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Abstract

Previous studies have reported declines in high density lipoprotein (HDL) cholesterol 1-2 years
after pregnancy. In 1986-1996, the authors prospectively examined the association between
childbearing and changes in fasting plasma lipids (low density lipoprotein, HDL, and total
cholesterol; triglycerides) among 1,952 US women (980 Black, 972 White) in the Coronary Artery
Risk Development in Young Adults study. Repeated-measures multiple linear regression was used
to examine lipid changes over three time intervals (baseline to years 5, 7, and 10) in time-
dependent follow-up groups: PO (0 pregnancies), P1 (=1 miscarriages/abortions), B1 (1 birth), and
B2 (=2 births). Means stratified by race and baseline parity (nulliparous or parous) were fully
adjusted for study center, time, height, baseline diet, and other baseline and time-dependent
covariates (age, smoking, education, weight, waist circumference, alcohol intake, oral
contraceptive use, physical activity, short pregnancies). For both races, fully adjusted HDL
cholesterol declines of —3 to —4 mg/dl were associated with a first birth versus no pregnancies
during follow-up (p < 0.001). Higher-order births were not associated with greater declines in
HDL cholesterol (B2 similar to B1, no association among women parous at baseline). In Whites,
total and low density lipoprotein cholesterol declines were associated with follow-up births. HDL
cholesterol declines of —3 to —4 mg/d| after a first birth persisted during the 10 years of follow-up
independent of weight, central adiposity, and selected behavior changes.
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Evidence for an association between parity and the risk of cardiovascular disease in women
has been conflicting (1-8) partly because of residual confounding from socioeconomic
status and age that influence childbearing patterns as well as disease risk. Secondly,
measures of preexisting risk factors for cardiovascular disease (obesity, hypertension, and
hyperlipidemia) and longitudinal changes in risk factors during the childbearing years have
not been collected prospectively to differentiate pregnancy-specific effects from those
associated with aging, secular trends, and changes in behaviors.

During healthy pregnancy, the progressive rise in blood insulin and gestational hormones
(progesterone, 17B-estradiol, human placental lactogen) is accompanied by elevations in
blood lipids, insulin resistance, and weight gain (9-14). Blood lipids peak by 31-36 weeks
of gestation, and percentage increases above early pregnancy levels range from 43 to 53 for
total cholesterol, 36 to 40 for low density lipoprotein (LDL) cholesterol, 0 to 25 for high
density lipoprotein (HDL) cholesterol (13-20), and 150 to 230 for triglycerides (12, 15, 17,
20). During the puerperium, triglycerides decrease rapidly (12-14, 20) while total
cholesterol and LDL cholesterol (12, 13, 21) remain above and HDL cholesterol (18, 20)
below preconception or early pregnancy levels for several months to 1 year postpartum.

Large cross-sectional studies of both pre- and postmenopausal women (2, 8, 22, 23) have
reported inverse correlations between parity and HDL cholesterol or lower HDL cholesterol
levels at a threshold of high parity (e.g., five or more births vs. four or fewer) (24, 25). Few
studies have examined longitudinal changes in blood lipids from preconception to 6 or more
months postpartum or have controlled for the effect of aging and secular trends on lipids by
comparison to nonparous women. A study of 22 pregnant Dutch women found that HDL
cholesterol levels at 1 year postpartum were lower than at preconception (18). In White
women, HDL cholesterol declines were —1 mg/dl per birth in 8 years (26) and —2.4 mg/dl in
3 years for one or more pregnancies versus none, adjusted for other covariates (27). The
Coronary Artery Risk Development in Young Adults (CARDIA) study previously reported a
2-year decline in HDL cholesterol associated with a first birth but not subsequent births (28),
independent of changes in weight, waist-hip ratio, and behavioral covariates. In CARDIA
study women, excess weight gain was associated with a first birth (29, 30).

Previous studies provided conflicting evidence for a first versus higher-order birth effect,
had insufficient power to assess differences by race, estimated short-term lipid changes
associated with change in parity, and did not control for central adiposity, except waist-hip
ratio in the CARDIA study. The present study prospectively examined the association of
childbearing with long-term plasma lipid changes during 10 years to determine whether the
association varies by race (Blacks and Whites) or parity at baseline and is mediated
primarily by gains in weight and waist circumference or by changes in alcohol intake,
cigarette smoking, oral contraceptive use, and physical activity associated with childbearing.

Materials And Methods

Study population

The CARDIA study is a multicenter, longitudinal, observational study designed to describe
the development of risk factors for coronary heart disease in young Blacks and Whites, both
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men and women. Details of the study design, methodology, and cohort characteristics have
been reported elsewhere (31-33). The study population was recruited from four geographic
areas of the United States: Birmingham, Alabama; Chicago, Illinois; Minneapolis,
Minnesota; and Oakland, California. In 1985-1986, baseline data were collected on 5,115
subjects (2,787 women) aged 18-30 years, of whom 52 percent were Black and 48 percent
were White. Baseline and follow-up examinations in years 2, 5, 7, and 10 included a variety
of physiologic and self-reported measures that have been described elsewhere (31, 33, 34).
Overall retention rates for the cohort were 91, 86, 81, and 79 percent of the surviving cohort
at years 2, 5, 7, and 10, respectively (34).

Sample selection criteria

Of 2,787 women enrolled at baseline, there were 2,192 who had attended one or more
follow-up examinations, and their pregnancies and births occurred at least 12 months before
the year 10 examination. Women were excluded if, at baseline, they had had a hysterectomy
or removal of both ovaries (n = 20), were currently pregnant (n = 3) or breastfeeding (n =
40), or reported a pregnancy 3 months prior to the examination (n = 46). Also excluded were
those who were nonfasting (<8 hours) prior to venipuncture at baseline (n = 85), had taken
lipid-lowering medications (n = 15), had plasma triglyceride levels of more than 400 mg/dI
at any examination (n = 8), or were missing covariables at all examinations (n = 18). At
baseline, none of the women had taken lipid-lowering medications. At follow-up
examinations, lipid measurements for women pregnant or lactating or nonfasting were
excluded from the analysis. The analytic sample included 1,952 women (980 Blacks, 972
Whites), 70 percent of the original cohort. Fasting plasma lipid measurements were
available at all four examinations and at three of four examinations for 61.0 percent (n =
1,190) and 28.7 percent (n = 561) of the sample, respectively. Institutional review boards at
each participating study center approved the study.

Data collection methods

The methodology used to recruit subjects and collect data for the CARDIA study has been
described in detail previously (31-33). Participants were asked to fast for 12 hours prior to
each examination, and they reported the number of hours since their last intake of food or
beverages prior to the blood draw. Blood samples were drawn in the morning after an
overnight fast by using a Vacutainer tube (Becton, Dickinson and Company, Franklin Lakes,
New Jersey) containing ethylenediaminetetraacetic acid (EDTA) (35). Procedures followed
to collect and store plasma samples, as well as laboratory quality control procedures and the
methodology used to determine concentrations of HDL cholesterol, LDL cholesterol, total
cholesterol, and triglycerides, have been reported in detail elsewhere (35).

Measurements of weight, height, and waist circumference were obtained at each
examination according to standardized protocol described previously (36). Body mass index
(BMI) was computed as weight in kilograms divided by squared height in meters
(overweight: BMI >25).

At each examination, sociodemographic and behavioral characteristics (medication use,
alcohol intake (ml/day), cigarette smoking, education, marital status, employment status,
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oral contraceptive use, and physical activity) were measured by self- and interviewer-
administered questionnaires. Categorical variables were defined as smoking (never, past, or
current), years of education (<12, 13-15, or >16), marital status (never married, widowed,
divorced or separated, or married), employment outside the home (none, part-time, or full-
time), and oral contraceptive use (never, past, or current). At baseline, dieting to lose weight
was categorized as never, past, or current.

The CARDIA Physical Activity History was used to calculate a physical activity score at
each examination (37). The CARDIA Dietary History was used to assess dietary intake as
percentage of kilocalories from total fat, saturated fat, protein, and carbohydrate at baseline
(38). At the year 10 examination, oral contraceptive use in months was self-reported since
age at menarche.

Reproductive history was obtained by self-report of number of pregnancies and births (live-
or stillborn). Baseline parity groups were defined as nulliparous (zero livebirths) and parous
(one or more livebirths). At follow-up examinations, participants were asked whether they
were currently pregnant or breastfeeding and the number of times they had been pregnant,
including the number of abortions, miscarriages, and stillbirths since the previous
examination; duration of gestation; and dates of delivery. Pregnancies ending in
miscarriages, in abortions, and/or after less than 20 weeks of gestation were counted as
“short” pregnancies. Pregnancies of more than 20 weeks of gestation were counted as births
and were classified as zero, one, and two or more.

Repeated-outcome measures—Changes in lipid profiles (total cholesterol, LDL
cholesterol, HDL cholesterol, and triglycerides) were computed for three time intervals,
each starting from baseline (0-5, 0-7, and 0-10 years), by subtracting the baseline from
each follow-up measurement.

Time-dependent follow-up groups—Follow-up pregnancy and birth groups were
constructed as time-dependent variables based on number of pregnancies and births during
the three follow-up intervals. Women were assigned to one of four groups for each interval,
defined as follows: PO (zero pregnancies, nongravid), P1 (one or more miscarriages or
abortions, short pregnancies), B1 (one birth), and B2 (two or more births). For the PO group,
no pregnancies occurred during the current or any prior interval. The P1 group had one or
more short pregnancies but no births during current or prior intervals. The B1 group had
only one birth and any number of short pregnancies during current or prior intervals. B2
included women each of whom had two or more births during the current interval; one or
more birth(s) and any number of short pregnancies may have occurred in a prior interval(s).
Group assignments continued into subsequent intervals unless new pregnancies and/or births
had occurred since the last examination. For example, a woman reporting a miscarriage
between years 0 and 5 and one birth and any number of additional miscarriages between
years 5 and 7 would be classified as P1 for the year 0-5 interval and as B1 for the year 0-7
interval. If no further births were reported, classification as B1 would remain for the
subsequent interval, year 0-10.
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The analysis included time-dependent covariables (age, number of short pregnancies,
changes in weight, waist circumference, months of oral contraceptive use, physical activity,
and alcohol intake constructed by subtracting the baseline from the follow-up measurement)
and categorical variables (smoking, marital, employment, educational status) for each time
interval.

Statistical methods

Preliminary analyses involved a description of baseline characteristics stratified by baseline
parity and race. Multiple linear regression methods (analysis of variance) were used to
assess baseline differences in plasma lipids (HDL cholesterol, LDL cholesterol, total
cholesterol, and triglycerides), age, height, weight, BMI, waist circumference, and dietary
intake among follow-up pregnancy and birth groups (PO, P1, B1, B2). Chi-square tests were
used to assess associations with baseline demographic and behavioral categorical variables.
Two-sided tests were used to obtain p values (significance <0.05). The Kruskal-Wallis one-
way test was used to assess differences in alcohol intake and physical activity due to
skewedness in the distributions.

Plasma lipid measurements were assembled from years 0, 5, 7, and 10 along with fixed
variables, race and study center, and time-dependent follow-up pregnancy and birth groups.
Repeated-measures linear regression methods were used (PROC MIXED 8.2; SAS Institute,
Inc., Cary, North Carolina) to assess the association of follow-up pregnancy and birth
groups with plasma lipid changes over the three intervals. Two-way interaction terms were
examined simultaneously (race, baseline parity, and age) to assess heterogeneity in the
associations of lipid changes with follow-up groups by including appropriate cross-product
terms in the models. Based on these analyses, models were stratified by baseline parity;
adjusted means for HDL cholesterol, total cholesterol, LDL cholesterol, and triglyceride
changes were contrasted among follow-up groups separately for each race. Both baseline
and time-dependent covariables included in models as confounders were selected on the
basis of their association with outcome measures independent of association with follow-up
groups. Model fit was assessed by comparing Akaike Information Criterion statistics.

Minimally adjusted models included study center, time, baseline covariates (weight, height,
waist circumference, dieting to lose weight, percentage of kilocalories from carbohydrate
and saturated fat, alcohol intake, smoking, education, physical activity, oral contraceptive
use) and time-dependent age and number of short pregnancies. Fully adjusted models
additionally included time-dependent covariates (education, smoking, changes in body
weight, waist circumference, alcohol intake, physical activity score, months of oral
contraceptive use).

The overall significance of differences in lipid changes among time-dependent follow-up
pregnancy and birth groups was tested within race and baseline parity-specific models.
Differences in mean changes in HDL cholesterol, LDL cholesterol, total cholesterol, and
triglycerides among follow-up groups were estimated and tested by pair-wise comparisons
of the P1, B1, and B2 groups with the referent group, PO (hongravid), and by comparing B1
with B2. We assumed that the covariance structure was compound symmetry in the
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repeated-measures regression models; analyses based on the assumption of an unstructured
variance-covariance matrix yielded similar results.

Of 1,952 women (980 Black, 972 White) for whom fasting plasma lipid measurements were
avaliable, 506 (51.6 percent) Blacks and 800 (82.3 percent) Whites were nulliparous at
baseline. For Blacks and Whites, respectively, follow-up pregnancy and birth groups
included 445 and 482 women with no pregnancies, 119 and 112 women with one or more
short pregnancies and no births (P1), 278 and 209 women with one birth (B1), and 136 and
169 women with two or more births (B2) during follow-up.

Baseline characteristics of the PO, P1, B1, and B2 groups at the end of follow-up are shown
by race and baseline parity in tables 1 and 2. For those women nulliparous at baseline,
baseline characteristics that differed among follow-up groups included age, oral
contraceptive use, dieting to lose weight, and plasma total cholesterol for Blacks; and
plasma LDL cholesterol and total cholesterol, education, smoking, oral contraceptive use,
and weight for Whites. For those women parous at baseline, follow-up groups differed by
baseline age, oral contraceptive use, dieting to lose weight, and plasma triglycerides for
Blacks; and age, education, weight, BMI, overweight status, marital status (data not shown),
and waist circumference for Whites. Baseline dietary intake did not differ among follow-up
groups except for percentage of calories from saturated fat, carbohydrate, and protein among
parous Blacks; and borderline differences in percentage of calories from total fat among
nulliparous and parous Blacks.

Evidence for a strong two-way interaction by baseline parity was found within the
association of time-dependent follow-up pregnancy and birth groups with HDL cholesterol
change (p < 0.001) but not with LDL cholesterol, total cholesterol, or triglyceride changes.
The two-way interaction term for race in the association for HDL cholesterol was not
significant (p = 0.10). Interactions by age, BMI, and race were not significant for HDL
cholesterol or other lipids.

For women nulliparous at baseline (tables 3 and 4), greater declines in HDL cholesterol
were associated with the B1 and B2 groups compared with the PO group during follow-up in
minimally adjusted models (p < 0.001); differences of —4 to =5 mg/dl in HDL cholesterol
changes (figures 1 and 2) were similar for Blacks and Whites. HDL cholesterol declines
were also greater for the P1 compared with the PO group (p < 0.05) for Blacks nullliparous
at baseline. In minimally adjusted models, smaller LDL cholesterol declines and larger
triglyceride increases were associated with short pregnancies and one or more births
compared with no pregnancies (table 3) in Blacks nulliparous at baseline, and greater total
cholesterol increases were associated with short pregnancies compared with none (table 4)
in Whites nulliparous at baseline.

In fully adjusted models for women nulliparous at baseline, differences in HDL cholesterol
declines for the B1 and B2 groups compared with the PO group were attenuated to —2.8 to
-4.0 mg/dl for Blacks and —2.8 to —3.3 mg/dl for Whites, but they remained significantly
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greater (figures 1 and 2). The B1 and B2 groups did not differ from one another. Fully
adjusted HDL cholesterol declines for the P1 group compared with the PO group were no
longer significant for Blacks. HDL cholesterol declines associated with follow-up groups
did not vary by level of weight gain or increased waist girth during follow-up (two-way
interaction p > 0.10). In fully adjusted models for Whites nulliparous at baseline, total
cholesterol declines were greater for the B1 and B2 groups (differences of —4.5 to —5.7
mg/dl) compared with the PO group (p < 0.01), and LDL cholesterol declines for the B1
group (difference of —2.9 mg/dl) compared with the PO group were somewhat greater (p =
0.053). For Blacks nulliparous at baseline, fully adjusted LDL cholesterol and triglyceride
changes did not differ among follow-up groups.

For women parous at baseline, no association of HDL cholesterol or other lipid changes with
follow-up groups was found for either race, except for somewhat greater triglyceride
increases among Whites (tables 5 and 6) in minimally adjusted models. Fully adjusted
plasma lipid changes were not associated with follow-up groups for either race except for
wide variability among follow-up groups in triglyceride changes among Whites parous at
baseline due to influential data points and small sample size (table 6). In fully adjusted
models, short pregnancies were not associated with any differences in blood lipid profiles
regardless of baseline parity or race.

Discussion

To our knowledge, this is the largest prospective study of Black women and White women
to examine long-term changes in plasma lipids associated with childbearing in reference to
nongravidity. For both races, HDL cholesterol declines of —4 to =5 mg/dl associated with a
first birth versus no pregnancies were attenuated to —3 to -4 mg/dl after accounting for
changes in behavioral covariates, body weight, and waist circumference. For women
nulliparous at baseline, additional HDL cholesterol declines (=0.5 mg/dl for Whites and
-1.2 mg/dl for Blacks) with two or more follow-up births were not significantly different
from those for one birth. Similarly, HDL cholesterol changes were not associated with
higher-order births among women already parous at baseline. These findings indicate that
HDL cholesterol declines associated with a first birth persist over several years, are similar
for Black women and White women, and are not mediated primarily by weight gain,
increased central adiposity, or behavioral changes such as smoking cessation, alcohol intake,
oral contraceptive use, and physical activity associated with childbearing. Low HDL
cholesterol (<40 mg/dl) is a strong independent predictor of coronary heart disease (39, 40).
Each 1-mg/dl increase in HDL cholesterol is estimated to decrease coronary heart disease
risk by 2—3 percent (41), and a 10 percent decline in HDL cholesterol over 12 years equates
to a 10 percent increase in coronary heart disease risk (42). The 6 percent HDL cholesterol
decline in 10 years among childbearing women may potentially increase their coronary heart
disease risk by 6-12 percent.

Among Blacks, HDL cholesterol declines associated with short pregnancies were
nonsignificant after we accounted for behavior changes. This lack of an association of short
pregnancies with HDL cholesterol declines is consistent with the dominant hyperlipidemia
and insulin resistance observed in the second half of pregnancy. To our knowledge, short
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pregnancies have not been evaluated prospectively, and studies have combined this group
with the nonparous comparison group.

Our findings are consistent with a previous CARDIA analysis showing that a first birth was
associated with a 2-year decrease in HDL cholesterol (-=2.6 (standard error, 1.3) mg/dl)
compared with an increase (2.5 (standard error, 0.4) mg/dl) for women who had never given
birth (28). This net 5.1-mg/dl lower HDL cholesterol level after a first birth in the 2-year
CARDIA study is somewhat higher than our estimate of a 3—4-mg/dl lower HDL cholesterol
level over 10 years. However, the estimates differ because of stable HDL cholesterol levels
rather than increases over time among nongravid women in the current analysis. A 3-year
prospective study estimated that HDL cholesterol decreased by —2.43 mg/dl in women with
one or more pregnancies independent of a change in BMI, alcohol consumption, physical
activity, employment, smoking, and oral contraceptive use, but dietary intake was not
reported (27).

One prospective study and several cross-sectional studies reported an inverse correlation
with parity rather than a first-birth effect. In the Framingham Offspring Study (26), 8-year
declines in both total (=2.7 mg/dl) and HDL (-1.05 mg/dl) cholesterol per birth for White
women were independent of smoking, change in physical activity, alcohol intake, BMI, and
oral contraceptive use. However, parity (total number of births) was examined instead of
change in parity during follow-up. Several large, population-based, cross-sectional studies
reported negative correlations between gravidity or parity and HDL cholesterol levels in
both pre- and postmenopausal women, or they found that lower HDL cholesterol levels were
associated with a high parity threshold (2, 22-25). For example, in the Rancho Bernardo
Study of women aged 50-89 years, HDL cholesterol levels were —4.9 mg/dl lower in those
with five or more pregnancies versus four or fewer pregnancies independent of weight
change since age 18 years (24). In the Hispanic Health and Nutrition Examination Survey
(25), six to eight pregnancies versus none was associated with —3.7 to —3.9 mg/dl lower
HDL cholesterol levels in Mexican-American and Cuban-American women. An explanation
for the association of high parity instead of a first birth is that cross-sectional studies are
unable to assess the temporality of pregnancy and changes in HDL cholesterol or the
influence of socioeconomic status on childbearing patterns, weight gain, dietary habits and
obesity, or changes in other factors that may influence risk factors for heart disease in
women.

Prospective studies have found that parity is not associated with changes in LDL cholesterol
and triglycerides (26, 28), but total cholesterol declines associated with parity have been
reported in Whites (26). In our study, declines of =5 mg/dl in total cholesterol and -2 to -3
mg/dl in LDL cholesterol were associated with primiparity in Whites. Although total
cholesterol declines mirrored HDL cholesterol declines in both races, total cholesterol and
LDL cholesterol declines were similar for nongravid and primiparous groups of Black
women. The CARDIA study previously reported favorable 10-year secular trends in total
and LDL cholesterol for Black women and unfavorable trends in HDL cholesterol and BMI
for both races (43). The major contributor to the downward secular trends in total and LDL
cholesterol was consumption of a less atherogenic diet (35). Our 10-year analysis reflects
these same trends, but greater HDL cholesterol declines after a first birth persist independent
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of these secular trends among nongravid CARDIA study women. No differences in total and
LDL cholesterol declines among childbearing groups for Blacks may be related to potential
confounding from changes in dietary intake or other factors during follow-up that were not
measured in this study. However, the estimates were adjusted for baseline dietary intake.

Less favorable lipid profiles have been associated with oral contraceptive use by both Blacks
and Whites; oral contraceptive use is associated with higher LDL cholesterol (26) and lower
HDL cholesterol (44) levels, with the progestin dose correlating with decreasing HDL
cholesterol levels (45). In the CARDIA study, current oral contraceptive use declined in
Blacks and Whites from 34.8 percent and 28.8 percent at baseline to 12.0 percent and 17.3
percent, respectively, by year 10. Oral contraceptive use acted as a weak confounder of the
association between childbearing and lipid changes and was inversely associated with HDL
cholesterol change. Other behavioral characteristics including physical activity, smoking,
and alcohol intake contributed to confounding of HDL cholesterol declines since these
behaviors tend to decrease during and often remain lower after pregnancy. Weight gain had
the greatest adverse influence on HDL cholesterol declines associated with a first birth
consistent with excess weight gain of 1-6 kg among CARDIA study primiparas (29, 30).

In addition, ours is the first prospective study known to examine lipid profile changes
associated with childbearing in Black women and White women separately. On the basis of
our findings of no significant interaction of follow-up groups by race, declines in HDL
cholesterol associated with a first birth were similar for Whites and Blacks. No association
between childbearing and changes in other plasma lipids was found among Blacks
nulliparous at baseline; however, among Whites, total cholesterol declines were strongly
associated with a first birth but LDL cholesterol declines were weakly associated overall.
Thus, a first birth appears to exert adverse effects on lipid profiles principally because of the
declines in HDL cholesterol.

Our study is the largest known population-based sample with the longest follow-up period to
include repeated measurements of plasma lipids before and after each pregnancy and to
account for secular trends and aging by comparison with nongravid women. In addition, we
controlled for a number of potential confounders of the association between childbearing
and plasma lipid changes, including changes in weight, central adiposity, and behavioral
characteristics. Limitations of this study include the variable time interval from delivery to
the next examination, lack of data on dietary changes, and lack of information on whether
women who were never pregnant had experienced infertility due to hormonal disorders such
as polycystic ovary syndrome or other factors that could affect lipids. Despite our large
sample size, some groups were relatively small, limiting the power to detect differences.

Our findings support the hypothesis that pregnancy exerts persistent adverse effects on HDL
cholesterol that are not primarily mediated by weight gain, central adiposity, or selected
behaviors. The effect is not cumulative with additional births but occurs primarily after a
first birth. Mechanisms to explain this association include endocrine changes due to a first
birth that may induce long-term alterations in lipid and glucose metabolism not mediated by
excess fat deposition. For example, lower concentrations of serum dehydroepiandrosterone
sulfate (DHEAS) and dehydroepiandrosterone (DHEA) have been associated with a first
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fullterm pregnancy rather than increasing parity (46, 47). Lower basal serum prolactin levels
have been found in primiparas than nulliparas (48, 49) independent of age, and lower levels
in parous women were unrelated to number of pregnancies (48). Hormonal changes of
pregnancy that promote adipose tissue gain, retention, and/or redistribution resulting in
insulin resistance may influence blood lipid metabolism, but little is known about these
associations postpartum. In our study, weight gain, increased central adiposity, and
behavioral attributes were partly responsible for the long-term HDL cholesterol declines
associated with a first birth, but the majority of the decline is not explained by these factors.
A more complex interplay of changes in endocrine milieu, insulin resistance, or adipose
tissue depots other than visceral fat may alter maternal fuel metabolism and homeostasis to
adversely affect HDL cholesterol concentrations after a first birth, but, to our knowledge,
these measures have not been examined in epidemiologic studies. Genetic factors, changes
in fat distribution, and behavioral practices (e.g., lactation) that may offset the negative
effects of a first birth on lipid profiles should be examined.
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Figure 1.
Differences in mean high density lipoprotein (HDL) cholesterol changes (mg/dl) between

follow-up short pregnancy and birth groups (P1 (one or more short pregnancies), B1 (one
birth), and B2 (two or more births)) vs. the no pregnancies group (P0) from minimally and
fully adjusted models for Black women nulliparous at baseline, the Coronary Artery Risk
Development in Young Adults Study, 1985-1996. ** p < 0.01; *** p < 0.001.
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Figure 2.
Differences in mean high density lipoprotein (HDL) cholesterol changes (mg/dl) between

follow-up short pregnancy and birth groups (P1 (one or more short pregnancies), B1 (one

birth), and B2 (two or more births)) vs. the no pregnancies group (P0) from minimally and
fully adjusted models for White women nulliparous at baseline, the Coronary Artery Risk

Development in Young Adults Study, 1985-1996. *** p < 0.001.
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