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Abstract 
 
Purpose:  to study the relationship between pre-pregnancy 
normal range blood pressure and other cardiovascular disease 
risk factors to term singleton pregnancy birth weight in African 
American women. 
 
Design: longitudinal, observational, prospective cohort study. 
 
Setting: community setting from four geographical areas of the 
United States. 
 
Population: African American women with term pregnancies 
and without preexistent diabetes mellitus, hypertension, cardiac 
history, renal disease history, malignancy, tobacco usage or 
sickle cell anemia. 
 
Methods: bivariate and multivariate linear regression. 
 
Results: pre-pregnancy SBP and DBP in African American 
women are each negatively related to birth weight. SBP and 
DBP estimate the same relationship with birth weight and 
suggest that SBP and DBP are interchangeable. Additionally, 
we found that gestational age and birth weight depend upon the 
presence of prior pregnancy and range of BMI. 
 
Conclusions: in a United States based cohort of African 
American women with no known CVD risk factors, pre-
pregnancy normal range blood pressure is related to term birth 
weight. 
 
Introduction 
 
Pre-pregnancy hypertension and the hypertensive syndromes of 
pregnancy are known risk factors for low birth weight/small for 
gestational age (LBW/SGA) infants and premature delivery 
(<37 weeks).1,2 United States (US) born African American 
women are three times more likely to have LBW infants (<  

 
 
2500 grams) than US white women.3 A preliminary study of the 
CARDIA database suggests that pre-pregnancy elevated 
systolic blood pressure within the normal range in African 
American women is associated with up to a four-fold increase 
in risk of LBW in term pregnancies.4  
 
The presence of abnormal cardiovascular disease (CVD) risk 
factors pre-pregnancy has been reported for pregnancy 
associated hypertension (PAH) (e.g., preeclampsia, eclampsia, 
gestational hypertension), gestational diabetes, and pre-
maturity.5 Pre-pregnancy hypertension is associated with pre-
term and term SGA.6 A recent epidemiological study from 
China demonstrated a relationship between blood pressure as a 
continuous variable and premature birth.7 Additionally, high 
end normal range blood pressure in pregnancy is associated 
with low birth weight, shown in a recent study by Wikstrom.8 
The researchers in the Wikstrom study demonstrated a negative 
relationship between diastolic blood pressure (DBP) at 36 
weeks gestation and birth weight/SGA.8 The known future 
consequences to both mother and LBW/SGA infant for CVD 
and CVD risk factors invites the study of pre-pregnancy blood 
pressure and other metabolic parameters. 
 
In order to isolate the effect of pre-pregnancy CVD risk factors 
on fetal growth we studied term pregnancies only (preterm 
excluded). 
 
The purpose of this study is to investigate the relationship 
between pre-pregnancy normal range blood pressure (as a 
continuous variable) and other CVD risk factors to term 
singleton pregnancy birth weight in African American women. 
The results of this study may assist in answering the question 
whether maternal predisposition to CVD is present prior to 
pregnancy or whether unique processes of the complicated 
pregnancy set in motion the metabolic and vascular changes 
which are characteristic of CVD.  



  
 
Materials and Methods 
 
CARDIA Study Cohort 
 
The CARDIA study has been described in detail.9-11 Briefly, the 
CARDIA study is a longitudinal, observational, prospective 
cohort study started in the United States in 1985 to study the 
evolution of cardiac risk factors in young men and women 
enrolled between 18 and 30 years old by collecting data at 
various points in time from 1985 to 2011.9-11 The participants 
were recruited from four geographical areas, which included the 
enrollment of 2787 women (52% were African American) at 
inception. To study the relationship between pre-pregnancy 
variables and outcomes we examined the first pregnancy after 
enrollment into the study (regardless of parity status at enroll-
ment, in order to obviate the effect of an interval pregnancy) 
over the first 5 years of data collection. Data were collected at 
year 0 (Time A), year 2 (Time B) and year 5 (Time C). Our 
study is a secondary analysis of the CARDIA data. We included 
African American women who were both nulliparous and 
parous at Time A. Metabolic, blood pressure and anthro-
pometric data were obtained from Time A and Time B. 
Reproductive events were evaluated at Time B and Time C. 
There were 381 African American women with births recorded 
at Time B and Time C: 167 women delivered between Time A 
and Time B and 214 women delivered between Time B and 
Time C (who had not also delivered between Time A and Time 
B). Women with preterm pregnancies (defined as less than 37 
weeks gestational age), who were pregnant at baseline data 
collection times (Time A, Time B) and with preexistent 
diabetes mellitus (DM), hypertension, cardiac history, renal 
disease history, malignancy and tobacco usage were excluded 
(239 subjects excluded – Figures S1 and S2). No woman with 
sickle cell anemia was included in baseline CARDIA data. 
Additionally, patients with sickle cell trait (12 subjects) and a 
self-reported history of pregnancy associated hypertension (15 
subjects) were not excluded (see limitations section). There 
were three births, missing gestational age: two at Time B and 
one at Time C. These were presumed to be full-term based on 
birth weights 3515, 3969, and 4110 grams. Hypertensive 
patients were defined by either a patient listed as hypertensive 
on an anti-hypertensive medication or a patient with BP > 
140/90 prior to pregnancy; patients listed as hypertensive not 
on anti-hypertensive medication with BP <140/90 were not 
excluded. 15 patients were included in the study who reported 
a history of hypertensive disorder during pregnancy (“toxemia” 
or “high blood pressure without toxemia”) at Time B or Time 
C for respective birth at Time B or Time C. A total sample 
included 142 women gave birth between Time A and Time C. 
These women were divided into 2 cohorts for the purpose of 
data analysis. The first cohort included women who delivered 
between Time A and Time B (74 women); the second cohort 
included women who delivered between Time B and Time C 
(68 women). There were no twin deliveries in the 2 cohorts. 
Seven subjects had 2 births within a cohort, with only the first 
birth used in the study. 
 
 

Predictors and Time Points 
 
Up to 13 potential predictors were explored to predict birth 
weight at Time B and Time C. Birth weight at Time B indicates 
a delivery between Time A and Time B (first cohort). Birth 
weight at Time C indicates a delivery between Time B and 
Time C (second cohort). The systolic blood pressure (SBP), 
diastolic blood pressure (DBP), BMI and gestational age were 
utilized at Time A and Time B for birth weight analyses at Time 
B and Time C. Additionally, change in SBP and DBP between 
Time A and Time B was used for analysis with birth weight at 
Time C. All other explanatory variables (maternal age, prior 
pregnancy, fasting blood glucose (FBG), total cholesterol, 
triglycerides, high-density lipoprotein (HDL)) were obtained at 
Time A and used for analysis of birth weights at both Times B 
and C, because these tests were not repeated at Time B in the 
CARDIA study. 
 
Bivariate Analyses 
 
The association between each continuous predictor versus birth 
weight was first assessed by examining the X vs Y scatter plot, 
and calculating the non-parametric Spearman correlation calcu-
lating the slope (rate of birth weight change per unit increase in 
X) with standard error (SE) and p value using simple linear 
regression and assessing linearity. The assessment of linearity 
between birth weight and a potential continuous predictor was 
assessed using restricted cubic splines (RCS) and a likelihood 
ratio test comparing linear to RCS. 
 
Bivariate assessments were performed for the birth weight at 
Time B with predictors at Time A (Table S1), for birth weight 
at Time C with predictors at Time A and Time B (Table S2), 
and for combined birth weights at Times B and C with 
predictors at Time A and Time B (Table 2). 
 
Multivariable Analyses 
 
Multivariate linear regression was used to assess the simul-
taneous relationship of the up to 14 potential predictors with 
birth weight. The simultaneously significant variables were 
chosen from the candidates such to minimize the Akaike 
Information criterion (AIC) (minimum AIC search). The AIC 
becomes smaller as the model fit to the data improves. In 
addition to the AIC, the R square (R2) statistic is reported. The 
R2 is the percentage of the total variation in birth weight that is 
explained by the variables in the regression model. The higher 
the value of R2 the better the model. The residual error standard 
deviation (SD) is also reported as another measure of accuracy. 
This is the SD of the errors where error = observed birth weight 
– model predicted birth weight. The residual errors follow a 
normal distribution with mean zero and the residual SD 
reported. For example, a residual SD of 400 grams means that 
about 2/3 of the predicted values are within 400 grams or less 
of the observed value. A perfect model has a residual SD of 
zero. 
 



  
 
All two-way interaction among variables identified by the AIC 
search were also evaluated in the combined dataset of n=143 as 
the larger sample size made feasible. 
 
Residual errors were examined to confirm that these errors 
follow a normal (Gaussian) distribution, demonstrating that the 
parametric linear regression models were appropriate. 
 
Multivariate analyses were performed for combined birth 
weights at Times B and C with predictors (Tables 3-4). 
 
Results 
 
Baseline Characteristics 
 
Table 1 summarizes the distribution of maternal age (years), 
SBP (mmHg), DBP (mmHg), FBG, total cholesterol, trigly-
cerides, HDL, BMI (kg/m2), gestational age (weeks), birth 
weight (grams), and prior pregnancy for 142 African American 
women in the CARDIA study at Times A, B, C, depending on 
the variable. At inception (Time A), the mean age of the women 
was 23.6 years old (SD 3.67, minimum 18, maximum 30). The 
mean SBP at Time A was 105.5 mmHg (SD 7.83) and at Time 
B was 104.18 mmHg (SD 9.98). The mean DBP at Time A was 
65.1 mmHg (SD 7.3) and at Time B was 66.56 mmHg (SD 
9.47). The mean BMI at Time A was 25.6 kg/m2 (SD 5.46) and 
at Time B was 25.95 kg/m2 (SD 5.6). The mean gestational age 
at Time B was 40.3 weeks (SD 1.74) and at Time C was 39.6 
weeks (SD 1.43). The mean birth weight at Time B was 3400.4 
grams (SD 497.5), at Time C was 3316.9 grams (SD 483.3), and 
combined Times B and C was 3360.4 grams (SD 490.8). The 
number of women included in the study with prior pregnancy 
was 100 out of 142 (70.4%). 
 
Linearity  
 
The likelihood ratio results showed that the relations of the 
continuous predictors with birth weight were approximately 
linear. 
 
Prediction of Birth Weight Using Pre-Pregnancy Risk Factors 
 
SBP was negatively related to birth weight (Table 3) in a non-
additive model for combined birth weights at Time B and Time 
C with six predictors: prior pregnancy, SBP, BMI, maternal 
age, gestational age and total cholesterol. This model also 
includes interactions of prior pregnancy and BMI with 
gestational age. The model indicates that for every decrease in 
SBP by 1 mmHg, birth weight increases by an average of 10 
grams, holding all else constant (p=0.024). This interactive 
model posits the effect of gestational age on birth weight in term 
pregnancy depends on parity. History of a prior pregnancy is 
associated with increased birth weight at 37 weeks versus no 
history of prior pregnancy. The difference narrows as 
gestational age increases (p = 0.002). The mean difference in 
birth weight at 37 weeks gestational age for prior pregnancy 
versus no prior pregnancy is 645 grams.  The mean difference 
is 166 grams in birth weight at 40 weeks gestational age, prior 

pregnancy versus no prior pregnancy. The model also shows the 
effect of gestational age on birth weight depends on the range 
of BMI. Increasing gestational age is associated with an 
increased birth weight, but the effect of gestational age is 
blunted by higher pre-pregnancy BMI (p =0.002). Mean birth 
weight increases by 110 grams per week of gestational age 
(starting at term week 37) if pre-pregnancy BMI is held 
constant at 22 kg/m2. Mean birth weight increases by 49 grams 
per week if pre-pregnancy BMI is held constant at is mean value 
of 25.8 kg/m2. Mean birth weight increases by 5 grams per week 
(ie, is roughly constant) if pre-pregnancy BMI is held constant 
at 28.5 kg/m2. This model accounts for about one quarter of the 
variation in birth weight (R2=25.6%) 
 
Another model (Table 4) substitutes SBP with DBP, but keeps 
other predictors the same. This DBP is also negatively related 
to birth weight. For every decrease in DBP by 1 mmHg, birth 
weight increases on average by 9.2 grams (p=0.044). This 
model also accounts for about 25% of the variation in birth 
weight (R2=25.1%).  
 
Discussion 
 
Main Findings 
 
The principal finding of our study is that pre-pregnancy SBP 
and DBP in African American women are each negatively 
related to birth weight. SBP and DBP estimate the same 
relationship with birth weight and suggest that SBP and DBP 
are interchangeable. Additionally, we found that gestational age 
and birth weight depend upon the presence of prior pregnancy 
and range of BMI. 
 
Interpretation 
 
A history of maternal delivery of a LBW infant or personal 
history of being a LBW infant impact future cardiovascular risk 
factors and risk of future cardiovascular disease. Pregnancy 
complications, including delivery of a LBW/SGA infant and 
hypertensive disorders, are established risk markers and inde-
pendent risk factors for future maternal CVD, hypertension, 
dyslipidemia and diabetes.5,12-14 The literature reports a variety 
of established CVD risk factors which not only follow compli-
cated pregnancies but also may precede such pregnancies.5,15 
Pre-pregnancy CVD risk factors are associated with the 
hypertensive disorders of pregnancy.16 SGA/LBW infants have 
a higher risk of neonatal morbidity and mortality, future 
educational and social issues and future CVD risk factors.3,17 Of 
note, the majority of SGA births are term births.18 A review of 
the risk factors for LBW/SGA births include many maternal 
risk factors (maternal age, parity, body mass index (BMI), 
tobacco exposure, substance abuse), maternal history of prior 
SGA/PAH/stillbirths, maternal medical health issues (diabetes 
mellitus, chronic hypertension, renal impairment, antiphospho-
lipid syndrome) and psychosocial issues.19 Risk factors for 
SGA overlap with those for preterm birth. The availability of 
pre-pregnancy CVD risk factors in the CARDIA study allows 
study of the effects of CVD risk factors on prematurity.20 Study 



  
 
of term pregnancies eliminates the confounding potential 
independent or overlapping risk factors with preterm delivery. 
 
The present study adds another piece of evidence to the growing 
literature that subtle pre-pregnancy CVD risk factors are related 
to birth outcomes including low birth weight in term pregnancy 
in African American women.  
 
Our study is consistent with results found by Harville in the 
Cardiovascular Risk in Young Finns Study which included 
1142 women.21 The study found a strong relationship between 
pre-pregnancy SBP and preterm birth and SGA/LBW in 
primiparous women. However, the Harville study included 
women with both preterm deliveries and term deliveries. Our 
study did not reveal a relationship between pre-pregnancy lipid 
fractions or fasting blood glucose and birth weight, which are 
suggested in the Harville study. A large Chinese cohort study 
did not demonstrate a relationship between preconception blood 
pressure and LBW/SGA.22 The Chinese study, however, 
included Chinese women who delivered both preterm and full-
term babies (between 28 to 45 weeks). A recent population-
based study of Korean women did show a relationship between 
higher range pre-pregnancy, non-hypertensive SBP (<140/90) 
with higher incidence of low birth weight.23 

 
US-born black women have been noted to have lower birth 
weight infants than both African-born black women (living in 
the US) and US-born white women.3 US born black women on 
average have higher SBP and DBP than both African-born 
black women and US born white women (mean SBP/DBP 
129.1/76.3, 121.0/71.9, 118.3/72.2, respectively).24 Long term 
exposure to environmental factors may play a role in the 
observed higher blood pressure and lower birth weights in US-
born African American women.3 

 
This study’s findings of relationship of pre-pregnancy CVD 
risk factors to birth weight suggest that future studies to 

evaluate interventions to reduce blood pressure pre-pregnancy 
to improve birth outcomes may be warranted. 
 
Limitations 
 
The limitations of this study include the following: Because of 
a small sample size, results were not validated on a validation 
dataset. Other factors included in our data set may account for 
the low amount of birth weight variation explained in our 
models (small R2 values). The factors may include, psycho-
social stress, poverty, diet, exercise, alcohol use and family 
history. Some of these factors were included in the CARDIA 
study database, however, were difficult to qualify and quantify 
and thus were not included in our analysis. Women with sickle 
cell trait were not excluded based on demonstration of similar 
birth weight pregnancies in women with sickle cell trait versus 
non-sickle cell trait.25 Women with a self-reported history of 
hypertension during pregnancy were not excluded from our 
study because of potential unreliability of maternal recall.26 
Furthermore, studies have demonstrated that late term pre-
eclampsia may not be associated with a reduction in birth 
weight compared to normotensive pregnancies.27 In our study, 
15 women reported pregnancies with “toxemia” or “high blood 
pressure without toxemia,” however the average birth weight 
for these pregnancies was 3430 grams compared to the average 
birth weight for the remaining 127 pregnancies which was 3352 
grams. 
 
Conclusion 
 
We found that in a United States based cohort of African 
American women with no known CVD risk factors, pre-
pregnancy normal range blood pressure was related to term 
birth weight. 
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