1.28 (1.15, 1.42) 0.97 (0.85, 1.10) 0.96 (0.88, 1.05)

 Hispanic 0.53 (0.23, 1.24) 0.86 (0.73, 1.02) 0.61 (0.48, 0.77) 0.66 (0.55, 0.79)

 Non-Hispanic White 1.00 1.00 1.00 1.00

*
Adjusted for maternal race/ethnicity, GWG, education, smoking during pregnancy, month prenatal care started, maternal age and marital status.
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