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ORIGINAL RESEARCH

Breastfeeding and Later- Life 
Cardiometabolic Health in Women With 
and Without Hypertensive Disorders of 
Pregnancy
Maria C. Magnus, PhD*; McKenzie K. Wallace , PhD; Jill R. Demirci, PhD; Janet M. Catov , PhD;  
Mandy J. Schmella , PhD*; Abigail Fraser , PhD*

BACKGROUND: Breastfeeding is associated with improved cardiometabolic profiles decades after pregnancy. Whether this as-
sociation exists for women who experience hypertensive disorders of pregnancy (HDP) is unknown. The authors examined 
whether breastfeeding duration or exclusivity are associated with long- term cardiometabolic health, and whether this relation-
ship differs by HDP status.

METHODS AND RESULTS: Participants (N=3598) were from the UK ALSPAC (Avon Longitudinal Study of Parents and Children) 
cohort. HDP status was assessed by medical record review. Breastfeeding behaviors were assessed by contemporaneous 
questionnaires. Breastfeeding duration was categorized as never, <1, 1 to <3, 3 to <6, 6 to <9, and 9+ months. Breastfeeding 
exclusivity was categorized as never, <1, 1 to <3, and 3 to 6 months. Measures of cardiometabolic health (body mass index, 
waist circumference, C- reactive protein, insulin, proinsulin, glucose, lipids, blood pressure, mean arterial pressure, carotid 
intima- media thickness, and arterial distensibility) were measured 18 years after pregnancy. Analyses were conducted using 
linear regression adjusting for relevant covariates. Breastfeeding was associated with improved cardiometabolic health (lower 
body mass index, waist circumference, C- reactive protein, triglycerides, insulin, and proinsulin) in all women, but not for every 
breastfeeding duration. Interaction tests revealed additional benefits in women with a history of HDP, with the strongest ben-
efit observed in the 6-  to 9- month breastfeeding category (diastolic blood pressure, −4.87 mm Hg [95% CI, −7.86 to −1.88], 
mean arterial pressure −4.61 [95% CI, −7.45 to −1.77], and low- density lipoprotein cholesterol, −0.40 mmol/L [95% CI, −0.62 
to −0.17 mmol/L]). Differences in C- reactive protein and low- density lipoprotein “survived” Bonferroni correction (P<0.001). 
Similar results were observed in the exclusive breastfeeding analyses.

CONCLUSIONS: Breastfeeding may be a mechanism to reduce the cardiovascular disease sequela associated with HDP; how-
ever, there is a need to establish whether associations reflect a causal effect.

Key Words: breastfeeding ■ cardiometabolic health ■ cardiovascular disease ■ hypertensive disorders of pregnancy ■ preeclampsia

Cardiovascular disease (CVD) is the leading cause of 
death for women across the globe.1– 3 Women who 
experience hypertensive disorders of pregnancy 

(HDP) have an increased risk of CVD- related morbidity 
and mortality.4 HDP, including preeclampsia, superim-
posed preeclampsia, and gestational hypertension, 

complicate up to 15% of pregnancies.5 Women who 
experience HDP have a 2-  to 3- fold higher lifetime risk 
for development of and death from hypertension, stroke, 
and other CVDs compared with women who are normo-
tensive during pregnancy.4,6– 8 Despite the known excess 
risk of CVD associated with HDP, effective interventions 
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to mitigate the increased CVD risk in women with a his-
tory of HDP are lacking.

Breastfeeding is associated with both short-  and 
long- term cardiometabolic health benefits in women 
with uncomplicated pregnancies. In women with un-
complicated pregnancies, those who breastfed lon-
ger than 3 months had more favorable cholesterol, 
glucose, and insulin resistance profiles at 1 year post-
partum compared with those who did not breastfeed 
or breastfed for <3 months.9– 11 There is also evidence 
from cohort studies that breastfeeding for at least 
6 months is associated with lower blood pressure (BP), 
appropriate- range lipid profiles, and lower rates of type 
2 diabetes, metabolic syndrome, and aortic and coro-
nary calcification decades after pregnancy.12– 15

Studies that have investigated the long- term associ-
ations between breastfeeding and maternal cardiomet-
abolic health have been primarily conducted in the 
context of uncomplicated pregnancies. One previous 
study with long- term follow- up found that some breast-
feeding compared with no breastfeeding was associ-
ated with a beneficial effect (lower diastolic BP [DBP] 
and lower carotid intima- media thickness) for women 
with a history of HDP, but not to the same extent ob-
served in women with uncomplicated pregnancies.16 
Given the sparse evidence investigating the associ-
ations between breastfeeding and cardiometabolic 

health in women with a history of HDP, the objective 
of this study was to examine whether associations be-
tween breastfeeding intensity (duration and exclusiv-
ity) and cardiometabolic health varied according to the 
presence/absence of HDP.

METHODS
Requests to access the data set may be submitted to 
the ALSPAC executive committee at the University of 
Bristol, see https://propo sals.epi.brist ol.ac.uk.

Avon Longitudinal Study of Parents and 
Children
We studied women participating in ALSPAC (Avon 
Longitudinal Study of Parents and Children). ALSPAC 
is a prospective population- based pregnancy cohort 
study that recruited 13 761 women residing in the for-
mer Avon Health Authority in England who gave birth 
to 14 541 children between April 1991 and December 
1992.17 Detailed information on ALSPAC is available at 
(http://www.brist ol.ac.uk/alspac). Ethical approval for 
this analysis was obtained from the ALSPAC Ethics 
and Law Committee and the Local Research Ethics 
Committees. ALSPAC participants provided informed 
consent before ALSPAC participation. Of the 13 606 
women with singleton pregnancies participating in the 
cohort, 4423 completed a clinical follow- up examina-
tion (≈18 years after pregnancy) between December 
2008 and July 2011. Of the women who completed 
this follow- up examination, 3659 were normotensive 
before pregnancy and had available data regarding 
breastfeeding and hypertensive disorders during the 
index pregnancy. Of the 3659 eligible women, 3598 re-
ported consistent information about their breastfeed-
ing history (never versus any) across questionnaires 
administered at 6 months postpartum and 15 months 
postpartum and were included in our study population 
(Figure). The index pregnancy is the pregnancy that 
occurred during ALSPAC participation between April 
1991 and December 1992.

Breastfeeding Duration
Participants completed questionnaires about breast-
feeding behaviors at 6 months and 15 months post-
partum. At 6 months postpartum, participants were 
asked, “Did you breastfeed?” Participant response op-
tions were “yes, I am still breastfeeding,” “yes, I breast-
fed but have now stopped,” and “I never breastfed.” If 
participants answered that they had stopped breast-
feeding, they reported the infant’s age in months at 
which they had stopped breastfeeding. At 15 months 
postpartum, participants were asked the same ques-
tion. Duration of any breastfeeding was defined as 

CLINICAL PERSPECTIVE

What Is New?
• Any breastfeeding is associated with improved 

cardiometabolic outcomes in women with and 
without a history of hypertensive disorders of 
pregnancy 18 years after pregnancy.

• Any breastfeeding is associated with greater 
blood pressure and cholesterol benefits for 
women with a history of hypertensive disorders 
of pregnancy 18 years after pregnancy.

What Are the Clinical Implications?
• Women experiencing a hypertensive disorder of 

pregnancy should receive support and encour-
agement to breastfeed to potentially reduce 
long- term cardiovascular disease risk.

Nonstandard Abbreviations and Acronyms

ALSPAC Avon Longitudinal Study of Parents 
and Children

SBP systolic blood pressure
WC waist circumference

https://proposals.epi.bristol.ac.uk
http://www.bristol.ac.uk/alspac
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the infant’s age, in months, at which breastfeeding 
was stopped. We categorized the duration of any 
breastfeeding as never, <1 month, 1 to <3 months, 3 
to <6 months, 6 to <9 months, and 9+ months. At the 
6- month questionnaire, participants were also asked, 
“Has your baby ever had the following: bottle of or-
dinary baby milk, powdered follow- on milk, soy milk, 
goat’s milk, hypoallergenic milk, cow’s milk?” For each 
type of milk, participants reported the age that the 
infant received the milk source. Duration of exclusive 
breastfeeding was defined as the number of months 
the participant reported breastfeeding before the in-
troduction of infant formula or other milk as assessed 

on the 6- month questionnaire. We defined duration of 
exclusive breastfeeding as never breastfed, <1, 1 to 
<3, and 3 to 6 months. Never breastfeeding was the 
same group of participants for the any and exclusive 
analyses, and refers to participants who never breast-
fed at any point in the postpartum period of the index 
pregnancy.

Hypertensive Disorders During Pregnancy
Preexisting hypertension (before pregnancy) was ob-
tained by self- report at recruitment (≈12 weeks ges-
tation). HDP diagnoses (gestational hypertension or 
preeclampsia) were derived from BP and proteinuria 

Figure.  Flow diagram of the study population and analytic sample.
ALSPAC indicates Avon Longitudinal Study of Parents and Children.
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measurements within the antenatal health record and 
defined according to the International Society for the 
Study of Hypertension in Pregnancy 2001 guidelines.18 
Participants without preexisting hypertension were 
classified as having gestational hypertension if they 
had a systolic BP (SBP) ≥140 mm Hg and/or a DBP 
≥90 mm Hg on at least 2 occasions first occurring after 
20 gestational weeks. Preeclampsia was defined as 
gestational hypertension in combination with proteinu-
ria (≥0.3 g/d).

Cardiometabolic Health
Approximately 18 years after the index pregnancy, par-
ticipants took part in a clinical examination conducted 
by trained study nurses, which included measurements 
of cardiometabolic health outcomes. Details about the 
collection of cardiometabolic health outcomes have 
been previously described in detail.8,17,19 Briefly, weight, 
height (used to calculate body mass index [BMI]), and 
waist circumference (WC) were measured with par-
ticipants wearing light clothing and without shoes. 
BP was measured while participants were lying down 
using an Omron M6 monitor (Omron Healthcare UK 
Ltd). Two readings of SBP and DBP were recorded on 
each arm, and the mean of these 4 readings was used 
in analyses. Mean arterial pressure (MAP) was calcu-
lated as MAP=DBP+(SBP– DBP)/3. Fasting blood sam-
ples were obtained, centrifuged, separated, and frozen 
at −80 °C within 30 minutes. Plasma insulin and proin-
sulin were measured by enzyme- linked immunosorb-
ent assays (Mercodia). Plasma glucose was measured 
by automated enzymatic (hexokinase) method. Lipids 
were measured by automated analyzer with enzymatic 
methods. CRP (C- reactive protein) was measured by 
automated particle- enhanced immunoturbidimetric 
assay (Roche UK). Left and right common carotid 
artery measurements were assessed by ultrasound. 
Carotid intima- media thickness and arterial distensibil-
ity were calculated as previously described.19

Covariates
Participant race (White, Black, other), marital status 
(yes/no), manual social class (yes=partly skilled or un-
skilled occupation; no=professional, managerial/tech-
nical, or skilled occupation), university level education 
(yes/no), prepregnancy BMI (calculated from height and 
weight) (continuous), gravidity (primigravida; yes/no), 
and smoking at recruitment (yes/no) were assessed 
by questionnaires administered to participants during 
the index pregnancy. For the index pregnancy, infor-
mation on maternal age at infant’s birth (continuous), 
preterm birth status (gestational age <37 completed 
weeks), and presence of gestational diabetes (yes/
no) were obtained from obstetric records. At the clini-
cal examination (≈18 years after the index pregnancy), 

self- reported information on the use of antihyperten-
sives, cholesterol- lowering agents, and diabetes medi-
cations was collected.

Statistical Analysis
All analyses were conducted using Stata version 15 
(StataCorp, LLC). χ2 tests were used to assess for 
differences in participant demographics and clinical 
characteristics, as well as for differences in length of 
breastfeeding by HDP status. We used linear regres-
sion to estimate differences in the measures of cardio-
metabolic health according to the duration of any and 
exclusive breastfeeding. We natural log transformed 
glucose, insulin, proinsulin, and CRP for all analyses. 
For these outcomes, we show the percent change in 
the outcomes according to the duration of breastfeed-
ing. Other outcomes were evaluated on their original 
scale. Multivariable analyses were adjusted for ma-
ternal age at delivery, race, prepregnancy BMI, parity, 
smoking, marital status, manual occupational social 
class, and university education. BP outcomes were 
further adjusted for the use of antihypertensive medi-
cations. Glucose, insulin, and proinsulin were adjusted 
for the use of diabetes medications. Low- density lipo-
protein cholesterol (LDL- C) and high- density lipoprotein 
cholesterol (HDL- C) were also adjusted for cholesterol- 
lowering agents.

We tested for interactions between HDP and du-
ration of any and exclusive breastfeeding by duration 
category on cardiometabolic health outcomes by in-
cluding product terms in our regression analysis. We 
present stratified associations according to the pres-
ence of HDP for outcomes for which there was evi-
dence of an interaction (P<0.05). We also conducted 
a sensitivity analysis excluding any participants who 
had a preterm delivery to assess whether differences 
in cardiometabolic outcomes in the HDP group were 
related to severity of the HDP, for which preterm birth 
is a proxy. Additionally, we used inverse probability 
weighting to examine the potential role of selection bias 
attributable to the participation rate at the follow- up ex-
amination.20 We estimated the probability of attending 
the follow- up visit 18 years after recruitment according 
to age, parity, race, marital status, social class, educa-
tional level, self- reported prepregnancy BMI, smoking 
status, HDP, and preterm birth in the index pregnancy, 
and used these to weight analyses. Results with 95% 
CIs are reported. To account for multiple testing, we 
applied a Bonferroni correction (adjusted level of sig-
nificance=0.001), which was based on the following 
number of tests: 14 outcomes×2 exposures×2 inter-
actions. In our results section, we indicate which esti-
mates “survived” the more stringent P value threshold. 
Pairwise correlations for the cardiometabolic outcomes 
are presented in Table S1, for completion.
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RESULTS
Maternal characteristics at the index pregnancy strati-
fied by duration of any breastfeeding category are re-
ported in Table  1. Participants who breastfed longer 
were older, more likely to be married, less likely to be 
of manual occupational social class, more likely to 
have a university education, had a lower self- reported 
prepregnancy BMI, and were less likely to be primi-
gravid, to smoke at recruitment, and to have developed 
HDP (Table 1). Those who attended the 18- year clinical 
follow- up versus those who did not attend were— at 
the time of recruitment during the index pregnancy— 
older, more likely to be married, less likely to be of a 
manual social class, more likely to have a university- 
level education, have a lower prepregnancy BMI, less 
likely to smoke during pregnancy, have HDP, and have 
had a preterm birth (Table  S2). Overall, participants 
who had HDP reported a shorter duration of both any 
and exclusive breastfeeding than those with normo-
tensive pregnancies, with 17.6% of participants with 
HDP never breastfeeding compared with 13.6% for 
participants without HDP (Table 2).

Relationship Between Duration of Any 
Breastfeeding and Cardiometabolic 
Outcomes at 18- Year Follow- Up
Results for outcomes for which there was no evi-
dence of an interaction between HDP and duration of 
any breastfeeding are shown in Table 3 for the whole 
study sample (ie, regardless of HDP status). Before ac-
counting for multiple testing, (ie, at the 5% significance 
level), duration of any breastfeeding was associated 
with lower BMI, WC, triglycerides, insulin, proinsulin, 
and higher HDL- C after multivariable adjustment, but 
the evidence was weak, with 95% CIs crossing the 
null value for some breastfeeding categories. Duration 
of any breastfeeding in all categories was associated 
with lower CRP, with breastfeeding for 6 months, or 
longer, remaining significant after Bonferroni correction 
(P<0.001; Table 3). Breastfeeding for 6 to <9 months 
and 9+ months was consistently associated with more 
favorable cardiometabolic outcomes before account-
ing for multiple testing. Breastfeeding for 6 to <9 months 
was associated with a 0.55- kg/m2 (95% CI, 0.15– 0.96 
kg/m2) lower BMI, 1.32- cm (95% CI, 0.25– 2.40 cm) 
smaller WC, 25.50% (95% CI, 11.97%– 39.04%) lower 
CRP, 10.59% (95% CI, 3.40%– 17.77%) lower insulin, 
0.07- mmol/L (95% CI, 0.03– 0.12 mmol/L) higher HDL- 
C, 0.07- mmol/L (95% CI, 0.01– 0.13) lower triglycerides, 
and 8.26% (95% CI, 1.69%– 14.84%) lower proinsulin. 
However, after Bonferroni correction, the only surviv-
ing associations were between breastfeeding duration 
6 to <9 month and CRP. Breastfeeding 9+ months was 
associated with 0.49- kg/m2 (95% CI, 0.11– 0.87 kg/m2) 
lower BMI, 1.25- cm (95% CI, 0.25– 2.26 cm) smaller 

WC, 20.93% (95% CI, 8.63%– 33.23%) lower CRP, 
0.08- mmol/L (95% CI, 0.02– 0.14 mmol/L) lower triglyc-
erides, 6.77% (95% CI, 0.17%– 13.37%) lower insulin, 
and 7.21% (95% CI, 1.06%– 13.35%) lower proinsulin. 
Only the lower CRP levels remained significant after 
Bonferroni correction. There was no relationship be-
tween duration of breastfeeding and SBP, arterial dis-
tensibility, or carotid intima- media thickness regardless 
of the P value threshold used (Table 3). Corresponding 
P values are available in Table S3.

Table 4 presents results stratified by HDP for out-
comes for which there was evidence of an interaction 
between HDP and breastfeeding duration at P<0.05. 
Corresponding P values are available in Table  S4. 
Interaction test P values are noted in Table  S5. In 
women with HDP, DBP, MAP, LDL- C, and glucose 
were lower among those who breastfed, although 
associations were not found for all breastfeeding du-
ration categories. Among women diagnosed with an 
HDP, breastfeeding for 6 to <9 months was associ-
ated with the strongest benefit, with a 4.87- mm Hg 
(95% CI, 1.88– 7.86 mm Hg) lower DBP, 4.61 (95% 
CI, 1.77– 7.45) lower MAP, and 0.40- mmol/L (95% CI, 
0.17– 0.62 mmol/L) lower LDL- C. After accounting for 
multiple comparisons, the finding related to LDL- C re-
mained statistically significant. Among women diag-
nosed with an HDP, breastfeeding for 1 to <3 months 
was associated with a 3.11 (95% CI, 0.17– 6.04) lower 
MAP, 0.27- mmol/L (95% CI, 0.04– 0.50 mmol/L) lower 
LDL- C, and 4.78% (95% CI, 0.59– 8.98) lower glucose; 
however, only the difference in LDL- C remained statisti-
cally significant after Bonferroni correction. In contrast, 
no associations between duration of breastfeeding 
and DBP, MAP, LDL- C, and glucose were observed 
in women without HDP (Table 4). The distributions of 
the cardiometabolic outcomes according to duration 
of any breastfeeding are shown in Table S6. Tables S7 
and S8 show P values from the test for a linear trend 
across breastfeeding categories. The unadjusted re-
sults are shown in Tables S9 and S10.

Relationship Between Duration 
of Exclusive Breastfeeding and 
Cardiometabolic Outcomes at 18 Years of 
Follow- Up
Associations between duration of exclusive breast-
feeding and cardiometabolic outcomes were similar 
to those observed for any breastfeeding and cardio-
metabolic outcomes. As seen with duration of any 
breastfeeding, all categories of exclusive breastfeed-
ing compared with never breastfed were associated 
with lower concentrations of CRP; lower concentra-
tions of CRP observed in the 1 to <3 months and 3 to 
<6 months categories for exclusive breastfeeding sur-
vived Bonferroni correction (Table S11). Corresponding 
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P values are available in Table S12. Exclusive breast-
feeding for 3 to 6 months compared with never breast-
fed was associated with a smaller WC and lower BMI, 
but these associations did not remain after Bonferroni 
correction. Exclusive breastfeeding for 1 month or 
longer was associated with improved HDL- C, lower tri-
glycerides, and lower insulin, but these differences did 
not remain statistically significant after Bonferroni cor-
rection. As seen with any breastfeeding, there was no 
evidence of associations between duration of exclusive 
breastfeeding and SBP, arterial distensibility, and ca-
rotid intima- media thickness (Table S11).

For comparison, we show stratified results accord-
ing to HDP for outcomes that showed evidence of an 
interaction with duration of any breastfeeding as de-
scribed above (DBP, MAP, LDL- C, and glucose), with 
interaction tests shown in Table  S13. All exclusive 
breastfeeding categories were associated with lower 
LDL- C, but the association remained statistically signif-
icant after Bonferroni correction only for patients who 
exclusively breastfed for 3 to <6 months (Table  S14). 
Exclusive breastfeeding for 1 to <3 months was as-
sociated with lower DBP and lower blood glucose in 
women with HDP. Exclusive breastfeeding for 1 to 
<3 months and 3 to 6 months was associated with 
lower MAP in women with HDP. These differences did 
not remain statistically significant after accounting for 
multiple testing (Table  S14). Corresponding P values 
are available in Table S15. Unadjusted results are pre-
sented in Tables S16 and S17.

Sensitivity Analyses
Because severity of HDP may influence breastfeeding 
initiation and duration, we assessed whether breast-
feeding rates differed for those with preterm HDP (a 
proxy for severity of HDP) and those with term HDP. 
The proportion of individuals with any breastfeeding 
for 3 months or less was similar between participants 
with HDP only and those with HDP and preterm birth 
(Table S18). The proportion of participants who never 
breastfed was slightly higher among participants with 
HDP only (17.8%) compared with those who experi-
enced an HDP and preterm birth (14.7%). Sensitivity 
analyses excluding all preterm births largely indicated 
that the relationships between breastfeeding and cardi-
ometabolic outcomes excluding all preterm births were 
similar to the results reported above that included all 
participants, indicating that preterm birth status did not 
contribute to our findings (results not shown). Inverse 
probability weighting analyses to assess for potential 
selection bias related to which individuals participated 
in the clinical follow- up visit also yielded similar find-
ings (Tables S18– S22). We also conducted a sensitivity 
analysis stratified with parity of 1 and >1. The results 
were largely similar, indicating that our findings are C
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likely not attributable to residual confounding by parity 
(Tables S23– S30).

DISCUSSION
Our results suggest that duration of any breastfeeding 
is associated with improved BMI, WC, CRP, HDL- C, tri-
glycerides, insulin, and proinsulin in women regardless 
of their history of HDP almost 2 decades after preg-
nancy. In women with a history of HDP, an additional 
benefit was observed— any breastfeeding duration was 
associated with DBP, MAP, LDL- C, and glucose. The 
improved cardiometabolic benefits were most strongly 
observed in those who breastfed for 6 to <9 months, 
with associations for lower CRP and LDL- C remaining 

statistically significant even at the Bonferroni- corrected 
significance level. The additional benefit observed in 
women with a history of HDP is especially important 
given the increased risk for CVD, including hyperten-
sion, among women with a history of HDP.4 We ob-
served similar relationships between the duration of 
exclusive breastfeeding and cardiometabolic health as 
was observed between any breastfeeding and cardio-
metabolic health.

We did not observe a dose- dependent response 
between duration of any breastfeeding and cardiomet-
abolic outcomes as we had expected. This could be 
attributable to misclassification of breastfeeding dura-
tion caused by recall bias or the fact that our char-
acterization of duration did not capture breastfeeding 

Table 2. Duration of Breastfeeding According to Presence of HDP

Breastfeeding 
outcome Category Total sample (N=3598) No HDP (n=3069) HDP (n=529) P value

Any breastfeeding 
duration

Never 509 (14.2) 416 (13.6) 93 (17.6) 0.002

<1 mo 317 (8.8) 270 (8.8) 47 (8.9)

1 to <3 mo 428 (11.9) 350 (11.4) 78 (14.7)

3 to <6 mo 653 (18.2) 569 (18.5) 84 (15.9)

6 to <9 mo 651 (18.1) 551 (18.0) 100 (18.9)

9+ mo 1040 (28.9) 913 (29.8) 127 (24.0)

Exclusive breastfeeding 
duration

Never 509 (14.2) 416 (13.6) 93 (17.6) 0.006

0 to <1 mo 871 (24.2) 734 (23.9) 137 (25.9)

1 to <3 mo 831 (23.1) 707 (23.8) 124 (23.3)

3– 6 mo 1387 (38.6) 1212 (39.5) 175 (33.1)

Values are expressed as number (percentage). HDP indicates hypertensive disorders of pregnancy.

Table 3. Adjusted Associations of Duration of Any Breastfeeding With Measures of Cardiometabolic Health

<1 mo 1 to <3 mo 3 to <6 mo 6 to <9 mo 9+ mo

Mean difference  
(95% CI)

Mean difference  
(95% CI)

Mean difference  
(95% CI)

Mean difference  
(95% CI)

Mean difference  
(95% CI)

BMI, kg/m2 −0.29 (−0.76 to 0.18) −0.39 (−0.82 to 0.05) −0.14 (−0.54 to 0.26) −0.55 (−0.96 to −0.15)* −0.49 (−0.87 to −0.11)*

WC, cm −0.31 (−1.57 to 0.95) −1.22 (−2.38 to −0.06)* −0.55 (−1.61 to 0.51) −1.32 (−2.40 to −0.25)* −1.25 (−2.26 to −0.25)*

SBP, mm Hg −0.50 (−2.16 to 1.16) −1.31 (−2.84 to 0.22) −0.01 (−1.40 to 1.38) −0.35 (−1.77 to 1.07) −1.02 (−2.35 to 0.30)

Arterial 
distensibility, mm

−0.00 (−0.02 to 0.01) 0.01 (−0.01 to 0.02) −0.00 (−0.01 to 0.01) 0.00 (−0.01 to 0.02) 0.00 (−0.01 to 0.02)

CMIT, mm −0.01 (−0.02 to 0.00) −0.00 (−0.01 to 0.00) 0.00 (−0.01 to 0.01) 0.00 (−0.00 to 0.01) −0.00 (−0.01 to 0.01)

CRP, % change −17.12 (−32.76 to −1.47)* −18.61 (−33.08 to −4.15)* −19.87 (−32.89 to −6.84)* −25.50 (−39.04 to −11.97)† −20.93 (−33.23 to −8.63)†

HDL- C, mmol/L −0.01 (−0.07 to 0.04) 0.07 (0.02 to 0.12)* 0.02 (−0.02 to 0.07) 0.07 (0.03 to 0.12)* 0.04 (−0.00 to 0.08)

Triglycerides, 
mmol/L

−0.03 (−0.11 to −0.04) −0.10 (−0.17 to −0.03)* −0.02 (−0.08 to 0.04) −0.07 (−0.13 to −0.01)* −0.08 (−0.14 to −0.02)*

Insulin, % change −1.44 (−9.77 to 6.89) −9.77 (−17.69 to −1.84)* −1.41 (−8.54 to 5.72) −10.59 (−17.77 to −3.40)* −6.77 (−13.37 to −0.17)

Proinsulin, % 
change

−1.19 (−9.11 to 6.37) −5.88 (−13.17 to 1.41) 0.71 (−5.78 to 7.21) −8.26 (−14.84 to −1.96)* −7.21 (−13.35 to −1.06)*

Reference group=participants who never breastfed. All outcomes were adjusted for age at delivery, race, prepregnancy body mass index (BMI), parity, 
smoking, marital status, manual occupational social class, university education, and gestational diabetes. Blood pressure outcomes were further adjusted 
for use of antihypertensive medications. Glucose, insulin, and proinsulin outcomes were further adjusted for diabetes medications. High- density lipoprotein 
cholesterol (HDL- C) outcomes were further adjusted for cholesterol- lowering medications. CMIT indicates carotid intima- media thickness; CRP, C- reactive 
protein; SBP, systolic blood pressure; and WC, waist circumference.

*P<0.05.
†P<0.001 (Bonferroni correction).
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intensity (eg, frequency and volume of breastfeeding) 
that may impact our outcomes of interest. For exam-
ple, individuals who breastfeed a few times a day and 
individuals who provided the majority of their child’s 
nutritional intake from breastmilk, who both reported 
breastfeeding cessation at 9 months, are treated the 
same in the analysis. Relatedly, this may explain why 
6 to 9 months more strongly associated with car-
diometabolic outcomes than breastfeeding for longer 
than 9 months. Breastfeeding is recommended as 
the main nutritional source until 6 months of age, but 
after 6 months, families introduce solid foods at vary-
ing rates.21 As time goes on, infants are likely to get 
more of their nutritional support from foods besides 
breastmilk, and breastfeeding frequency and duration 
of breastfeeding sessions may decline. Women in the 
longest breastfeeding duration category likely had a 
wide range in frequency of breastfeeding when breast-
feeding for more than 9 months, which may explain in 
part why we did not see an additional benefit in the 
9+ month cohort compared with the 6-  to 9- month 
cohort.

During pregnancy, a physiologic shift occurs that 
leads to increased blood volume, increased maternal fat 
stores, elevated lipids, and increased insulin resistance 
to support the growth and developmental needs of the 
fetus.22,23 According to the metabolic reset hypothe-
sis, breastfeeding triggers a substantial metabolic shift 
back to the prepregnancy state. The metabolic shift 
mobilizes pregnancy- accumulated fat stores to sup-
port the caloric demands of milk production, resulting 

in improved lipid profiles, improved insulin resistance, 
and weight loss.22 If the metabolic shift of pregnancy 
is not reversed after birth, the physiologic atherogenic 
state of pregnancy persists and increases risk for car-
diometabolic diseases such as hypertension, hyper-
cholesteremia, and type 2 diabetes.24 It has also been 
hypothesized that oxytocin, a key hormone that reg-
ulates lactation, promotes vascular homeostasis that 
results in decreased SBP and DBP.25,26 The alterna-
tive metabolic preset hypothesis postulates that pre-
pregnancy cardiometabolic health factors impact the 
capacity for successful lactation/milk production and 
thus the initiation and duration of lactation, which may 
drive the observed association between breastfeeding 
and mothers’ postpartum cardiometabolic health.24 
Our findings that breastfeeding was associated with 
improved cardiometabolic outcomes after adjusting 
for prepregnancy BMI and cardiometabolic medication 
use support the metabolic reset hypothesis.

Future studies should also consider investigating 
other mechanisms that may contribute to relationships 
between breastfeeding and maternal cardiometabolic 
outcomes. For example, it is unclear whether there 
are differences in cardiometabolic outcomes among 
individuals who primarily breastfeed directly at breast 
(with potential for increased oxytocin surge with skin- 
to- skin contact) versus those who feed their pumped/
expressed milk. Recent studies have also begun to in-
vestigate the inverse relationship between vasopressin 
and oxytocin in breastfeeding women, as vasopressin 
and oxytocin compete for receptors and have different 

Table 4. Adjusted Associations of Duration of Any Breastfeeding With DBP, MAP, LDL- C, and Glucose Stratified by 
Presence of HDP

<1 month 1 to <3 months 3 to <6 months 6 to <9 months 9+ months

Mean difference  
(95% CI)

Mean difference  
(95% CI)

Mean difference  
(95% CI)

Mean difference  
(95% CI)

Mean difference  
(95% CI)

No HDP

DBP, mm Hg −0.21 (−1.74 to 1.32) −1.30 (−2.72 to 0.12) −0.02 (−1.31 to 1.26) −0.28 (−1.59 to 1.03) −1.18 (−2.40 to 0.05)

MAP −0.13 (−1.60 to 1.33) −1.19 (−2.56 to 0.17) 0.25 (−0.97 to 1.48) −0.07 (−1.33 to 1.19) −0.95 (−2.12 to 0.23)

LDL- C, mmol/L 0.03 (−0.10 to 0.16) 0.01 (−0.11 to 0.13) 0.01 (−0.10 to 0.12) −0.05 (−0.16 to 0.06) −0.05 (−0.15 to 0.05)

Glucose, 
% change

−0.27 (−1.92 to 1.38) −0.77 (−2.36 to 0.82) 0.84 (−0.54 to 2.21) −0.66 (−2.05 to 0.73) −0.15 (−1.44 to 1.13)

HDP

DBP, mm Hg −3.25 (−6.85 to 0.34) −3.08 (−6.17 to 0.02) −2.67 (−5.76 to 0.41) −4.87 (−7.87 to −1.88)* −1.67 (−4.59 to 1.24)

MAP −2.93 (−6.33 to 0.47) −3.11 (−6.04 to −0.17)* −2.87 (−5.79 to 0.04) −4.61 (−7.45 to −1.77)* −1.95 (−4.71 to 0.81)

LDL- C, mmol/L −0.26 (−0.53 to 0.02) −0.41 (−0.66 to −0.17)† −0.22 (−0.45 to 0.02) −0.40 (−0.62 to −0.17)† −0.27 (−0.50 to −0.04)*

Glucose, % 
change

−1.18 (−5.97 to 3.61) −4.78 (−8.98 to −0.59)* −1.91 (−6.18 to 2.36) −3.98 (−8.05 to 0.09) −2.96 (−6.95 to 1.02)

Reference group=participants who never breastfed. All outcomes were adjusted for age at delivery, race, prepregnancy body mass index, parity, smoking, 
marital status, manual occupational social class, university education, and gestational diabetes. Blood pressure outcomes were further adjusted for use of 
antihypertensive medications. Glucose, insulin, and proinsulin outcomes were further adjusted for diabetes medications. Low- density lipoprotein cholesterol 
(LDL- C) outcomes were further adjusted for cholesterol- lowering medications. DBP indicates diastolic blood pressure; HDP, hypertensive disorders of 
pregnancy; and MAP, mean arterial pressure.

*P<0.05.
†P<0.001 (Bonferroni correction).
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effects.27,28 However, the role of vasopressin in long- 
term maternal cardiovascular health has not been 
investigated. This line of inquiry may be particularly 
relevant to women with a history of HDP given the as-
sociations between vasopressin and preeclampsia.29

Any breastfeeding was associated with lower MAP 
and DBP and LDL- C for women with a history of HDP 
but not in women with normotensive pregnancies. 
Particularly, the group of women who were diagnosed 
with an HDP and who breastfed for 6 to <9 months 
had a nearly 5- mm Hg lower DBP and MAP com-
pared with the group who never breastfed, which is 
a clinically meaningful difference in BP. Specifically, 
meta- analyses show the mean improvement in DBP 
from antihypertensive medications, the gold standard 
for treating hypertension, is 3 to 5 mm Hg for DBP.30,31 
Moreover, a reduction in diastolic BP of just 2 mm Hg 
is expected to reduce stroke risk by 14% and coronary 
heart disease by 6%, and is considered clinically sig-
nificant.32,33 The lack of association in women with un-
complicated pregnancies is incongruent with findings 
reported from previous studies of women with normo-
tensive pregnancies, which have reported an associa-
tion between breastfeeding and BP. However, previous 
studies assessed BP as a dichotomous outcome yes 
versus no hypertension,12,14 whereas we assessed BP 
as a continuous outcome. Our findings agree with 
those reported by Countouris and colleagues, who 
also reported lower DBP in women with a history of 
HDP who breastfed compared with those who did 
not breastfeed.16,34 Yu and colleagues also report im-
proved cholesterol profiles in women with a history of 
pregnancy complications known to increase risk for 
cardiovascular disease, including HDP, but report im-
proved HDL- C and triglycerides, which we observed 
for all women who breastfeed, not just those with a 
history of HDP.35 However, Yu et al separated breast-
feeding categories into none, <6 months, and more 
than 6 months, and also included numerous adverse 
outcomes, not just HDP. The lack of a relationship 
between duration of breastfeeding and BP in women 
who experienced a normotensive pregnancy may be 
partly because their pregnancy BP had less “oppor-
tunity” to improve postpartum. It is also plausible that 
women with a history of HDP are more sensitive to, or 
receive greater benefit from, the effects of oxytocin on 
BP than women who do not have a history of HDP, but 
this requires further investigation.

Our results show that breastfeeding may have car-
diometabolic benefits for women, with possible addi-
tional benefits for women with HDP, suggesting the 
importance of breastfeeding for women with HDP. 
However, women with a history of HDP are known to 
have lower rates of breastfeeding.36 In our study, we 
observed a lower rate of breastfeeding initiation and 
continuation among women with HDP compared 

with women without HDP. These rates did not differ 
by preterm birth status, which we used as a proxy for 
severity of HDP. We have previously identified barriers 
to breastfeeding initiation and continuation in women 
with HDP, including maternal and infant separation, 
medical management (eg, magnesium sulfate and 
antihypertensive medications), maternal fluid imbal-
ance (eg, third spacing), and delayed lactogenesis II.37 
Despite these potential barriers to breastfeeding initia-
tion and continuation in women with a history of HDP, 
Cordero et al (2012) showed that the strongest pre-
dictor of breastfeeding initiation in women with severe 
preeclampsia was the intention to breastfeed before 
delivery.36 As such, there is a critical need to develop 
interventions and health policies that address barriers 
to breastfeeding and encourage breastfeeding in this 
high- risk population.

This analysis has several strengths. First, we had 
access to data regarding breastfeeding behaviors that 
were prospectively collected at multiple time points 
over the first 15 months postpartum. In other studies, 
documentation of breastfeeding intensity is often less 
granular (eg, breastfeeding: yes/no; breastfeeding <6 
or ≥6 months), retrospectively collected (and subject to 
recall bias), and often does not include an assessment 
of exclusivity. This analysis also involved a large, well- 
characterized cohort that included a large number of 
participants who experienced HDP. Previous studies 
that have investigated cardiometabolic outcomes by 
breastfeeding behavior have had fewer participants 
diagnosed with HDP, perhaps limiting the statistical 
power to detect some of the interaction effects we ob-
served in our analysis (eg, 544 participants with HDP in 
our study versus 75 to 281 in previous studies)16,34,36,38 
or excluded participants with a history of HDP. Our 
study assessed the association of breastfeeding 
with cardiometabolic health assessed ≈18 years after 
recruitment into ALSPAC. Of the limited number of 
studies investigating this relationship in women who 
experience an HDP, many are limited to short- term fol-
low- up within the first year following pregnancy. Last, 
we calculated a Bonferroni- corrected P value threshold 
and interpreted results taking this corrected threshold 
into account to protect against type 1 errors. This may 
be overcautious given that some outcomes were mod-
erately correlated; however, we provide the reader with 
P values for all outcomes to aid in their interpretation 
of the results.

This analysis also has limitations. These data reflect 
pregnancy care and breastfeeding practices in the 
United Kingdom in the 1990s and may not be simi-
larly applicable today. For example, interpretations of 
exclusive and any breastfeeding may be different today 
with expanded access to and use of electric breast 
pumps and evolving guidance and conventions on 
type and timing of complementary food introduction. 
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Additionally, lactation support and recommendations 
in the 1990s differed from today, which may influ-
ence breastfeeding behaviors or success. Second, 
the demographic characteristics of participants, such 
as self- identified race and BMI, may not be generaliz-
able to other countries, nor reflect the current demo-
graphic and clinical characteristics of society today 
(eg, increased prevalence of obesity). Third, data on 
breastfeeding behaviors and pregnancy outcomes for 
pregnancies other than the index pregnancy were not 
collected but may impact long- term cardiometabolic 
outcomes. In particular, we do not have data regard-
ing previous HDP, which influences cardiovascular 
outcomes. Fourth, despite robust metrics for quan-
tifying breastfeeding exposure, there is still a risk of 
misclassification through participant misinterpretation 
of the breastfeeding assessment items or inaccurate 
recall of breastfeeding behavior. Relatedly, the way 
the breastfeeding questions were presented to partic-
ipants did not allow participants to report whether they 
were using a breast pump. Fifth, we did not have data 
regarding medical diagnoses that could potentially 
preclude breastfeeding such as mastectomy. Finally, 
this was an observational study; therefore, confidence 
that associations reflect causal relationships is limited. 
Moreover, participants who attended the follow- up vis-
its, and therefore were included in the analysis were 
older, more likely to be of White race, married, have 
a higher socioeconomic status, be nulliparous, and 
more likely to have had a preterm birth. They also had 
a lower BMI, were less likely to smoke, and were less 
likely to have experienced an HDP. However, we used 
inverse probability weighting, sensitivity analyses, and 
adjustment strategies to reduce the risk of bias caused 
by selection, reverse causation, and confounding, but 
cannot rule out residual confounding.

CONCLUSION
Our results contribute to the evidence demonstrat-
ing that women with HDPs experience a similar or 
slightly enhanced cardioprotective benefit associ-
ated with breastfeeding as women who experienced 
a normotensive pregnancy. Because women who 
experience an HDP have excess risk of poor cardio-
metabolic health in the years following pregnancy,4,5 
this high- risk group may derive the greatest benefit 
from breastfeeding should our results reflect a causal 
effect. Future research should focus on replication 
of the evidence establishing an association between 
breastfeeding and cardiometabolic health, especially 
for women with HDP. Additionally, further research is 
needed to identify barriers to breastfeeding initiation 
and continuation, especially among women with HDP. 
Identifying barriers to breastfeeding initiation and con-
tinuation in women with HDP in particular, and tailoring 

interventions to support these women, could positively 
impact the cardiometabolic health of women decades 
after pregnancy and ultimately prevent morbidity and 
mortality related to CVD.
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Table S1. Pairwise correlations for cardiometabolic outcomes  

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Triglycerides (1) 1.00              
HDL cholesterol (2)* -0.44    1.00             
Body Mass Index (3) 0.33   -0.38    1.00            
Waist circumference (4) 0.40   -0.41    0.90    1.00           
Carotid intima-media thickness (5) 0.06    0.01    0.06    0.07    1.00          
Arterial distensibility (6) -0.13    0.06   -0.05   -0.07    0.16    1.00         
Insulin (7) 0.38   -0.37    0.50    0.52    0.02   -0.11    1.00        
Proinsulin (8) 0.37   -0.28    0.47    0.49    0.03   -0.07    0.71    1.00       
Glucose (9) 0.25   -0.15    0.21    0.24    0.08   -0.06    0.40    0.42    1.00      
C-reactive protein (10)  0.28   -0.30    0.55    0.54    0.01   -0.05    0.33    0.29    0.13    1.00     
Systolic blood pressure (11) 0.20   -0.10    0.31    0.34    0.20    0.03    0.25    0.24    0.16    0.21    1.00    
LDL cholesterol (12) † 0.29   -0.22    0.17    0.20    0.08   -0.11    0.11    0.09    0.04    0.12    0.13    1.00   
Diastolic blood pressure (13) 0.17   -0.09   0.25    0.27    0.09  -0.14    0.23    0.21    0.09    0.19    0.66    0.11    1.00  
Mean arterial pressure (14)  0.20 -0.10 0.30   0.32 0.14 -0.08 0.26 0.25 0.13 0.22 0.86 0.13 0.95 1.00 

* HDL- high density lipoprotein  
† LDL- low density lipoprotein   
  



Table S2. Distribution of background characteristics among eligible women who did and did not attend 
the clinical follow-up evaluation 18 years after recruitment 

  
 

Characteristics Did not attend 
clinical follow-up 

(n=9,947) 

Attended clinical 
follow-up 
(n=3,659) 

p-value 

Maternal age at birth of index child, y, 
mean (SD) 

27.3 (5.0) 29.8 (4.4) <0.001 

Race, n (%)  
White 
Black 
Other 
Missing 

 
7,785 (97.0) 
101 (1.3) 
140 (1.7) 
1,921 

 
3,546 (98.0) 
26 (0.7) 
46 (1.3) 
41 

0.001 

Married,  n (%) 
               No 
               Yes 
               Missing 

 
2,436 (27.1) 
6,541 (72.9) 
970 

 
540 (14.9) 
3,091 (85.1) 
28 

<0.001 

Manual social class,  n (%) 
               No 
               Yes 
               Missing 

 
5,054 (70.2) 
2,146 (29.8) 
2,747 

 
2,713 (82.6) 
572 (17.4) 
374 

<0.001 

University level education,  n (%) 
               No 
               Yes 
               Missing 

 
7,315 (90.2) 
799 (9.9) 
1,833 

 
2,911 (80.3) 
714 (19.7) 
34 

<0.001 

Pre-pregnancy BMI, kg/m2, mean (SD) 23.1 (23.1) 22.5 (3.3) <0.001 
Nulliparous,  n (%) 
               No 
               Yes 
               Missing 

 
5,876 (66.9) 
2,913 (33.1) 
1,158 

 
2,323 (63.9) 
1,310 (36.1) 
26 

0.002 

Smoking during pregnancy,  n (%) 
               No 
               Yes 
               Missing 

 
6,045 (69.0) 
2,721 (31.04) 
1,181 

 
3,105 (85.7) 
520 (14.3) 
34 

<0.001 

Pregnancy diabetes mellitus,  n (%) 
None 
GDM 
Pregestational diabetes mellitus 
Glycosuria 
Missing 

 
7,697 (95.8) 
36 (0.5) 
28 (0.4) 
273 (3.4) 
1,913 

 
3,519 (96.2) 
18 (0.5) 
14 (0.4) 
108 (3.0) 
0 

0.624 

Hypertensive disorders of pregnancy, n (%) 
None 
Gestational hypertension 
Preeclampsia 
Missing 

 
6,067 (82.3) 
1,142 (15.5) 
165 (2.2) 
2,141 

 
3,115 (85.1) 
470 (12.9) 
74 (2.0) 
0  

<0.001 

Preterm birth,  n (%) 
                 No 
                 Yes 
                 Missing 

 
9,058 (91.4) 
858 (8.7) 
31 

 
3,514 (96.0) 
145 (4.0) 
0 

<0.001 



Table S3. P values for adjusted associations of duration of any breastfeeding with measures of 
cardiometabolic health 
 < 1 

month 
1-<3 
months 

3-<6 
months  

6-<9 
months  

9+ months  

Body Mass Index (kg/m2) .23 .08 .48 .007 .01 
Waist Circumference (cm)  .63 .04 .31 .02 .02 
Systolic BP (mmHg) .56 .09 .98 .63 .13 
Arterial distensibility (mm)  .82 .48 .95 .53 .68 
cIMT(mm) * .05 .46 .61 .36 .80 
CRP (% change) † .03 .01 .003 .000 .001 
HDL (mmol/L) ‡ .61 .007 .34 .002 .05 
Triglycerides (mmol/L) .40 .006 .48 .03 .006 
Insulin (% change) .74 .02 .70 .004 .04 
Proinsulin (% change) .77 .11 .83 .01 .02 

* cMIT - carotid intima-media thickness 
† CRP- C- reactive protein 
‡ HDL- high density lipoprotein cholesterol  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table S4. P values for adjusted associations of duration of any breastfeeding with diastolic blood 
pressure, mean arterial pressure, LDL-cholesterol, and glucose stratified by presense of 
hypertesive disorders of pregnancy (HDP) 
 < 1 month 1-<3 

months 
3-<6 
months  

6-<9 
months  

9+ months  

No Hypertensive disorders of pregnancy  
Diastolic BP (mmHg) .78 .07 .97 .67 .06 
Mean arterial pressure  .86 .09 .69 .92 .11 
LDL cholesterol (mmol/L)* .68 .86 .82 .38 .32 
Glucose (% change) .75 .34 .23 .35 .81 
Hypertensive disorder of pregnancy   
Diastolic BP (mmHg) .08 .05 .09 .002 .26 
Mean arterial pressure  .09 .04 .05 .002 .17 
LDL cholesterol (mmol/L)* .07 .001 .07 .001 .02 
Glucose (% change) .63 .03 .38 .06 .14 

*LDL- low density lipoprotein  
 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table S5. P-values from the Interaction Test of Any Breastfeeding and Hypertensive Disorders of 
Pregnancy on Cardiometabolic Health Measurements 
Outcome < 1 month 1-<3 

months 
3- <6 
months 

6- <9 
months 

9 months 

Body-mass index 0.103 0.563 0.117 0.585 0.750 
Waist circumference 0.195 0.867 0.278 0.398 0.573 
Systolic blood pressure 0.460 0.376 0.093 0.125 0.946 
Diastolic blood pressure 0.125 0.421 0.178 0.023 0.642 
Mean arterial pressure 0.173 0.360 0.107 0.028 0.768 
cIMT* 0.912 0.050 0.306 0.898 0.485 
Arterial distensibility 0.371 0.961 0.322 0.787 0.897   
Glucose 0.782 0.053 0.158 0.047 0.078 
Insulin 0.992 0.678 0.398 0.804 0.782 
Proinsulin 0.446 0.823 0.849 0.742 0.386 
Trigylcerides 0.358 0.245 0.803 0.376 0.850 
HDL-cholesterol † 0.605 0.295 0.987 0.326 0.923 
LDL-cholesterol ‡ 0.139 0.004 0.201 0.020 0.202 
C-reactive protein 0.662 0.656 0.851 0.951 0.995 

*cMIT - carotid intima-media thickness 
† HDL- high density lipoprotein  
‡ LDL- low density lipoprotein  
p <.05 indicates a significant interaction test between any breastfeeding by duration category and hypertensive 
disorder of pregnancy  
 

 
  



Table S6. Distribution of cardiometabolic health measurements at 18 year follow-up according to duration of any breastfeeding for index 
pregnancy 

*p-value coresponding to an unadjusted F test for any difference between breastfeeding categories compared to never breastfeeding  
† SBP- systolic blood pressure  
‡ DBP- diastolic blood pressure 
§ cMIT - carotid intima-media thickness 
|| HDL- high density lipoprotein  
# LDL- low density lipoprotein  
 
  

 Duration of Any Breastfeeding (months) 

Characteristics Never (n=509) <1 (n=317) 1-<3 (n=428) 3-<6 (n=653) 6-<9 (n=651) 9+ (n=1,040) p-value* 

BMI, kg/m2, mean (SD) 27.95 (6.08) 26.96 (5.36) 26.85 (5.46) 26.53 (5.20) 25.72 (4.68) 25.65 (4.60) <0.001 
Waist circumference, cm, mean (SD) 87.39 (13.87) 85.53 (12.63) 84.62 (12.82) 84.25 (11.97) 82.60 (11.31) 82.57 (10.79) <0.001 
SBP, mmHg, mean (SD)† 118.99 (12.34) 117.8 (11.62) 116.9 (12.40) 118.2 (12.29) 117.7 (11.82) 117.3 (12.52) 0.066 
DBP, mmHg, mean (SD)‡ 73.82 (10.64) 72.52 (10.57) 71.74 (9.56) 72.56 (9.23) 72.03 (10.70) 71.69 (10.49) 0.004 
cIMT, mm, mean (SD) § 0.554 (0.061) .546 (.056) 0.552 (0.065) 0.560 (0 063) 0.562 (0.060) 0 .562 (0 .064) <0.001 
Arterial distensibility, mm, mean (SD)  0.505 (.119) 0.501 (.108) 0 .509 (0 .120) 0.497 (0.122) 0.499 (0.115) 0 .491 (0 115) 0.044 
Glucose, mmol/L, mean (SD) 5.39 (1.27) 5.29 (1.01) 5.24 (1.03) 5.29 (0.78) 5.19 (0.54) 5.27 (1.02) 0.014 
Insulin, pmoL/L, mean (SD) 40.86 (42.56) 40.04 (48.68) 34.88 (38.23) 38.58 (43.82) 31.65 (30.16) 32.44 (25.80) <0.001 
Proinsulin, pmoL/L, mean (SD) 9.47 (12.54) 8.88 (9.38) 8.64 ( 8.87) 9.20 (12.38) 7.70 ( 8.61) 7.30 (5.26) <0.001 
Triglycerides, mmol/L, mean (SD) 1.09 (.57) 1.04 (.49) 0.97 (0.46) 1.04 (0.59) 0 .97 (0.49) 0 .98 (0.49) <0.001 
HDL, mmol/L, mean (SD) || 1.40 (.37) 1.41 (.36) 1.50 (0.38) 1.47 (0 .37) 1.54 (0.39) 1.52 (0.38) <0.001 
LDL, mmol/L, mean (SD) # 3.02 (.84) 3.00 (.86) 2.93 (0.78) 3.01 (0 .76) 2.92 (0.78) 2.99 (0 .81) 0.250 
C-reactive protein, mg/L, mean (SD) 3.00 (4.65) 2.49 (3.73) 2.28 ( 3.53) 2.02 ( 3.59) 1.81 ( 3.00) 1.89 ( 4.03) <0.001 



Table S7. Test for linear trend for all participants for cardiometabolic outcomes with no evidence of a 
difference in the association with breastfeeding according to hypertensive disorders during pregnancy 
status 
Outcome Test for linear trend p-value 
Triglycerides 0.013 
HDL-cholesterol* 0.010 
Body-mass index 0.011 
Waist circumference 0.009 
cIMT† 0.294 
Arterial distensability 0.756 
Insulin 0.022 
Proinsulin 0.009 
C-reactive protein 0.002 
Systolic blood pressure 0.290 

*HDL- high density lipoprotein  
†cMIT - carotid intima-media thickness 
The p-values were estimated by entering breastfeeding duration categories as a single continuous variable  
  



Table S8. Test for linear trend for outcomes with evidence of a difference in the association with 
breastfeeding according to hypertensive disorders during pregnancy status 
Outcome Test for linear trend p-value 

among women without 
hypertensive disorders during 
pregnancy 

Test for linear trend p-value 
among women with 
hypertensive disorders during 
pregnancy 

LDL-cholesterol* 0.118 0.027 
Diastolic blood pressure 0.122 0.174 
Mean arterial pressure 0.234 0.108 
Glucose 0.871 0.123 

*LDL- low density lipoprotein  
The p-values were estimated by entering breastfeeding duration categories as a single continuous variable  
 
 
 
  



Table S9. Unadjusted associations of duration of any breastfeeding with measures of cardiometabolic health 
 < 1 month 1-<3 months 3-<6 months  6- <9 months  9+ months  
 Mean difference (95% 

CI) 
Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

Body Mass Index (kg/m2) -0.98 (-1.70, -0.26)* -1.09 (-1.75, -0.43)† -1.42 (-2.01, -0.82)† -2.22 (-2.82, -1.63)† -2.28 (-2.82, -1.74)† 
Waist Circumference (cm)  -1.79 (-3.47, -0.11)* -2.69 (-4.23, -1.14) † -3.09 (-4.48, -1.70) † -4.72 (-6.12, -3.33) † -4.73 (-6.00, -3.46) † 
Systolic BP (mmHg) -1.08 (-2.81, 0.65) -1.88 (-3.47, -0.29)* -0.68 (-2.11, 0.75) -1.26 (-2.70, 0.17) -1.59 (-2.90, -0.28)* 
Arterial distensibility (mm)  -0.00 (-0.02, 0.01) 0.00 (-0.01, 0.02) -0.01 (-0.02, 0.01) -0.01 (-0.02, 0.01) -0.01 (-0.03, -0.00) * 
cIMT(mm) ‡ -0.01 (-0.02, 0.00) -0.00 (-0.01, 0.01) 0.01 (-0.00, 0.01) 0.01 (0.00, 0.02)* 0.01 (0.00, 0.01)* 
CRP (% change) § -23.90 (-40.52, -7.27)* -26.31(-41.64,-10.99)† -33.95(-47.60,-20.29)† -45.76(-59.75,-31.76)† -42.80(-55.27,-30.34)† 
HDL (mmol/L) || 0.01 (-0.04, 0.07) 0.09 (0.04, 0.15)† 0.08 (0.03, 0.12)* 0.14 (0.10, 0.19)† 0.13 (0.09, 0.17)† 
Triglycerides (mmol/L) -0.07 (-0.14, 0.01) -0.13 (-0.20, -0.06)† -0.06 (-0.12, 0.00) -0.12 (-0.18, -0.06)† -0.12 (-0.17, -0.06)† 
Insulin (% change) -5.44 (-14.29, 3.40) -14.42 (-22.81, -6.04)† -9.54 (-17.02, -2.06)* -21.28(-28.69,-13.86)† -18.98(-25.67,-12.30)† 
Proinsulin (% change) -5.63 (-14.11, 2.85) -10.44 (-18.33, -2.56)* -6.55 (-13.38, 0.29) -17.50(-24.35,-10.64)† -16.04 (-22.39, -9.70)† 

*p<.05 
†p<.001 (Bonferroni correction)  
‡ cMIT - carotid intima-media thickness 
§ CRP- C- reactive protein 
|| HDL- high density lipoprotein 
Reference group=participants who never breastfed 
 
  



Table S10. Unadjusted associations of duration of any breastfeeding with diastolic blood pressure, mean arterial pressure, and LDL-cholesterol 
stratified by hypertension during pregnancy 
 < 1 month 1-<3 months 3-<6 months  6- <9 months  9+ months  
 Mean difference (95% 

CI) 
Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

No Hypertensive disorders of pregnancy 
Diastolic BP (mmHg) -0.42 (-1.97, 1.13) -1.63 (-3.07, -0.19)* -0.38 (-1.66, 0.90) -0.90 (-2.18, 0.39) -1.63 (-2.81, -0.45)* 
Mean arterial pressure  -0.39 (-1.88, 1.11) -1.55 (-2.95, -0.15)* -0.12 (-1.36, 1.12) -0.72 (-1.97, 0.53) -1.34 (-2.49, -0.20)* 
LDL cholesterol (mmol/L) ‡ 0.02 (-0.12, 0.15) -0.01 (-0.13, 0.12) 0.02 (-0.09, 0.13) -0.05 (-0.16, 0.06) -0.00 (-0.10, 0.10) 
Glucose (% change) -0.89 (-2.77, 0.98) -1.31 (-3.05, 0.43) -0.01 (-1.54, 1.53) -1.65 (-3.18, -0.12)* -0.51 (-1.90, 0.88) 
Hypertensive disorders of pregnancy  
Diastolic BP (mmHg) -4.26 (-7.91, -0.60)* -3.53 (-6.68, -0.38)* -3.18 (-6.30, -0.07)* -5.04(-7.99,-2.10)† -1.77 (-4.56, 1.02) 
Mean arterial pressure  -3.81 (-7.33, -0.30)* -3.69 (-6.72, -0.66)* -3.28 (-6.28, -0.29)* -4.73(-7.57,-1.89)† -1.85 (-4.54, 0.83) 
LDL cholesterol (mmol/L) ‡ -0.23 (-0.52, 0.05) -0.39 (-0.65, -0.14)* -0.12 (-0.36, 0.12) -0.32 (-0.55, -0.09)* -0.13 (-0.35, 0.09) 
Glucose (% change) -2.07 (-8.39, 4.25) -6.11(-11.61,-0.60)* -4.50 (-10.02, 1.03) -6.50(-11.69,-1.31)* -5.76(-10.71,-0.82)* 

*p<.05 
†p<.001 (Bonferroni correction)  
‡LDL- low density lipoprotein  
Reference group=participants who never breastfed 
 
  



Table S11. Adjusted associations of duration of exclusive breastfeeding with measures of cardiometabolic health 
 < 1 month 1-<3 months 3-<6 months  
 Mean difference (95% CI) Mean difference (95% CI) Mean difference (95% CI) 
Body Mass Index (kg/m2) -0.28 (-0.65, 0.09) -0.37 (-0.75, 0.01) -0.46 (-0.82, -0.10)* 
Waist Circumference (cm)  -0.80 (-1.79, 0.19) -0.79 (-1.80, 0.22) -1.27 (-2.23, -0.31)* 
Systolic BP (mmHg) -0.60 (-1.91, .71) -.31 (-1.64, 1.02) -0.94 (-2.20, 0.32) 
Arterial distensibility (mm)  0.00 (-0.01, 0.02) -0.00 (-0.01, 0.01) 0.00 (-0.01, 0.02) 
cIMT(mm) ‡ -0.00 (-0.01, 0.00) -0.00 (-0.01, 0.01) 0.00 (-0.01, 0.01) 
CRP (% change) § -16.01 (-28.23, -3.79)* -26.59(-39.35, -13.82)† -20.03(-31.86, -8.20)† 
HDL (mmol/L) || 0.03 (-0.01, 0.07) 0.05 (0.00, 0.08)* 0.04 (0.00, 0.08)* 
Triglycerides (mmol/L) -0.05 (-0.11, 0.01) -0.07 (-0.13, -0.02)* -0.06 (-0.12, -0.01)* 
Insulin (% change) -2.80 (-9.47, 3.86) -8.49 (-15.17, -1.82)* -7.04 (-13.41, -.67)* 
Proinsulin (% change) -3.77 (-9.98, 2.44) -5.90 (-12.06, .25) -4.27 (-10.16, 1.61) 

*p<.05 
†p<.001 (Bonferroni correction)  
‡ cMIT - carotid intima-media thickness 
§ CRP- C- reactive protein 
|| HDL- high density lipoprotein 
The reference group includes those who never breastfed. All outcomes were adjusted for age at delivery, race, pre-pregnancy BMI, parity, smoking, marital 
status, and gestational diabetes. Blood pressure outcomes were further adjusted for use of antihypertensive medications. Glucose, insulin, and proinsulin 
outcomes were further adjusted for diabetes medications. LDL-cholesterol and HDL-cholesterol outcomes were further adjusted for cholesterol lowering 
medications. 
 
 
 
 
 
 
 
 
 
 



Table S12. P-values for adjusted associations of duration of exclusive breastfeeding with 
measures of cardiometabolic health 
 < 1 month 1-<3 months 3-<6 months  
Body Mass Index (kg/m2) .14 .06 .01 
Waist Circumference (cm)  .12 .12 .009 
Systolic BP (mmHg) .37 .65 .14 
Arterial distensibility (mm)  .54 .83 .58 
cIMT(mm) * .51 .60 .72 
CRP (% change) † .01 .000 .001 
HDL (mmol/L) ‡ .14 .04 .04 
Triglycerides (mmol/L) .10 .01 .03 
Insulin (% change) .41 .01 .03 
Proinsulin (% change) .23 .06 .16 

*cMIT - carotid intima-media thickness 
†CRP- C- reactive protein 
‡HDL- high density lipoprotein  
  



Table 13. P-values from the Interaction Test of Exclusive Breastfeeding and Hypertensive Disorders of 
Pregnancy on Cardiometabolic Health Measurements 

Outcome < 1 month 1-<3 months 3- <6 months 
Body-mass index 0.629 0.261 0.917 
Waist circumference 0.712 0.789 0.830 
Systolic blood pressure 0.539   0.059 0.380 
Diastolic blood pressure 0.301 0.050 0.587 
Mean arterial pressure 0.335 0.034 0.465 
cIMT* 0.417 0.727 0.191 
Arterial distensibility 0.531 0.741 0.472 
Glucose 0.539 0.005 0.043 
Insulin 0.519 0.665 0.653 
Proinsulin 0.970 0.262 0.763 
Triglycerides 0.274 0.742 0.675 
HDL-cholesterol† 0.217 0.588 0.998 
LDL-cholesterol‡ 0.048 0.028 0.042 
C-reactive protein 0.712 0.788 0.924 

*cMIT - carotid intima-media thickness 
†HDL- high density lipoprotein  
‡LDL- low density lipoprotein  
p <.05 indicates a significant interaction test between exclusive breastfeeding by duration category and hypertensive 
disorder of pregnancy  
 
  



Table S14. Adjusted associations of duration of exclusive breastfeeding with diastolic blood pressure, mean arterial pressure, LDL-cholesterol, and 
glucose stratified by the presence of hypertension during pregnancy  

 < 1 month 1-<3 months 3-<6 months  
 Mean difference (95% 

CI) 
Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

No Hypertensive disorders of pregnancy 
Diastolic BP (mmHg) -0.56 (-1.77, 0.66) -0.71 (-1.94, 0.52) -0.65 (-1.82, 0.52) 
Mean arterial pressure  -0.43 (-1.60, 0.73) -0.32 (-1.50, 0.86) -0.53 (-1.65, 0.59) 
LDL cholesterol (mmol/L) ‡ -0.01 (-0.11, 0.10) 0.02 (-0.08, 0.12) -0.05 (-0.15, 0.05) 
Glucose (% change) -0.46 (-1.79, 0.88) 0.36 (-0.93, 1.65) -0.24 (-1.48, 1.00) 
Hypertensive disorders of pregnancy 
Diastolic BP (mmHg) -2.58 (-5.30, 0.14) -4.22 (-7.04, -1.40)* -2.63 (-5.34, 0.09) 
Mean arterial pressure  -2.44 (-5.01, 0.14) -4.07 (-6.74, -1.40)* -2.94 (-5.51, -0.37)* 
LDL cholesterol (mmol/L) ‡ -0.29 (-0.50, -0.08)* -0.32 (-0.54, -0.10)* -0.35 (-0.55, -0.14)† 
Glucose (% change) -1.78 (-5.49, 1.93) -4.48 (-8.35, -0.61)* -3.44 (-7.17, 0.29) 

*p<.05 
†p<.001 (Bonferroni correction)  
‡ LDL- low density lipoprotein  
The reference group includes those who never breastfed. All outcomes were adjusted for age at delivery, race, pre-pregnancy BMI, parity, smoking, marital 
status, and gestational diabetes. Blood pressure outcomes were further adjusted for use of antihypertensive medications. Glucose, insulin, and proinsulin 
outcomes were further adjusted for diabetes medications. LDL-cholesterol and HDL-cholesterol outcomes were further adjusted for cholesterol lowering 
medications. 
 

 

  



Table S15. p values for adjusted associations of duration of exclusive breastfeeding with 
diastolic blood pressure, mean arterial pressure, LDL-cholesterol, and glucose stratified by the 
presence of hypertension during pregnancy 
 < 1 month 1-<3 months 3-<6 months  
No Hypertensive disorders of pregnancy 
Diastolic BP (mmHg) .37 .26 .27 
Mean arterial pressure  .47 .60 .35 
LDL cholesterol (mmol/L)* .88 .70 .35 
Glucose (% change) .50 .58 .71 
Hypertensive disorders of pregnancy 
Diastolic BP (mmHg) .06 .004 .06 
Mean arterial pressure  .06 .003 .03 
LDL cholesterol (mmol/L)* .008 .005 .001 
Glucose (% change) .35 .02 .07 

*LDL- low density lipoprotein  

  



Table S16. Unadjusted associations of duration of exclusive breastfeeding with measures of 
cardiometabolic health  

 < 1 month 1-<3 months 3-<6 months  
 Mean difference (95% 

CI) 
Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

Body Mass Index (kg/m2) -1.05 (-1.61, -0.49)† -1.61 (-2.18, -1.05)† -2.35 (-2.87, -1.83)† 
Waist Circumference (cm)  -2.36 (-3.67, -1.05)† -3.29 (-4.61, -1.96)† -5.01 (-6.22, -3.79)† 
Systolic BP (mmHg) -0.94 (-2.29, 0.42) -1.02 (-2.38, 0.35) -1.73 (-2.98, -0.48)* 
Arterial distensibility (mm)  -0.00 (-0.02, 0.01) -0.01 (-0.02, 0.01) -0.01 (-0.02, 0.00) 
cIMT(mm) ‡ 0.00 (-0.01, 0.01) 0.00 (-0.01, 0.01) 0.01 (0.00, 0.01)* 
CRP (% change) § -24.80 (-37.66, -11.92)† -41.01 (-54.32, -27.67)† -42.99 (-55.04, -30.95)† 
HDL (mmol/L) || 0.07 (0.03, 0.12)† 0.10 (0.05, 0.14)† 0.13 (0.09, 0.17)† 
Triglycerides (mmol/L) -0.07 (-0.13, -0.02)* -0.11 (-0.17, -0.05)† -0.11 (-0.17, -0.06)† 
Insulin (% change) -8.01 (-15.01, -1.02)* -16.47 (-23.47, -9.47)† -19.51 (-25.98, -13.03)† 
Proinsulin (% change) -8.40 (-14.92, -1.87) -13.17 (-19.78, -6.56) -14.67 (-20.72, -8.62) 

*p<.05 
†p<.001 (Bonferroni correction)  
‡ cMIT - carotid intima-media thickness 
§ CRP- C- reactive protein 
|| HDL- high density lipoprotein 
The reference group includes those who never breastfed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table S17. Unadjusted associations of duration of exclusive breastfeeding with diastolic blood pressure, 
mean arterial pressure, LDL-cholesterol, and glucose stratified by hypertension during pregnancy  
 < 1 month 1-<3 months 3-<6 months  
 Mean difference 

(95% CI) 
Mean difference 
(95% CI) 

Mean difference 
(95% CI) 

No Hypertensive disorders of pregnancy 
Diastolic BP (mmHg) -0.75 (-1.97, 0.47) -1.15 (-2.38, 0.09) -1.25 (-2.38, -0.12)* 
Mean arterial pressure  -0.63 (-1.81, 0.56) -0.76 (-1.95, 0.43) -1.11 (-2.20, -0.01)* 
LDL cholesterol (mmol/L) ‡ 0.00 (-0.10, 0.11) 0.02 (-0.09, 0.12) -0.03 (-0.12, 0.07) 
Glucose (% change) -0.93 (-2.40, 0.55) -0.11 (-1.56, 1.35) -1.09 (-2.43, 0.25) 
Hypertensive disorders of pregnancy 
Diastolic BP (mmHg) -2.93 (-5.68, -0.18)* -4.82 (-7.64, -2.00)† -2.70 (-5.33, -0.07)* 
Mean arterial pressure  -2.69 (-5.34, -0.05)* -4.67 (-7.38, -1.96)† -2.87 (-5.40, -0.35)* 
LDL cholesterol (mmol/L) ‡ -0.23 (-0.45, -0.01)* -0.23 (-0.45, -0.00)* -0.24 (-0.44, -0.03)* 
Glucose (% change) -2.36 (-7.18, 2.47) -7.92 (-12.90, -2.95)* -5.87 (-10.51, -1.23)* 

*p<.05 
†p<.001 (Bonferroni correction)  
‡LDL- low density lipoprotein 
The reference group includes those who never breastfed. 
  



Table S18. Duration of Breastfeeding (months) according to presence of hypertensive disorders of pregnancy (HDPs) and preterm birth 
Breastfeeding 
outcome 

Category No HDP or 
Preterm Birth 
(N=2,959) 

Preterm Birth 
Only  
(n=110) 

HDP Only 
 
 (n=495) 

HDP and 
preterm birth 
(n=34) 

Any 
Breastfeeding 
Duration  

Never breastfed, % (n) 13.5 (398) 16.4 (18) 17.8 (88) 14.7 (5) 
<1, % (n) 8.5 (253) 15.5(17) 8.7 (43) 11.8 (4) 
1-<3, % (n) 11.6 (342) 7.3 (8) 14.7 (73) 14.7 (5) 
3-<6, % (n) 18.5 (548) 19.1 (21) 16.4 (81) 8.8 (3) 
6-<9, % (n) 18.0 (532) 17.3 (19) 18.0 (89) 32.4 (11) 
9+, % (n) 30.0 (886) 24.6 (27)  24.4 (121) 17.7 (6) 

Exclusive  
breastfeeding 
Duration  

Never breastfed, % (n) 13.5 (398) 16.4 (18) 17.8 (88) 14.7 (5) 
0-<1, % (n) 23.6 (698) 32.7 (36) 25.5 (126) 32.4 (11) 
1-<3, % (n) 23.3 (687) 18.2 (20) 23.0 (114) 29.4 (10) 
3-6, % (n) 39.7 (1,176) 32.7 (36) 33.7 (167) 23.5 (8) 

Duration of exclusive breastfeeding is likely to differ from duration of any breastfeeding (i.e., a  participant exclusively breastfed for 2 months but continued to 
breastfeed until 6 months). Therefore the percentage and number of individuals in each breastfeeding category cannot be compared between any and exclusive 
breastfeeding 
 

  



Table S19. Inverse probability weighting results for associations of any breastfeeding with cardiometabolic outcomes 
 < 1 month 1-<3 months 3-<6 months  6- <9 months  9+ months  
 Mean difference (95% 

CI) 
Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

Body Mass Index (kg/m2) -0.44 (-1.03, 0.15) -0.18 (-0.67, 0.30) -0.00 (-0.47, 0.46) -0.40 (-0.85, 0.05) -0.41 (-0.83, -0.00) 
Waist Circumference (cm)  -0.38 (-1.91, 1.16) -0.67 (-1.91, 0.57) -0.18 (-1.35, 0.98) -1.07 (-2.21, 0.06) -1.07 (-2.13, -0.00) 
Systolic BP (mmHg) -0.48 (-2.02, 1.06) -1.74 (-3.23, -0.26) -0.74 (-2.10, 0.62) -1.45 (-2.79, -0.12) -2.11 (-3.39, -0.84) 
Arterial distensibility (mm)  0.00 (-0.01, 0.02) 0.01 (-0.01, 0.02) 0.00 (-0.01, 0.02) 0.01 (-0.01, 0.02) 0.00 (-0.01, 0.02) 
cIMT(mm) * -0.01 (-0.01, 0.00) -0.00 (-0.01, 0.01) 0.00 (-0.01, 0.01) 0.00 (-0.00, 0.01) -0.00 (-0.01, 0.01) 
CRP (% change) † -11.31 (-28.13, 5.51) -6.41 (-20.88, 8.07) -11.86 (-24.72, 1.01) -19.99 (-33.74, -6.24) -13.95 (-26.20, -1.69) 
HDL (mmol/L) ‡ -0.01 (-0.06, 0.04) 0.05 (0.00, 0.10) 0.02 (-0.02, 0.06) 0.08 (0.04, 0.13) 0.04 (-0.00, 0.08) 
Triglycerides (mmol/L) -0.08 (-0.18, 0.01) -0.10 (-0.19, -0.01) -0.07 (-0.16, 0.01) -0.13 (-0.21, -0.06) -0.13 (-0.20, -0.05) 
Insulin (% change) -0.05 (-8.94, 8.85) -4.23 (-12.06, 3.60) 3.00 (-4.47, 10.47) -8.04 (-15.61, -0.47) -4.41 (-11.02, 2.21) 
Proinsulin (% change) -1.57 (-10.46, 7.31) -0.35 (-8.79, 8.09) 1.67 (-6.39, 9.74) -4.35 (-12.66, 3.95) -4.80 (-11.55, 1.95) 

*cMIT - carotid intima-media thickness 
†CRP- C- reactive protein 
‡HDL- high density lipoprotein  
The reference group includes those who never breastfed 
All outcomes were adjusted for age at delivery, race, pre-pregnancy BMI, smoking, marital status, and gestational diabetes. Blood pressure outcomes were 
further adjusted for use of antihypertensive medications. Glucose, insulin, and proinsulin outcomes were further adjusted for diabetes medications. LDL-
cholesterol and HDL-cholesterol outcomes were further adjusted for cholesterol lowering medications. 
 
Inverse probability weighting was further used to examine the potential role of selection bias due to the participation rate at the 18 years follow-up visit. We 
estimated the probability of attending the follow-up visit 18 years after recruitment according to age, parity, race, marital status, social class, educational level, 
self-reported pre-pregnancy BMI, smoking status, HDP, and preterm birth in the index pregnancy and used these to weight analyses. 
 
 
 
 
 
 
 
 
 
 



Table S20. Inverse probability weighting results for associations of any breastfeeding with cardiometabolic outcomes stratified by hypertension 
during pregnancy 
 < 1 month 1-<3 months 3-<6 months  6- <9 months  9+ months  
 Mean difference (95% 

CI) 
Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

No Hypertensive disorders of pregnancy 
Diastolic BP (mmHg) -0.14 (-1.60, 1.33) -1.26 (-2.65, 0.12) -0.51 (-1.76, 0.75) -1.24 (-2.53, 0.05) -1.70 (-2.90, -0.50) 
Mean arterial pressure  -0.21 (-1.61, 1.19) -1.16 (-2.48, 0.17) -0.30 (-1.50, 0.90) -1.04 (-2.28, 0.19) -1.61 (-2.75, -0.47) 
LDL cholesterol (mmol/L)* -0.01 (-0.13, 0.12) 0.02 (-0.10, 0.13) 0.01 (-0.09, 0.11) -0.08 (-0.18, 0.03) -0.02 (-0.12, 0.08) 
Glucose (% change) 0.08 (-1.60, 1.76) -1.02 (-2.60, 0.57) 0.72 (-0.72, 2.15) -0.48 (-1.96, 1.00) 0.32 (-1.05, 1.68) 
Hypertensive disorders of pregnancy 
Diastolic BP (mmHg) -3.14 (-6.56, 0.28) -4.00 (-7.00, -1.00) -3.02 (-6.05, 0.01) -4.36 (-7.30, -1.43) -1.78 (-4.66, 1.10) 
Mean arterial pressure  -3.01 (-6.22, 0.19) -4.25 (-7.06, -1.43) -3.26 (-6.10, -0.41) -4.32 (-7.07, -1.57) -2.17 (-4.87, 0.54) 
LDL cholesterol (mmol/L)* -0.25 (-0.52, 0.02) -0.26 (-0.50, -0.02) -0.11 (-0.36, 0.13) -0.31 (-0.55, -0.08) -0.16 (-0.39, 0.07) 
Glucose (% change) -1.48 (-6.25, 3.30) -2.75 (-7.05, 1.55) -1.33 (-5.60, 2.95) -3.53 (-7.67, 0.62) -2.65 (-6.77, 1.48) 

*LDL- low density lipoprotein 
Reference group=participants who never breastfed 
All outcomes were adjusted for age at delivery, race, pre-pregnancy BMI, smoking, marital status, and gestational diabetes. Blood pressure outcomes were 
further adjusted for use of antihypertensive medications. Glucose, insulin, and proinsulin outcomes were further adjusted for diabetes medications. LDL-
cholesterol and HDL-cholesterol outcomes were further adjusted for cholesterol lowering medications. 
 
Inverse probability weighting was further used to examine the potential role of selection bias due to the participation rate at the 18 years follow-up visit. We 
estimated the probability of attending the follow-up visit 18 years after recruitment according to age, parity, race, marital status, social class, educational level, 
self-reported pre-pregnancy BMI, smoking status, HDP, and preterm birth in the index pregnancy and used these to weight analyses. 
 

  



Table S21. Inverse probability weighting results for associations of exclusive breastfeeding with cardiometabolic outcomes 
 < 1 month 1-<3 months 3-<6 months  
 Mean difference (95% CI) Mean difference (95% CI) Mean difference (95% CI) 
Body Mass Index (kg/m2) -0.24 (-0.62, 0.15) -0.09 (-0.48, 0.30) -0.40 (-0.77, -0.02) 
Waist Circumference (cm)  -0.46 (-1.50, 0.57) -0.27 (-1.32, 0.79) -0.94 (-1.94, 0.07) 
Systolic BP (mmHg) 0.13 (-1.23, 1.50) 0.23 (-1.17, 1.62) -0.53 (-1.86, 0.80) 
Arterial distensibility (mm)  0.00 (-0.01, 0.01) -0.00 (-0.02, 0.01) 0.00 (-0.01, 0.02) 
cIMT(mm) * 0.00 (-0.01, 0.01) -0.00 (-0.01, 0.01) 0.00 (-0.00, 0.01) 
CRP (% change) † -10.34 (-23.63, 2.95) -19.66 (-33.15, -6.17) -13.51 (-26.42, -0.60) 
HDL (mmol/L) ‡ 0.01 (-0.03, 0.06) 0.04 (-0.00, 0.09) 0.04 (-0.00, 0.09) 
Triglycerides (mmol/L) -0.01 (-0.08, 0.05) -0.06 (-0.12, 0.00) -0.05 (-0.11, 0.01) 
Insulin (% change) 2.72 (-4.39, 9.84) -1.68 (-8.89, 5.54) -1.98 (-8.89, 4.93) 
Proinsulin (% change) 0.64 (-6.35, 7.64) 0.86 (-6.25, 7.98) 0.33 (-6.47, 7.13) 

*cMIT - carotid intima-media thickness 
†CRP- C- reactive protein 
‡HDL- high density lipoprotein  
Reference group=participants who never breastfed 
All outcomes were adjusted for age at delivery, race, pre-pregnancy BMI, smoking, marital status, and gestational diabetes. Blood pressure outcomes were 
further adjusted for use of antihypertensive medications. Glucose, insulin, and proinsulin outcomes were further adjusted for diabetes medications. LDL-
cholesterol and HDL-cholesterol outcomes were further adjusted for cholesterol lowering medications. 
 
Inverse probability weighting was further used to examine the potential role of selection bias due to the participation rate at the 18 years follow-up visit. We 
estimated the probability of attending the follow-up visit 18 years after recruitment according to age, parity, race, marital status, social class, educational level, 
self-reported pre-pregnancy BMI, smoking status, HDP, and preterm birth in the index pregnancy and used these to weight analyses. 
 
 
 
 
 
 
 
 
 
 



Table S22. Inverse probability weighting results for associations of exclusive breastfeeding with cardiometabolic outcomes stratified by 
hypertension during pregnancy  
 < 1 month 1-<3 months 3-<6 months  
 Mean difference (95% CI) Mean difference (95% CI) Mean difference (95% CI) 

No Hypertensive disorders of pregnancy 
Diastolic BP (mmHg) -0.54 (-172, 0.65) -0.98 (-2.19, 0.23) -0.81 (-1.96, 0.34) 
Mean arterial pressure  -0.31 (-1.45, 0.82) -0.58 (-1.73, 0.58) -0.72 (-1.82, 0.39) 
LDL cholesterol (mmol/L)* -0.02 (-0.12, 0.08) 0.00 (-0.10, 0.11) -0.03 (-0.13, 0.06) 
Glucose (% change) -0.33 (-1.70, 1.04) 0.19 (-1.20, 1.58) -0.03 (-1.37, 1.30) 
Hypertensive disorders of pregnancy 
Diastolic BP (mmHg) -2.90 (-6.09, 0.28) -4.20 (-7.36, -1.04) -1.39 (-4.56, 1.77) 
Mean arterial pressure  -2.74 (-5.90, 0.43) -3.77 (-6.92, -0.63) -1.13 (-4.27, 2.01) 
LDL cholesterol (mmol/L) -0.51 (-0.82, -0.20) -0.34 (0.66, -0.02) -0.46 (-0.78, -0.15) 
Glucose (% change) -1.63 (-7.39, 4.12) -4.63 (-10.39, 1.14) -2.58 (-8.29, 3.14) 

*LDL- low density lipoprotein  
The reference group includes those who never breastfed 
All outcomes were adjusted for age at delivery, race, pre-pregnancy BMI, smoking, marital status, and gestational diabetes. Blood pressure outcomes were 
further adjusted for use of antihypertensive medications. Glucose, insulin, and proinsulin outcomes were further adjusted for diabetes medications. LDL-
cholesterol and HDL-cholesterol outcomes were further adjusted for cholesterol lowering medications. 
 
Inverse probability weighting was further used to examine the potential role of selection bias due to the participation rate at the 18 years follow-up visit. We 
estimated the probability of attending the follow-up visit 18 years after recruitment according to age, parity, race, marital status, social class, educational level, 
self-reported pre-pregnancy BMI, smoking status, HDP, and preterm birth in the index pregnancy and used these to weight analyses. 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table S23. Sensitivity analysis for associations of any breastfeeding with cardiometabolic outcomes restricted to primiparous women  
 < 1 month 1-<3 months 3-<6 months  6- <9 months  9+ months  
 Mean difference (95% 

CI) 
Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

Body Mass Index (kg/m2) -0.36 (-1.11, 0.39) -0.67 (-1.39, 0.04) -0.30 (-0.95, 0.35) -0.67 (-1.35, -0.00) -0.65 (-1.31, 0.01) 
Waist Circumference (cm)  -0.23 (-2.19, 1.74) -1.82 (-3.69, 0.06) -1.09 (-2.80, 0.61) -1.99 (-3.75, -0.23) -2.50 (-4.23, -0.77) 
Systolic BP (mmHg) -0.59 (-3.17, 1.99) -1.18 (-3.63, 1.27) -0.06 (-2.29, 2.16) 0.23 (-2.08, 2.54) -0.89 (-3.15, 1.38) 
Arterial distensibility (mm)  -0.02 (-0.05, 0.00) -0.00 (-0.03, 0.02) -0.01 (-0.03, 0.01) -0.00 (-0.03, 0.02) -0.01 (-0.03, 0.01) 
cIMT(mm) * -0.02 (-0.03, -0.00) -0.01 (-0.02, 0.01) -0.00 (-0.01, 0.01) 0.00 (-0.01, 0.01) -0.01 (-0.02, 0.00) 
CRP (% change) † -16.01 (-41.32, 9.29) -28.51 (-52.70, -4.31) -22.81 (-44.68, -0.95) -26.50 (-49.45, -3.55) -20.77 (-42.80, 1.25) 
HDL (mmol/L) ‡ -0.05 (-0.14, 0.04) 0.02 (-0.06, 0.11) 0.00 (-0.08, 0.08) 0.09 (0.01, 0.17) 0.03 (-0.05, 0.11) 
Triglycerides (mmol/L) 0.08 (-0.03, 0.19) -0.04 (-0.14, 0.05) 0.02 (-0.08, 0.12) -0.04 (-0.14, 0.05) -0.06 (-0.16, 0.04) 
Insulin (% change) 0.88 (-12.62, 14.38) -10.39 (-23.52, 2.75) -4.84 (-16.76, 7.09) -8.82 (-21.23, 3.60) -10.31 (-22.26, 1.65) 
Proinsulin (% change) -1.75 (-14.26, 10.76) -10.96 (-22.74, 0.83) -5.06 (-15.62, 5.50) -6.79 (-17.62, 4.04) -12.70 (-23.16, -2.25) 

*cMIT - carotid intima-media thickness 
†CRP- C- reactive protein 
‡HDL- high density lipoprotein  
Reference group=participants who never breastfed 
All outcomes were adjusted for age at delivery, race, pre-pregnancy BMI, smoking, marital status, and gestational diabetes. Blood pressure outcomes were 
further adjusted for use of antihypertensive medications. Glucose, insulin, and proinsulin outcomes were further adjusted for diabetes medications. LDL-
cholesterol and HDL-cholesterol outcomes were further adjusted for cholesterol lowering medications. 
 
  



Table S24. Sensitivity analysis for associations of any breastfeeding with cardiometabolic outcomes by hypertension during pregnancy restricted 
to primiparous women  

 < 1 month 1-<3 months 3-<6 months  6- <9 months  9+ months  
 Mean difference (95% 

CI) 
Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

No Hypertensive disorders of pregnancy 
Diastolic BP (mmHg) -0.87 (-3.34, 1.60) -1.50 (-3.95, 0.95) 0.78 (-1.40, 2.95) -0.04 (-2.29, 2.22) -2.55 (-4.76, -0.35) 
Mean arterial pressure  -0.57 (-2.93, 1.79) -1.28 (-3.62, 1.05) 0.97 (-1.10, 3.04) 0.36 (-1.79, 2.51) -1.74 (-3.84, 0.36) 
LDL cholesterol (mmol/L)* 0.13 (-0.09, 0.35) 0.10 (-0.11, 0.31) 0.08 (-0.11, 0.28) -0.04 (-0.23, 0.16) -0.06 (-0.25, 0.13) 
Glucose (% change) 0.51 (-1.95, 2.97) -0.10 (-2.57, 2.37) 1.05 (-1.16, 3.27) -0.03 (-2.29, 2.23) -0.68 (-2.89, 1.53) 
Hypertensive disorders of pregnancy 
Diastolic BP (mmHg) -2.24 (-6.45, 1.97) -2.94 (-6.35, 0.46) -3.99 (-7.53, -0.45) -3.71 (-7.19, -0.22) -0.82 (-4.31, 2.68) 
Mean arterial pressure  -1.36 (-5.55, 2.83) -2.82 (-6.21, 0.56) -3.88 (-7.39, -0.36) -3.09 (-6.55, 0.38)_ -0.87 (-4.35, 2.60) 
LDL cholesterol (mmol/L)* -0.49 (-0.90, -0.08) -0.47 (-0.82, -0.13) -0.31 (-0.65, 0.03) -0.54 (-0.88, -0.20) -0.35 (-0.71, 0.01) 
Glucose (% change) -0.44 (-7.82, 6.94) -6.38 (-12.47, -0.29) -0.77 (-7.28, 5.73) -3.26 (-9.33, 2.82) -1.33 (-7.56, 4.90) 

*LDL- low density lipoprotein  
Reference group=participants who never breastfed 
All outcomes were adjusted for age at delivery, race, pre-pregnancy BMI, smoking, marital status, and gestational diabetes. Blood pressure outcomes were 
further adjusted for use of antihypertensive medications. Glucose, insulin, and proinsulin outcomes were further adjusted for diabetes medications. LDL-
cholesterol and HDL-cholesterol outcomes were further adjusted for cholesterol lowering medications. 
 
 
  



Table S25. Sensitivity analysis for associations of exclusive breastfeeding with cardiometabolic outcomes restricted to primiparous women 
 < 1 month 1-<3 months 3-<6 months  
 Mean difference (95% CI) Mean difference (95% CI) Mean difference (95% CI) 
Body Mass Index (kg/m2) -0.05 (-0.75, 0.65) -0.49 (-1.19, 0.22) -0.60 (-1.29, 0.09) 
Waist Circumference (cm)  -0.22 (2.08, 1.64) -1.06 (-2.93, 0.81) -1.79 (-3.62, 0.05) 
Systolic BP (mmHg) 0.19 (-2.27, 2.64) 0.91 (-1.55, 3.36) 0.29 (-2.12, 2.70) 
Arterial distensibility (mm)  -0.01 (-0.04, 0.01) -0.01 (-0.03, 0.02) -0.00 (-0.03, 0.02) 
cIMT(mm) * -0.01 (-0.02, 0.01) -0.01 (-0.02, 0.01) -0.00 (-0.01, 0.01) 
CRP (% change) † -3.12 (-27.08, 20.85) -24.82 (-49.42, -0.22) -19.34 (-43.28, 4.60) 
HDL (mmol/L) ‡ -0.05 (-0.14, 0.03) 0.05 (-0.03, 0.13) 0.02 (-0.06, 0.11) 
Triglycerides (mmol/L) 0.07 (-0.03, 0.17) -0.08 (-0.18, 0.02) 0.01 (-0.09, 0.11) 
Insulin (% change) -2.21 (-15.08, 10.65) -14.23 (-27.18, -1.29) -7.59 (-20.08, 4.91) 
Proinsulin (% change) -2.71 (-14.68, 9.25) -10.40 (-22.27, 1.48) -5.05 (-16.16, 6.06) 

*cMIT - carotid intima-media thickness 
†CRP- C- reactive protein 
‡HDL- high density lipoprotein  
Reference group=participants who never breastfed 
All outcomes were adjusted for age at delivery, race, pre-pregnancy BMI, smoking, marital status, and gestational diabetes. Blood pressure outcomes were 
further adjusted for use of antihypertensive medications. Glucose, insulin, and proinsulin outcomes were further adjusted for diabetes medications. LDL-
cholesterol and HDL-cholesterol outcomes were further adjusted for cholesterol lowering medications. 
 
  



Table S26. Sensitivity analysis for associations of exclusive breastfeeding with cardiometabolic outcomes by hypertension during pregnancy 
restricted to primiparous women 
 < 1 month 1-<3 months 3-<6 months  
 Mean difference (95% CI) Mean difference (95% CI) Mean difference (95% CI) 
No Hypertensive disorders of pregnancy 
Diastolic BP (mmHg) -1.04 (-3.15, 1.08) -0.07 (-2.20, 2.06) -1.01 (-3.10, 1.08) 
Mean arterial pressure  -0.63 (-2.64, 1.38) 0.25 (-1.77, 2.28) -0.58 (-2.57, 1.41) 
LDL cholesterol (mmol/L)* 0.11 (-0.08, 0.29) -0.01 (-0.19, 0.18) 0.01 (-0.17, 0.20) 
Glucose (% change) 0.49 (-1.66, 2.63) -0.36 (-1.76, 2.49) -0.23 (-2.31,1.86) 
Hypertensive disorders of pregnancy 
Diastolic BP (mmHg) -2.90 (-6.09,0.28) -4.20 (-7.36, -1.04) -1.39 (-4.56, 1.77) 
Mean arterial pressure  -2.74 (-5.90, 0.43) -3.77 (-6.92, -0.63) -1.13 (-4.27, 2.01) 
LDL cholesterol (mmol/L)* -0.51 (-0.81, -0.20) -0.34 (-0.66, -0.02) -0.46 (-0.78, -0.15) 
Glucose (% change) -1.63 (-7.39, 4.12) -4.63 (-10.39, 1.14) -2.58 (-8.29, 3.14) 

*LDL- low density lipoprotein  
Reference group=participants who never breastfed 
All outcomes were adjusted for age at delivery, race, pre-pregnancy BMI, smoking, marital status, and gestational diabetes. Blood pressure outcomes were 
further adjusted for use of antihypertensive medications. Glucose, insulin, and proinsulin outcomes were further adjusted for diabetes medications. LDL-
cholesterol and HDL-cholesterol outcomes were further adjusted for cholesterol lowering medications. 
 
 
  



Table S27. Sensitivity analysis for associations of any breastfeeding with cardiometabolic outcomes restricted to multiparous women  
 < 1 month 1-<3 months 3-<6 months  6- <9 months  9+ months  
 Mean difference (95% 

CI) 
Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

Body Mass Index (kg/m2) -0.32 (-0.94, 0.30) -0.18 (-0.74, 0.38) -0.09 (-0.60, -.42) -0.53 (-1.04, -0.01) -0.44 (-0.90, 0.03) 
Waist Circumference (cm)  -0.64 (-2.31, 1.03) -0.86 (-2.36, 0.63) -0.37 (-1.74, 1.01) -1.06 (-2.43, 0.31) -0.75 (-1.99, 0.50) 
Systolic BP (mmHg) -0.40 (-2.59, 1.79) -1.23 (-3.20, 0.74) 0.19 (-1.61, 1.98) -0.78 (-2.59, 1.03) -1.14 (-2.78, 0.50) 
Arterial distensibility (mm)  0.01 (-0.01, 0.03) 0.01 (-0.01, 0.03) 0.00 (-0.01, 0.02) 0.01 (-0.01, 0.03) 0.01 (-0.01, 0.02) 
cIMT(mm) * -0.00 (-0.02, 0.01) 0.00 (-0.01, 0.01) 0.01 (-0.00, 0.01) 0.00 (-0.00, 0.01) 0.00 (-0.01, 0.01) 
CRP (% change) † -20.48 (-40.23, -0.72) -9.77 (-27.63, 8.08) -18.89 (-35.00, -2.78) -25.31 (-41.68, -8.95) -20.92 (-35.59, -6.24) 
HDL (mmol/L) ‡ 0.01 (-0.06, 0.08) 0.09 (0.03, 0.15) 0.04 (-0.02, 0.09) 0.06 (0.00, 0.11) 0.05 (-0.00, 0.10) 
Triglycerides (mmol/L) -0.10 (-0.20, 0.00) -0.12 (-0.20, -0.03) -0.04 (-0.12, 0.04) -0.08 (-0.16, 0.01) -0.09 (-0.16, -0.01) 
Insulin (% change) -3.64 (-14.49, 7.20) -9.05 (-18.89, 0.79) 0.64 (-8.16, 9.45) -11.94 (-20.70, -3.18) -5.48 (-13.41, 2.46) 
Proinsulin (% change) -1.80 (-12.13, 8.54) -2.45 (-11.65, 6.74) 3.79 (-4.51, 12.08) -10.03 (-18.37, -1.69) -4.92 (-12.46, 2.63) 

*cMIT - carotid intima-media thickness 
†CRP- C- reactive protein 
‡HDL- high density lipoprotein  
Reference group=participants who never breastfed 
All outcomes were adjusted for age at delivery, race, pre-pregnancy BMI, smoking, marital status, and gestational diabetes. Blood pressure outcomes were 
further adjusted for use of antihypertensive medications. Glucose, insulin, and proinsulin outcomes were further adjusted for diabetes medications. LDL-
cholesterol and HDL-cholesterol outcomes were further adjusted for cholesterol lowering medications. 
 
  
  



Table S28. Sensitivity analysis for associations of any breastfeeding with cardiometabolic outcomes by hypertension during pregnancy restricted 
to multiparous women  

 < 1 month 1-<3 months 3-<6 months  6- <9 months  9+ months  
 Mean difference (95% 

CI) 
Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

No Hypertensive disorders of pregnancy 
Diastolic BP (mmHg) 0.24 (-1.74, 2.21) -1.15 (-2.91, 0.61) -0.59 (-2.20, 1.02) -0.66 (-2.28, 0.95) -0.73 (-2.20, 0.74) 
Mean arterial pressure  0.16 (-1.74, 2.06) -1.08 (-2.77, 0.62) -0.22 (-1.76, 1.33) -0.52 (-2.08, 1.04) -0.75 (-2.16, 0.67) 
LDL cholesterol (mmol/L)* -0.05 (-0.21, 0.12) -0.03 (-0.18, 0.12) -0.04 (-0.17, 0.09) -0.05 (-0.18, 0.08) -0.05 (-0.17, 0.07) 
Glucose (% change) -0.73 (-2.88, 1.42) -0.94 (-2.94, 1.06) 0.88 (-0.87, 2.62) -0.93 (-2.68, 0.83) 0.14 (-1.44, 1.72) 
Hypertensive disorders of pregnancy  
Diastolic BP (mmHg) -4.47 (-10.28, 1.34) -2.55 (-7.98, 2.88) -2.49 (-7.62, 2.64) -6.88 (-11.83, -1.94) -2.71 (-7.37, 1.95) 
Mean arterial pressure  -4.52 (-9.89, 0.85) -2.82 (-7.84, 2.20) -2.80 (-7.54, 1.95) -6.75 (-11.32, -2.18) -3.05 (-7.36, 1.26) 
LDL cholesterol (mmol/L)* -0.00 (-0.38, 0.38) -0.30 (-0.66, 0.05) -0.09 (-0.42, 0.25) -0.25 (-0.56, 0.07) -0.16 (-0.46, 0.14) 
Glucose (% change) -0.34 (-6.49, 5.82) -0.78 (-6.76, 5.20) -1.77 (-7.24, 3.70) -4.01 (-9.37, 1.36) -3.97 (-9.02, 1.08) 

*LDL- low density lipoprotein  
Reference group=participants who never breastfed 
All outcomes were adjusted for age at delivery, race, pre-pregnancy BMI, smoking, marital status, and gestational diabetes. Blood pressure outcomes were 
further adjusted for use of antihypertensive medications. Glucose, insulin, and proinsulin outcomes were further adjusted for diabetes medications. LDL-
cholesterol and HDL-cholesterol outcomes were further adjusted for cholesterol lowering medications. 
 
 
  



Table S29. Sensitivity analysis for associations of exclusive breastfeeding with cardiometabolic outcomes restricted to multiparous women 
 < 1 month 1-<3 months 3-<6 months  
 Mean difference (95% 

CI) 
Mean difference (95% 
CI) 

Mean difference (95% 
CI) 

Body Mass Index (kg/m2) -0.33 (-0.82, 0.17) -0.12 (-0.62, 0.39) -0.40 (-0.86, 0.07) 
Waist Circumference (cm)  -0.83 (-2.17, 0.52) -0.35 (-1.72, 1.02) -0.89 (-2.16, 0.38) 
Systolic BP (mmHg) -0.43 (-2.17, 1.32) 0.33 (-1.43, 2.09) -0.71 (-2.34, 0.93) 
Arterial distensibility (mm)  0.01 (-0.01, 0.03) -0.00 (-0.02, 0.01) 0.01 (-0.01, 0.02) 
cIMT(mm) * 0.00 (-0.01, 0.01) 0.00 (-0.01, 0.01) 00.01 (-0.00, 0.01) 
CRP (% change) † -21.76 (-37.74, -5.79) -23.40 (-39.68, -7.11) -18.50 (-33.63, -3.36) 
HDL (mmol/L) ‡ 0.05 (-0.00, 0.11) 0.03 (-0.03, 0.09) 0.05 (-0.01, 0.10) 
Triglycerides (mmol/L) -0.08 (-0.16, -0.00) -0.05 (-0.13, 0.03) -0.07 (-0.15, 0.00) 
Insulin (% change) -4.26 (-13.11, 4.59) -2.56 (-12.30, 5.19) -5.69 (-13.91, 2.54) 
Proinsulin (% change) -3.87 (-12.17, 4.44) -0.77 (-8.91, 7.36) -3.63 (-11.36, 4.11) 

*cMIT - carotid intima-media thickness 
†CRP- C- reactive protein 
‡HDL- high density lipoprotein  
Reference group=participants who never breastfed 
All outcomes were adjusted for age at delivery, race, pre-pregnancy BMI, smoking, marital status, and gestational diabetes. Blood pressure outcomes were 
further adjusted for use of antihypertensive medications. Glucose, insulin, and proinsulin outcomes were further adjusted for diabetes medications. LDL-
cholesterol and HDL-cholesterol outcomes were further adjusted for cholesterol lowering medications. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table S30. Sensitivity analysis for associations of exclusive breastfeeding with cardiometabolic outcomes by hypertension during pregnancy 
restricted to multiparous women  

 < 1 month 1-<3 months 3-<6 months  
 Mean difference (95% CI) Mean difference (95% CI) Mean difference (95% CI) 
No Hypertensive disorders of pregnancy 
Diastolic BP (mmHg) -0.32 (-1.82, 1.18) -1.09 (-2.61, 0.43) -0.58 (-1.99, 0.84) 
Mean arterial pressure  -0.36 (-1.80, 1.09) -0.62 (-2.08, 0.85) -0.62 (-1.98, 0.74) 
LDL cholesterol (mmol/L)* -0.07 (-0.20, 0.05) 0.04 (-0.08, 0.16) -0.08 (-0.20, 0.04) 
Glucose (% change) -0.93 (-2.59 ,0.73) 0.60 (-1.03, 2.22) -0.17 (-1.70, 1.37) 
Hypertensive disorders of pregnancy 
Diastolic BP (mmHg) -2.88 (-7.31, 1.55) -4.68 (-9.49, 0.14) -4.03 (-8.44, 0.38) 
Mean arterial pressure  -2.67 (-6.76, 1.41) -4.66 (-9.10, -0.21) -4.73 (-8.80, -0.67) 
LDL cholesterol (mmol/L)* -0.04 (-0.33, 0.25) -0.28 (-0.59, 0.02) -0.22 (-0.50, 0.06) 
Glucose (% change) -0.80 (-5.60, 4.00) -3.02 (-8.17, 2.14) -3.73 (-8.54, 1.09) 

*LDL- low density lipoprotein  
Reference group=participants who never breastfed 
All outcomes were adjusted for age at delivery, race, pre-pregnancy BMI, smoking, marital status, and gestational diabetes. Blood pressure outcomes were 
further adjusted for use of antihypertensive medications. Glucose, insulin, and proinsulin outcomes were further adjusted for diabetes medications. LDL-
cholesterol and HDL-cholesterol outcomes were further adjusted for cholesterol lowering medications. 
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