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Abstract

OBJECTIVE: To examine the relationship between lactation and subclinical 
cardiovascular disease in a population free of clinical cardiovascular disease.
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METHODS: We conducted a cross-sectional analysis of 297 women who reported at 
least one live birth on enrollment in the Study of Women Across the Nation–Heart 
Study. Participants were mothers aged 45–58 years who were free of clinical 
cardiovascular disease. History of lactation was self-reported. Electron beam 
tomography was used to assess coronary and aortic calcification. B-mode 
ultrasonography was used to assess carotid adventitial diameter, intima–media 
thickness, and carotid plaque. Multivariable linear and logistic regression models 
were used to estimate whether lactation was independently associated with markers 
of subclinical cardiovascular disease.

RESULTS: In unadjusted models, compared with mothers who had breastfed all of 
their children for at least 3 months, mothers who had not breastfed were more likely 
to have coronary artery calcification (17% compared with 32%), aortic calcification 
(17% compared with 39%), carotid plaque (10% compared with 18%), and larger 
carotid adventitial diameters (mean±standard deviation 6.63±0.59 compared with 
6.87±0.60 mm). After adjusting for measures of socioeconomic status and lifestyle 
and family history variables, mothers who had not breastfed remained more likely to 
have aortic calcification (odds ratio [OR] 3.85, 95% confidence interval [CI] 1.47–
10.00) and coronary artery calcification (OR 2.78, 95% CI 1.05–7.14) than mothers 
who had consistently breastfed. After further adjustment for body mass index and 
traditional risk factors for cardiovascular disease, mothers who had not breastfed 
remained more likely to have aortic calcification than mothers who had consistently 
breastfed (OR 5.26, 95% CI 1.47–20.00).

CONCLUSION: Mothers who do not breastfeed their infants seem to be at increased 
risk of vascular changes associated with future cardiovascular disease.

LEVEL OF EVIDENCE: II

Cardiovascular disease is the leading cause of death for U.S. women. As such, it is 
important to identify how behaviors, such as lactation, modify women's risk of 
cardiovascular disease. Lactation increases a mother's metabolic expenditure by an 

estimated 480 kcal/d.1 Mothers who do not breastfeed retain more weight in the 

postpartum period than women who do breastfeed.2 In addition, lactation improves 

insulin requirements,3 glucose tolerance,4 lipid metabolism,5 and C-reactive protein 

profiles in the postpartum period.6 Recently, a number of studies have indicated longer-

term effects of lactation,7,8 including a reduced risk of midlife metabolic syndrome9 and 

cardiovascular disease.10,11 However, the mechanisms through which lactation may 
decrease risk of cardiovascular disease remain unclear.

Early physiologic changes that increase future risk of cardiovascular disease can be 
detected by a variety of methods. For example, calcified atherosclerotic plaques can be 

quantified by electron beam tomography12 and have been prospectively linked to 

cardiovascular events,13,14 including stroke, incident coronary heart disease, and 
cardiovascular disease mortality. Carotid intima–media thickness and carotid adventitial 

diameter15 have also been used to identify patients at increased risk of cardiovascular 

disease.16,17 The goal of this study was to estimate the relation between lactation and 
several measures of subclinical cardiovascular disease, including coronary artery 
calcification, aortic calcification, carotid plaque, carotid adventitial diameter, and carotid 
intima–media thickness.
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MATERIALS AND METHODS

The Study of Women's Health Across the Nation (SWAN) is a community-based cohort 
study, conducted at seven sites in the United States, designed to characterize the 
menopausal transition. Details of study design and procedures have been reported 

previously.18 At enrollment (1996 to 1997), SWAN participants (n=3,302) were 42 to 52 
years of age, had an intact uterus and at least one ovary, were not pregnant or 
breastfeeding, and had menstruated within the prior 3 months. A subcohort of 
participants from the Pittsburgh and Chicago SWAN sites participated in SWAN-Heart, 
an ancillary study designed to describe cardiovascular risk during the menopausal 

transition. By design,18 the Pittsburgh and Chicago sites recruited only non-Hispanic 
white and African-American women. In addition, women were excluded from SWAN-
Heart if they used oral contraceptives or hormone replacement therapy in the 3 months 
before enrollment; reported pregnancy, hysterectomy, or bilateral oophorectomy; 
reported cardiovascular disease (history of myocardial infarction, angina, intermittent 
claudication, cerebral ischemia, or revascularization); or used medications for diabetes, 
hypertension, or heart arrhythmias. All eligible SWAN participants were invited to 
participate in SWAN-Heart; of these women, 76%, or a total of 608 women, completed 
the baseline SWAN-Heart examination once during SWAN study years 4 through 7 (2001 
to 2005) within 3 months of the corresponding annual core SWAN assessment. However, 
44 women who completed baseline SWAN-Heart examinations were subsequently found 
to be using hormone replacement therapy (n=29), to have had a vascular event (n=2), or 
to have had a hysterectomy (n=13), which made them ineligible for SWAN-Heart.

In addition, women were excluded from the present analyses if they had no history of live 
birth (n=53), if information was missing on their number of pregnancies (n=152), or if 
they had given birth between their baseline SWAN visit and baseline SWAN-Heart visit or 
we were missing information about pregnancy between visits (n=7). In addition, we 
excluded women missing computed tomography (CT) (n=31) or ultrasound information 
(n=21), or information on menopausal status (n=3). This produced a total of 297 women 
with baseline SWAN-Heart data that could be used for this analysis.

Participants completed a standard protocol at SWAN entry and annually thereafter, 
which included questionnaires, fasting blood specimens, anthropometric measures, and 
blood pressure readings.

Lactation history was assessed when women enrolled in SWAN by asking women who 
reported one or more live births, “If you breastfed, for how long did you breastfeed?” for 
each child. Complete lactation data were available for all women included in this analysis. 
Although prior studies have posited a linear relationship between lifetime duration of 

lactation and maternal health effects,10,11 we hypothesize that lactation has more effect on 
maternal health immediately postpartum, when women are recovering from pregnancy; 
however, the optimal duration of lactation after each birth with regard to maternal health 
is unknown. As such, we considered a woman to have “consistently breastfed” if she 
breastfed each of her children for 3 months or more, because under the 1993 Family and 
Medical Leave Act, U.S. working women are granted 12 weeks of unpaid time off to care 

for a newborn, with the guarantee of the same job when they return.19 Women who had 
breastfed any of their children for less than 3 months were considered to have 
“inconsistently breastfed.” In this analysis, we examined the impact of consistent, 
inconsistent, and no lactation on maternal measures of subclinical cardiovascular 
disease.
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Subclinical cardiovascular disease was measured at the SWAN-Heart baseline visit. 
Calcification of the aorta and coronary arteries was assessed by electron beam 
tomography with an Imatron C-150 Ultrafast CT scanner (Imatron, South San Francisco, 
CA) administered by a trained technician. All scans were scored centrally at the 

University of Pittsburgh as has been described previously.20 Calcification was considered 
present if at least three contiguous pixels showed more than 130 Hounsfield units. The 
coronary calcification score was obtained from the sum of the individual scores for the 
four major epicardial arteries. Aortic calcification produced one score. Image analysis was 
overseen by a single physician trained in electron beam CT to guarantee consistency in 
technologist readings.

Common carotid artery intima–media thickness was assessed by duplex scanning using a 
Toshiba SSA-270A scanner (Toshiba Corporation, Tokyo, Japan). Images were taken 
from the near and far walls of the distal common carotid artery, 1 cm proximal to the 
carotid bulb, and the lumen–intima interface and media–adventitia interface were 
electronically traced across a 1-cm segment. Common carotid artery adventitial diameters 
were measured directly as the distance from the adventitial–medial interface on the near 
wall to the medial–adventitial interface on the far wall at end-diastole. Plaque was 
defined as a focal area of increased thickening at least two times greater than that of 
adjacent areas. Replicate readings were performed on 20 scans from these women to 
evaluate reproducibility of the measures. The intraclass correlation was 0.98 for intima–
media thickness and 0.99 for adventitial diameter.

Race/ethnicity, education (less than or high school, some college/vocational, college 
degree or higher), and parity were assessed at the baseline SWAN interview. Physical 
activity was assessed at the baseline visit with a modified Kaiser Permanente Health Plan 

Activity Survey,21 a validated measure designed to assess physical activity among women. 
In addition, financial strain was assessed with the question, “How hard is it for you to pay 
for the very basics like food, housing, medical care, and heating? Would you say it is very 
hard, somewhat hard, or not very hard at all?” Daily dietary intakes of calories, dietary 
fiber, cholesterol, fat, and sodium and daily vitamin use were assessed using a food 

frequency questionnaire22 administered at the baseline SWAN examination. Family 
history of diabetes, myocardial infarction, and stroke was assessed at the second annual 
SWAN visit and included disease in the participant's mother, father, brother, or sister.

All other covariates were derived from the annual SWAN assessment closest in time to 
the baseline SWAN-Heart visit. Menopausal status was obtained annually by categorizing 
reported bleeding patterns over the preceding year as premenopausal/early 
perimenopausal (if a woman reported bleeding in the previous 3 months) or late 
perimenopausal/postmenopausal (if a woman reported more than 3 months of 

amenorrhea/12 months of amenorrhea). Perceived stress23 and depressed mood were 

measured annually using validated instruments.24 All lipid fractions were analyzed on 
ethylenediaminetetraacetic acid–treated plasma. Total cholesterol was analyzed by 
enzymatic methods. High-density lipoprotein (HDL) cholesterol was isolated using 
heparin-2M manganese chloride. Serum insulin was measured using radioimmunoassay 
(Coat-a-Count; Diagnostics Product Corp., Los Angeles, CA). Glucose was measured 
using a hexokinase-coupled reaction (Roche Molecular Biochemicals Diagnostics, 
Indianapolis, IN). Anthropometric measures (height, weight, systolic blood pressure, and 
diastolic blood pressure) were obtained annually by standard methods, with body mass 
index (BMI) calculated as weight in kilograms divided by height in meters squared.
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We used analysis of variance, Student t tests, and χ2 tests to examine whether 
sociodemographic characteristics or measures of subclinical cardiovascular disease varied 
by lactation history. Because of skewing of the distributions, aortic calcification score, 
coronary artery calcification score, and intima–media thickness were all dichotomized at 
less than or equal to and greater than the 75th percentile. Carotid plaque was modeled as 
present compared with absent. Multiple logistic regression was used to estimate the 
associations between lactation history and aortic calcification, coronary artery 
calcification, carotid plaque, and intima–media thickness. Adventitial diameter values 
were approximately normally distributed (as assessed with a Kolmogorov-Smirnov 
statistic), so multiple linear regression was used to estimate associations between 
lactation and adventitial diameter. All models initially included the covariates site, age, 
and number of live births. We then sequentially added covariates, including race, 
education, financial strain, lifestyle variables (smoking [current, yes compared with no], 
physical activity, diet [daily kilocalories, grams of fiber, milligrams of cholesterol, and 
sodium intake], and vitamin supplementation), depressed mood (modeled dichotomously 
as Center for Epidemiologic Studies Depression Scale scores of 16 or greater compared 
with less than 16), perceived stress (modeled continuously), menopausal status, family 
history (of diabetes, myocardial infarction, or stroke), BMI, and traditional 
cardiovascular risk factors (systolic blood pressure, triglycerides, total cholesterol, HDL, 
C-reactive protein, glucose, and insulin) to subsequent models. Covariates with right-
skewed distributions (eg, insulin, blood pressure) were natural log transformed for entry 
into regression models. Issues of collinearity were addressed by placing the measure most 
strongly associated with the outcome in the model (such as the inclusion of either systolic 
or diastolic blood pressure). Interactions of lactation history by age, race, and 
menopausal status were evaluated in all models, by entering a product term for the 
variable of interest and lactation history. Interaction statistics were considered significant 
if P<.05. Women with missing covariate data were dropped from analyses involving that 
covariate. Because the reference groups in the above analyses were women who never 
lactated, we performed similar analyses considering consistent lactation as the reference 
group, to formally test for differences in outcomes when women consistently or 
inconsistently lactated. Analyses were performed with SAS 9.2 (SAS Institute, Inc., Cary, 
NC). All tests were two-sided with statistical significance level at .05. The Institutional 
Review Board of the University of Pittsburgh and Rush University approved this study.

RESULTS

This analysis included 297 women aged 45–58 years with at least one live birth. 
Sociodemographic and lifestyle characteristics of the study participants, by lactation 
history, are shown in Table 1. Thirty-one percent of participating mothers reported no 
history of lactation. Women who did not breastfeed were more likely to be African 
American (53% compared with 37%, P=.001), were less likely to be college graduates 
(32% compared with 65%, P<.001), were more likely to smoke (20% compared with 12%, 
P=.05), and had significantly less dietary intake of fiber (9 compared with 12 g, P<.001) 
and higher intake of cholesterol, independent of caloric intake (224 compared with 207 
mg, P=.03) than women who ever lactated. Family history (of diabetes, myocardial 
infarction, or stroke) did not vary significantly by lactation history.
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Table 1 

On enrollment in SWAN-Heart, 38% of women were obese (BMI of 30 or higher). The 
average systolic blood pressure of mothers who had never breastfed was significantly 
higher than that of mothers who had (120 compared with 115 mm Hg, P=.01). Table 2 
shows other unadjusted cardiovascular characteristics of participants by lactation history. 
On average, women who consistently breastfed had less aortic calcification, coronary 
calcification, and carotid plaque; thinner intima–media thickness; and smaller adventitial 
diameters (Table 2).

Table 2 

Table 3 shows the effect of lactation on aortic calcification, coronary calcification, and 
carotid plaque, after adjusting for relevant covariates. Table 4 shows the relationship 
between lactation and two other measures of subclinical cardiovascular disease, 
adventitial diameter and intima–media thickness. After adjustment for age, parity, and 
study site, significant protective relationships were seen between lactation and multiple 
markers of subclinical cardiovascular disease, including aortic calcification, coronary 
calcification, and adventitial diameter. However, after adjustment for other lifestyle and 
family history variables, a significant association was only seen between aortic and 
coronary calcification and consistent lactation for 3 months or more postpartum. After 
adjusting for measures of socioeconomic status, and lifestyle and family history variables, 
mothers who had not breastfed remained more likely to have aortic calcification (odds 
ratio [OR] 3.85, 95% confidence interval [CI] 1.47–10.00) and coronary artery 
calcification (OR 2.78, 95% CI 1.05–7.14) than mothers who had consistently breastfed. 
Interestingly, the association between lactation and reduced aortic calcification persisted 
even after further adjustment for BMI as well as traditional cardiovascular risk factors, 
including systolic blood pressure, triglycerides, total cholesterol, HDL, C-reactive protein, 
glucose, and insulin. In these fully adjusted models, mothers who had not breastfed each 
remained more likely to have aortic calcification than mothers who had consistently 
breastfed (OR 5.26, 95% CI 1.47–20.00).

 
Table 3 

 
Table 4 

In analyses designed to estimate whether outcomes differed for mothers who consistently 
compared with inconsistently lactated, we found that mothers who inconsistently lactated 
were significantly more likely than mothers who consistently lactated to have coronary 
artery calcification (unadjusted OR 2.02, 95% CI 1.03–3.96). However, in multivariable 
models, there were no significant differences between mothers who reported consistent 
and inconsistent lactation.

Interactions of lactation history by age, race, and menopausal status were evaluated by 
entering a product term for the variable of interest and lactation history into all 
regression models. However, no significant interactions existed between any of these 
variables and lactation history for any of the outcomes examined.
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DISCUSSION

This study found that mothers who had not breastfed their infants were more likely to 
have vascular changes associated with an increased risk of cardiovascular disease. In 
particular, mothers who had not breastfed were significantly more likely to have aortic 
and coronary calcification than mothers who breastfed, even after adjusting for multiple 
sociodemographic, lifestyle, and family history variables. The relationship between 
lactation history and aortic calcification persisted even after additional adjustment for 
known risk factors for cardiovascular disease, such as body mass index, blood pressure, 
cholesterol, and glucose. These findings build on previous work that has shown that 

women who do not breastfeed are at greater risk of clinical cardiovascular disease,10,11 by 
providing insight in to the early effects of lactation on a mother's body.

Although we found that, after adjusting for age, parity, study site, lifestyle, and family 
history variables, mothers who had consistently breastfed their children were 
significantly less likely to have coronary artery calcification than mothers who did not 
breastfeed, after further adjustment for BMI and traditional cardiovascular risk factors, 
this relationship was no longer significant; however, the effect sizes remained similar. 
The wider CIs around effect estimates in successively more complex models likely reflect 
a loss of power with diminishing sample size due to exclusion of participants with missing 
data. Perhaps, if this study had included more women, or women with symptomatic 
cardiovascular disease among whom coronary artery calcification would have been more 
prevalent, more significant relationships between lactation and coronary artery 
calcification would have also been identified. In women, aortic calcification appears 
earlier than coronary artery calcification, and thus may be a more sensitive indicator of 

subclinical cardiovascular disease than coronary artery calcification.25 However, a 

previous Dutch study26 found no significant association between coronary calcification 
and whether a woman had ever compared with never breastfed.

Previous studies have demonstrated that lactation has beneficial effects on blood 

pressure,27 risk of developing diabetes,7,8 and lipid metabolism.9 It is known that fat 

stores accumulate during pregnancy,28 and prior studies have shown that in populations 

where breastfeeding is rare, pregnancy may increase risk of cardiovascular disease.29 It 
has been hypothesized that lactation may reduce cardiovascular risk by mobilizing 
accumulated fat stores. However, our finding that women who consistently breastfed 
were less likely to have aortic calcification, even after adjustment for BMI category, and 
other known risk factors for cardiovascular disease indicates that lactation does more 
than simply reduce a woman's fat stores. Hormonal effects, such as those of prolactin and 
oxytocin, may have long-term effects on cardiovascular profiles. Recent studies have 

found that increased prolactin levels are associated with increased blood pressure30 and 

accelerated preclinical atherosclerosis.31 In contrast, oxytocin has been associated with 

lower blood pressure and vascular resistance during stress.32

Strengths of this study include the racially diverse group of women who participated in 
SWAN-Heart. However, our findings must be interpreted with the understanding that all 
observational studies may be subject to residual confounding, and that the relatively 
small sample size provided limited power for some analyses. Duration of lactation was 
self-reported. The measure of lactation used in this study does not allow estimation of the 
intensity or exclusivity with which women breastfed their infants. It is possible that more 
powerful effects would be seen with exclusive breastfeeding. Recall or reporting bias may 
have led to some misclassification of women's lactation history. Prior research has found 
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that women with shorter durations of lactation tended to overreport, whereas women 

with longer durations tended to underreport.33 Presuming this misclassification is 
nondifferential with respect to the outcomes examined, it would attenuate estimates of 
associations between duration of lactation and later health. Nonetheless, we observed 
significant associations between a history of lactation and aortic and coronary 
calcification, both markers of subclinical cardiovascular disease. The use of a complete 
case approach to missing data may also potentially bias our findings because changes in 
apparent associations may reflect differences in the composition of the study population 
between univariable and multivariable models (especially when many women were 
dropped as was the case when we adjusted for known risk factors for cardiovascular 
disease), rather than differences due to adjustment for confounders. Some have 
hypothesized that women who are able to prolong breastfeeding may lead “less stressful” 

lives, which may decrease their risk of cardiovascular disease.34 Notably, the association 
between consistent lactation and aortic and coronary calcification persisted after we 
controlled for factors associated with lower socioeconomic status (education, income, 
race, parity, and tobacco use), as well as measures of depressed mood and perceived 
stress. However, it remains possible that some aspects of life stress may remain 
unmeasured and that residual confounding may explain some of this study's findings. In 
addition, studies have linked obesity and insulin resistance to difficulties with 

breastfeeding,35 suggesting that decreased duration of lactation could be a marker for an 
existing abnormal metabolic profile. Further studies are therefore needed to assess the 
impact of lactation on women with known cardiovascular profiles.

In conclusion, this study shows that women who do not breastfeed their children may be 
at increased risk of aortic and coronary calcification and thus subsequent cardiovascular 

disease. These findings support recommendations36 that women breastfeed their infants 
in the interest of both maternal and child health.
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