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Abstract
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Background This study aimed to evaluate the association of lactation duration with incident
ischemic heart disease (IHD) and to determine the potential health gains from scaling up
breastfeeding practice.

Methods 130,147 parous postmenopausal females without IHD were included at baseline
(2004-2008) from the China Kadoorie Biobank study. Lactation duration was self-reported
and measured as lifetime, per child, and first child, respectively. Incident IHD was identified
during follow-up (2004-2015). The dose-response associations between lactation duration
and IHD were examined using Cox models with restricted cubic splines. Stratification
analyses were conducted by socioeconomic status (SES) and residence. The number of
preventable IHD cases was estimated using the population attributable fraction and
potential impact fraction in various scenarios.

Results The study shows that parous postmenopausal females who ever lactated have
significantly lower risks of IHD, with adjusted hazard ratios (aHRs) varying from 0.71 (95%Cl:
0.63-0.80) t0 0.85 (95%Cl: 0.75-0.96) for a lifetime, from 0.70 (0.63-0.78) t0 0.82 (0.72-0.93)
for per-child, and from 0.80 (0.74-0.87) to 0.92 (0.85-0.99) for the first-child, appearing as U-
shaped associations. Similar associations are found in females with low SES and urban
residence. The scaling up of breastfeeding to near-universal levels could have prevented up
to 115,000 new IHD cases among Chinese females aged over 40 years in 2019.
Conclusions Lactation demonstrates potential benefits in reducing IHD risk, appearing as
U-shaped associations among Chinese parous postmenopausal females, especially for
those with low SES in urban areas. Scaling up breastfeeding practices serves as a promising
strategy for reducing the IHD burden in China.

We investigated whether people who
breastfeed their babies are less likely to
develop heart disease as a consequence of
reduced blood flow to the heart (IHD) later in
life. We studied postmenopausal females in
China and found that people who had
breastfed their infants had a lower risk of
developing IHD than those who had never
breastfed. The risk reduction increased if
people breastfed for up to 10 months per child
or had low socioeconomic status and lived in
urban areas. This suggests that encouraging
and supporting breastfeeding, particularly for
urban women with low socioeconomic
status, may help reduce the IHD risk.

As the most common cardiovascular disease (CVD), ischemic heart disease
(THD) continues to pose a severe threat to public health'”. Globally, despite a
decline in THD mortality over the past decade, IHD remains a leading cause
of death, responsible for approximately 9.14 million deaths, or 16.1% of total
deaths in 2019". The burden of THD is also substantial in China, where the
number of IHD-related deaths increased by 30.2% from 2010 to 2019,
reaching 1.87 million deaths in 2019°”°. The upward trend of age-
standardized IHD mortality recently has become a cause of concern’. In
response, China has set a goal of reducing the mortality of CVDs by 25%

before 2025, as outlined in its Medium and Long-term Plan for Prevention
and Treatment of Chronic Diseases (2017-2025)°. As the incidence of IHD
continues to rise due to the ageing trends, the economic burden on families
and society is expected to grow’”. Therefore, primary prevention strategies,
accurate diagnoses, and efficient treatments for IHD are urgently needed.
The Lancet Women and Cardiovascular Disease Commission has called for
sex-specific research on CVDs to reduce the global burden of CVDs in
women by 2030”. Obvious sex-based differences have been revealed in risk
factors, pathophysiology, clinical presentation, and epidemiology of IHD'*"".
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Compared to males, post-menopausal females are more likely to develop
IHD and have a higher prevalence and mortality of IHD'>". These differ-
ences may partly be attributed to variations in reproductive events and the
consequent hormonal fluctuations affecting females’ cardiovascular system'".

Lactation is the process by which the mother secretes milk from her
mammary glands to feed her newborn following childbirth'. Previous
studies have revealed that lactation is associated with a reduced risk of
coronary artery heart disease (CHD), coronary artery and aortic calcifica-
tion, stroke, metabolic syndrome, hypertension, and diabetes'*'. A pro-
spective study based on 267,400 female textile workers in Shanghai, China,
suggested that females who did not breastfeed after childbirth had a slightly
increased risk of IHD mortality'’. Nonetheless, the dose-response rela-
tionship between lactation duration and the risk of IHD is poorly
understood'**’. Socioeconomic status (SES) is a well-established determi-
nant of health outcomes, with profound implications on CVDs”'. However,
the extent to which the associations between lactation and IHD are influ-
enced by SES remains poorly understood.

The population attributable fraction (PAF) and potential impact
fraction (PIF) are instrumental in estimating the proportion of disease
burden that could be prevented in a population through the elimination of a
specific risk factor. These metrics have been widely used to estimate the
population impact of preventive interventions under different scenarios on
various diseases, including CVDs, and dementia, providing a theoretical
basis for policymaking™*’. The World Health Organization and the infant
feeding guideline in China have recommended exclusive breastfeeding for
infants until the age of 6 months, followed by continued breastfeeding until
the age of 2 years or beyond, as the optimal breastfeeding strategy™*””.
However, the current rate of lactation for 6 months in China is less than 30%,
which falls short of the goal of 50% by 2020 set by the National Nutrition
Plan (2017-2030), and the global average level of 43%°*”. By far, how
scaling up breastfeeding practice could be beneficial for IHD prevention in
China remains unknown.

To fill the gap of knowledge, we investigated the dose-response asso-
ciations of lactation duration, measuring as lifetime lactation duration, per-
child lactation duration, first-child lactation duration, with the risk of IHD
among parous postmenopausal females in the China Kadoorie Biobank
(CKB) study. We also examined these associations across different SES and
residential subgroups to elucidate potential disparities. Furthermore, we
employed scenario-based PAF and PIF to estimate the potential impact of
universal breastfeeding on preventing IHD among Chinese parous post-
menopausal females.

Parous postmenopausal females who breastfed have a lower risk of
IHD compared to those who never lactated, especially for those with low
socioeconomic status in urban areas. A U-shaped association suggests that a
lactation duration of up to 10 months per child is linked to greater IHD risk
reduction. Scaling up breastfeeding practices serves as a promising strategy
for reducing the IHD burden in China, highlighting the potential
population-level benefits of promoting extended breastfeeding.

Methods
Study design and participants
The CKB study is a large-scale prospective cohort study in the Chinese
population”. The baseline survey took place between June 25, 2004, and
July 15, 2008, in ten geographically defined regions (five urban, five rural)
across China. 512,726 residents aged 30-79 years (born in 1930-1970) were
recruited. At baseline, trained health workers administered laptop-based
questionnaires on socio-demographics, lifestyle behaviors, medical history,
and females’ reproductive history, measured height, weight, waist cir-
cumference (WC), and blood pressure, and collected blood samples. For
long-term follow-up (2004-2015), all participants were followed by hospital
admission, while disease diagnoses were collected through electronic linkage
with local chronic disease registries and the new national health insurance
claim databases.

Ethics approvals for the CKB study were obtained from the Ethical
Review Committee of the Chinese Center for Disease Control and Prevention

(Beijing, China) (Approval No. 005/2004), and the Oxford Tropical Research
Ethics Committee, University of Oxford (UK) (Approval No. 025-04). All
participants provided written informed consent for participation.

Among the 512,726 participants, we excluded females with a history of
breast lump removal, hysterectomy, ovary removal, cancer, coronary heart
disease, or ischemic heart disease at baseline, 272,052 parous females were
included in our study (Supplementary Fig. S1). We further excluded females
with exceptionally long each-child lactation duration (>60 months) or
missing data on socio-demographics and lifestyle factors, resulting 271,435
included. Among them, 134,094 were postmenopausal. After excluding
those with abnormal menopausal age (<40 or >baseline age)3 ' 130,147
parous postmenopausal females were our study sample for the analysis.

Assessment of lactation duration

At baseline, females completed an interviewer-administered electronic
questionnaire on lactation duration for each live birth using the specific
question “Age and length of lactation at each live birth”. Lifetime lactation
duration was the summation of the lactation duration for all live births and
was categorized into never, 1-12 months, 13-24 months, 25-36 months,
37-48 months, and >48 months”. Per-child lactation duration was calcu-
lated as lifetime lactation duration divided by live birth counts. Lactation
duration for the first child was also assessed in our analysis. Per-child lac-
tation duration and first-child lactation duration were divided into six
categories, respectively (never, 1-6 months, 7-12 months, 13-18 months,
19-24 months, and >24 months), based on the infant feeding guideline 2022
in China®. Parous postmenopausal females who had never lactated were
considered as references.

Ascertainment of incident IHD

During the follow-up (2004-2015), IHD was assessed through hospital
admission, established disease registries, and health insurance databases in
China®. THD was coded by trained staff ‘blinded’ to baseline information
according to the International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision (ICD-10) (120-125).

Covariates

Baseline information on covariates included socio-demographics, lifestyle
factors, anthropometric measurements, medical history, and reproductive
factors.

Socio-demographics included age at baseline, marital status, residence,
and socioeconomic factors (highest education attainment, occupation, and
annual household income). Marital status was classified as married and
unmarried (never married or separated or widowed or divorced). Residence
was divided into rural and urban. Highest education attainment was cate-
gorized into less than primary school, middle school, high school or above.
Occupation was classified into three categories: unemployed, retired or
others; farmer or worker; sales, self-employed, manager or professional.
Annual household income was divided into three levels: low (<¥10,000),
middle-low (¥10,000-34,999), and high (=¥35,000). 1 CNY was approxi-
mately equal to 0.125 USD at the time of the survey.

Lifestyle factors included smoking status, passive smoking status,
alcohol intake, and physical activity in metabolic-equivalents of task (MET).
Smoking status was divided into non-smoker and smoker (occasional, ex-
regular, current smoker), while passive smoking, also named second-hand
smoking, was classified as occasionally and most days. Alcohol intake status
was categorized into non-drinker and drinker (ex-regular, occasional,
monthly, reduced intake, weekly drinker). Physical activity was defined as a
continuous variable and measured by MET. The information on physical
activity, including occupational tasks, commuting, leisure time activities,
and household tasks, was collected at baseline™. METs of different physical
activities were validated from the 2011 compendium of physical activities,
and separately multiplied by the frequency and duration of physical activity
to calculate physical activity in MET (hours/day)™.

Anthropometric measurements included height, weight, and WC.
Body mass index (BMI) was calculated as the body weight in kilograms
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divided by the square of the height in meters (kg/m2), and was further
divided into underweight ( < 18.5 kg/m®), normal weight (18.5-23.9 kg/m’),
overweight (24.0-27.9 kg/m’), and obesity ( > 28.0 kg/m®)**. While WC >
85 cm for females was defined as central obesity™.

Medical history contained the history of stroke, history of diabetes,
history of hypertension, and medication use, such as anticoagulation ther-
apy, hypolipidemic therapy, and they were all dichotomous. Random glu-
cose was assessed using the Sure Step Plus System (Johnson & Johnson, New
Brunswick, NJ, USA). If the value was between 7.8 mmol/L and 11.0 mmol/
L, a fasting glucose test was required”. Diabetes was defined as fasting
glucose >7.0 mmol/L, random glucose >11.1 mmol/L, or self-reported
physician diagnosis or under treatment™. Blood pressure was measured
twice, and the average of the two measurements was recorded. If the dif-
ference in systolic blood pressure was greater than 10 mmHg, a third
measurement would be carried out, and the average of the last two values
would be recorded. Hypertension was defined as blood pressure >140/
90 mmHg, self-reported physician diagnosis, or using drugs to lower blood
pressure”.

Reproductive events included history of taking oral contraceptive pills,
gravidity, parity, age at first live birth, and age at menopause. Gravidity was
classified into three levels: <3, 4, and >5. Parity was divided into <3,4-6,and
7-10. Age at first live birth was classified into <20 years, 20-24 years, and >24
years"’. Age at menopause was divided into <45 years, 45-54 years, and >54
years''.

Statistics and reproducibility

Latent class analysis (LCA) was employed to identify underlying socio-
economic status (SES) classes based on three individual socioeconomic
factors: highest education attainment, occupation, and annual household
income. Each factor was categorized into three levels for practical inter-
pretation and considering sample size. The selection criteria of various LCA
models included theoretical interpretability and fit statistics, such as low
absolute Akaike information criterion and Bayesian information criterion
values, likelihood ratio statistic, and high-scaled relative entropy**™**. The
scaled relative entropy measures the certainty of classification, where 0%
indicates poor certainty and 100% represents perfect certainty. Finally, two
latent SES classes (low, high) were identified according to the item-response
probabilities, and the class memberships were determined by the posterior
item probabilities (Supplementary Table S1). The study used the R package
poLCA (v1.6.0) to implement the LCA procedure®.

Baseline characteristics of the included parous postmenopausal
females were described in the form of means and standard deviations (SDs)
for normally distributed continuous variables, and medians and inter-
quartile ranges (IQRs) for non-normally distributed continuous variables.
Differences were examined by using two samples t-test or Wilcoxon rank
sum test, accordingly. Numbers (N) and percentages (%) were presented for
categorical variables, with differences calculated using Chi-square test. The
incidence density of incident IHD was calculated as the number of events
per 100,000 person-years.

Cox proportional hazard regression models were used to estimate the
hazard ratios (HRs) and 95% confidence intervals (CIs) of lactation dura-
tions (lifetime lactation duration, per-child lactation duration, and first-
child lactation duration) with incident IHD during follow-up. The pro-
portional hazards assumption was examined by Schoenfeld residuals plot
(Supplementary Fig. S2). To address the time-varying effects, Cox models
used age as the underlying time scale and adopted a strata function of birth
cohort (in 1-year intervals). The time to event was determined as the period
from the baseline survey (2004 to 2008) to the date of the IHD event, death,
loss to follow-up, or the end of follow-up (December 31, 2015), whichever
came first. Model 1 was adjusted for age at baseline. Model 2 was addi-
tionally adjusted for socio-demographics (marital status, residence, highest
education attainment, occupation, annual household income), lifestyle
factors (smoking status, passive smoking status, alcohol intake, physical
activity), anthropometric measurements (BMI, WC), medical history
(history of stroke, history of diabetes, history of hypertension, history of

anticoagulation therapy, history of hypolipidemic therapy), and reproduc-
tive factors (history of taking oral contraceptive pills, parity, age at first live
birth, age at menopause). A competing risk model analysis was conducted to
account for the influence of death as a competing event on IHD. Restricted
cubic splines (RCS) were used to investigate the dose-risk associations of
various forms of lactation durations with incident IHD.

To examine potential variations in different subgroups, we conducted
stratified analyses based on various factors, including SES-residence, SES,
residence, SES components, and parity. Furthermore, we performed stra-
tification analysis by menopausal status to assess the variations in pre-
menopausal and perimenopausal females. P for interaction was evaluated by
comparing models with and without a multiplicative interaction term,
which included one each for lactation and stratification variables. In addi-
tion, we conducted two sensitivity analyses to examine the potential con-
founding effects of these factors on the model performance. Firstly, we
excluded participants who were taking cardiovascular drugs such as
angiotensin-converting enzyme inhibitors, beta-blockers, calcium antago-
nists, diuretics, aspirin, and statins. Secondly, we excluded participants with
cardiovascular diseases (stroke, diabetes, hypertension, rheumatic heart
disease, kidney disease).

To provide a population perspective of how scaling up breastfeeding
duration practice may impact the number of IHD cases in China, we cal-
culated the number of preventable IHD cases among Chinese females over
40 in 2019 based on three hypothetical scenarios for average lactation
duration per child: (I) all females lactating for an optimal duration
(7-12 months as indicated in CKB); (II) 50% of non-lactation females
switching to lactating for an optimal duration (7-12 months); (IIT) 50% of
females who lactate for less than 7 months or not at all extending their
lactation duration to an optimal duration (7-12 months). In contrast to
PAF, which is typically based on an impractical counterfactual scenario
assuming a 100% reduction in the risk factor, PIF is estimated based on
reasonably achievable theoretical counterfactual scenarios**. This study
used PAF for scenario I and PIF for scenarios II and III to estimate the
preventable IHD cases.

The calculation of PAF was based on the following equation™:

> i1 Pe; (HRi - 1)

PAF =
S Pe;(HR, — 1) + 1

1

Where Pe; =the fraction of the IHD cases in the lactation duration
category i, HR; = the relative hazard ratio for IHD at lactation duration
category i, n = the number of lactation duration categories.

The PIF was calculated by the following formula:

(Pe—P'e)x (HR— 1)

PIF =
Pe(HR — 1) + 1

)

Where Pe = the fraction of the IHD cases in lactation duration category,
P’e = the counterfactual fraction of the IHD cases that lactation duration
category adherent to the optimal duration, HR = the relative hazard ratio for
IHD at lactation duration category.

The fraction of IHD cases in each category of average lactation duration
per child and relative HRs of IHD were derived from CKB. The 95% CI of
PAF and PIF were calculated using bootstrap®. We further calculated how
many fewer ITHD cases could be expected based on PAF or PIF. The pre-
ventable IHD cases were estimated based on the number of incidents of IHD
among Chinese females above 40 years old in 2019 in Global Burden of
Disease 2019".

All analyses were performed using R statistical software (version 4.2.2).
The statistical significance was set at two-tailed P < 0.05. This study followed
the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline for cohort studies.
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Case (%) Incidence Density

Lifetime lactation duration

Never 367 (2.6) 1811.8
1-12 months 1,216 (8.5) 967.6
13-24 months 2,395 (16.8) 1001.9
25-36 months 2,454 (17.2) 1179.0
37-48 months 2,041 (14.3) 1307.3
>48 months 5,795 (40.6) 1571.5
Per-child lactation duration
Never 367 (2.6) 1811.8
1-6 months 649 (4.5) 1416.8
7-12 months 5,807 (40.7) 1190.8
13-18 months 3,547 (24.9) 1345.0
19-24 months 2,591 (18.2) 1320.7
>24 months 1,307 (9.2) 1252.2
First-child lactation duration
Never 750 (5.3) 1595.3
1-6 months 1,021 (7.2) 1499.6
7-12 months 6,442 (45.1) 1201.8
13-18 months 2,945 (20.6) 1337.7
19-24 months 2,266 (15.9) 1294.1
>24 months 844 (5.9) 1178.4

Fig. 1 | Associations of lactation duration with the risk of ischemic heart disease
among parous postmenopausal females (N = 130,147). Notes: IHD ischemic heart
disease, aHR adjusted hazard ratio, CI confidence interval. Colors in yellow, blue,
and purple represent the lactation duration of a lifetime per child and first child,
respectively. Cases (%) were expressed in numbers with percent. Incidence density
was expressed per 100,000 person-years. The model was adjusted for age, marital

THD HR (95% CI)

Reference
0.71 (0.63-0.80)
0.73 (0.65-0.81)
0.75 (0.67-0.84)
0.79 (0.70-0.89)
0.85 (0.75-0.96)

Reference
0.82 (0.72-0.93)
0.70 (0.63-0.78)
0.79 (0.71-0.89)
0.78 (0.70-0.88)
0.78 (0.69-0.88)

Reference
0.97 (0.88-1.06)
0.80 (0.74-0.87)
0.92 (0.85-0.99)
0.86 (0.79-0.94)
0.81 (0.73-0.90)

[ I I I I |
0.60 0.70 0.80 0.90 1.00 1.10 1.20

HR (95%CI)

status, residence, highest education attainment, occupation, annual household
income, body mass index, waist circumference, smoking status, passive smoking,
alcohol intake status, physical activity in metabolic equivalents of task hours/day,
history of anticoagulation therapy, history of hypolipidemic therapy, history of
stroke, history of diabetes, history of hypertension, history of oral contraceptive pill
use, parity, age of first birth, age of menopause.

Results

Baseline characteristics

A total of 130,147 parous postmenopausal females were finally included in
our study (median age: 58.4 [IQR 54.0-64.8]), of whom 14,268 (11.0%)
developed THD during follow-up, showing an incidence density of 1276.2
per 100,000 person-years. The baseline characteristics of the 130,147 parous
postmenopausal females are shown in Supplementary Data 1. Generally,
most participants were rural residents (55.4%), had an education level of
primary school or below (74.5%), unemployed or retired (53.5%), and
belonging to middle-income households (51.0%). These participants with
incident IHD tended to have gravidity of =5 (41.2% vs. 30.3%) and have
parity of 4 (37.4% vs. vs. 26.1%), compared to non-IHD ones. In a non-
IHD subgroup, the proportions of participants with age at first live birth
between 20 and 24 (53.4%) or with age at menopause between 45 and 54
(84.4%) are larger. Compared with those who did not develop IHD, parous
postmenopausal females who developed IHD have significantly longer
lifetime lactation duration (44.0 [IQR 24.0-72.0] months vs. 36.0 [IQR
24.0-60.0] months) and per-child lactation duration (13.0 [IQR 12.0-19.5]
months vs. 12.2 [IQR 12.0-19.3] months). While for the first-child lactation
duration, this difference was not statistically significant. More baseline
characteristics of females by SES or residence are shown in Supplemen-
tary Data 2.

The association between lactation duration and IHD

As shown in Fig. 1, after full adjustment for potential covariates, compared
with parous postmenopausal females who had never breastfed, females who
lactated for 1-12 months (adjusted hazard ratio [aHR]: 0.71, 95% CL
0.63-0.80), 13-24 months (aHR: 0.73, 95% CI: 0.65-0.81), 25-36 months
(aHR: 0.75, 95% CI: 0.67-0.84), 37-48 months (aHR: 0.79, 95% CL
0.70-0.89), and >48 months (aHR: 0.85, 95% CI: 0.75-0.96) during lifetime
had lower risks of THD. Similarly, lower risks of THD were observed in parous
postmenopausal females who had lactated per child for 1-6 months (aHR:
0.82, 95% CI: 0.72-0.93), 7-12 months (aHR: 0.70, 95% CI: 0.63-0.78),
13-18 months (aHR: 0.79, 95% CI: 0.71-0.89), 19-24 months (aHR: 0.78,

95% CI: 0.70-0.88), and >24 months (aHR: 0.78, 95% CI: 0.69-0.88). First-
child lactation duration of 7-12 months (aHR: 0.80, 95% CI: 0.74-0.87),
13-18 months (aHR: 0.92, 95% CI: 0.85-0.99), 19-24 months (aHR: 0.86,
95% CI: 0.79-0.94), and >24months (aHR: 0.81, 95% CI: 0.73-0.90) were
associated with lower risks of THD. Moreover, competing risk model analysis
showed similar results (Supplementary Table S2).

The RCS curves (Fig. 2) exhibit non-linear dose-response associations
between three lactation duration measurements (lifetime lactation duration,
per-child lactation duration, and first-child lactation duration) and IHD.
The associations appeared to be U-shaped, with the nadir of THD risk
occurring at the lactation duration of 24.06 months for lifetime, 9.95 months
for per child, and 10.85 months for the first child.

In the stratified analysis by SES-residence, SES, and residence (Fig. 3),
significantly inverse associations of lifetime or per-child lactation duration
with THD were observed in females with low SES and urban residence.
When stratified by each SES component (Supplementary Fig. $3) and parity
(Supplementary Fig. S4), similar results were found in females with primary
school or below, unemployed or retired, middle annual household income,
parity of <3. In addition, we found that the associations of longer lactation
duration (lifetime: >37 months; first-child: >13 months) with IHD tended to
be attenuated among females who were premenopausal when stratified by
menopausal status (Supplementary Fig. S5).

Sensitivity analyses were conducted among individuals who did not
take cardiovascular drugs (IN=121,414), without pre-existing CVDs
(N =65,808). The findings from sensitivity analyses, as presented in Sup-
plementary Table S3, also demonstrated significantly inverse correlations of
cumulative lactation duration with incident IHD. Specifically, parous
postmenopausal females with a lifetime lactation duration of >1 months and
a per-child lactation duration >7 months were at a lower risk of THD.

Scenario-based projections

The estimated numbers of preventable IHD cases among Chinese females
over 40 in 2019 are shown in Table 1. using PAF or PIF in various modeled
scenarios of average lactation duration per child.
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Fig. 2 | The dose-risk association of lactation duration with ischemic heart disease
in parous postmenopausal females (N = 130,147). Notes: IHD ischemic heart
disease, aHR adjusted hazard ratio, CI confidence interval. a-c represent the
dose-risk association of IHD with lifetime, per-child, and first-child lactation
durations, respectively. Colors in yellow, blue, and purple represent lactation
duration of a lifetime, per child, and first child, respectively. The shading indicates
the 95% CI of the aHR for IHD. Model was adjusted for age, marital status,

First—child lactation duration (months)

residence, highest education attainment, occupation, annual household income,
body mass index, waist circumference, smoking status, passive smoking, alcohol
intake status, physical activity in metabolic equivalents of task hours/day, history of
anticoagulation therapy, history of hypolipidemic therapy, history of stroke, history
of diabetes, history of hypertension, history of oral contraceptive pill use, parity, age
of first birth, age of menopause.
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Fig. 3 | Associations of lactation duration with the risk of ischemic heart disease
stratified by SES-residence, SES, residence. Notes: SES socioeconomic status, I[HD
ischemic heart disease, aHR adjusted hazard ratio, CI confidence interval. Colors in
yellow, blue, and purple represent lactation duration of lifetime, per child, and first
child, respectively. All models adjusted for the following covariates but excluded
stratification variables involved in the model itself: age, marital status, residence,

Lifetime
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highest education attainment, occupation, annual household income, body mass
index, waist circumference, smoking status, passive smoking, alcohol intake status,
physical activity in metabolic equivalents of task-hours/day, history of antic-
oagulation therapy, history of hypolipidemic therapy, history of stroke, history of
diabetes, history of hypertension, history of oral contraceptive pill use, parity, age of
first birth, age of menopause.

Scenario I, which assumed that all females could lactate for an optimal
duration of 7-12 months, showed a potential prevention of 7.50% (95% CIL:
5.81%-9.19%) or 115,196 IHD cases. In scenario II, which assumed that 50%
of non-lactating females could switch to lactating for an optimal duration
(7-12 months), a potential prevention of 0.54% (95% CI: 0.08%-1.00%) or
8,296 IHD cases was estimated. Scenario III, which assumed that 50% of
females who lactated for less than 7 months or not at all could extend their
lactation duration to 7-12 months, showed a potential prevention of 0.92%
(95% CI: 0.32%-1.52%) or 14,126 THD cases.

Discussion

Our study contributes to the growing body of evidence on the cardiopro-
tective benefits of lactation, revealing that parous postmenopausal females
in China who lactated had lower risks of IHD compared to those never
breastfed. Such associations were U-shaped, with the lowest IHD risk
identified among females with lifetime lactation durations around
24.06 months, or an average duration of 9.95 months per child, or for the
first child at about 10.85 months. Such associations were particularly pro-
nounced among females with low SES residing in urban areas. Our findings
suggest that scaling up breastfeeding practice to a near-universal level in

China could have potentially prevented up to 115,000 ITHD cases among
females over 40 years in 2019.

The associations between lactation duration and the risk of CVDs have
been established previously. In a random-effects meta-analysis involving
data from over a million parous women found an 11% risk reduction for
CVD and a 14% reduction for CHD among those who breastfed compared
to those who did not'®. Similarly, in a case-control study conducted in
Europe, a 33% lower risk of CHD was observed among females who
breastfed for six months or longer per child”. Another prospective study of
300,000 Chinese females highlighted that every additional six months of
breastfeeding per child was associated with a 4% decreased risk of CHD”".
Consistent with these findings, our study further revealed risk reductions
between 8% and 30% across various lactation subgroups, underscoring the
importance of lactation for cardiovascular health.

For maternal metabolism, pregnancy ends not with delivery, but with
weaning. During pregnancy, the maternal metabolic system undergoes
several changes (including the accumulation of fat, increased insulin resis-
tance, higher atherogenic lipid levels and blood pressure) to support fetal
growth and prepare for breastfeeding’ ™. While these changes, which
increase the risk of CVDs and metabolic diseases, may be impacted by
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breastfeeding. One potential mechanism for the reduced risk of IHD
associated with lactation is the “reset hypothesis™*. This hypothesis posits
that lactation may drain calories and cholesterol from the lactating mother,
thereby resetting maternal metabolism post-pregnancy, which may reduce
the adverse metabolic risk incurred pregnancy". Support for this hypothesis
is found in studies indicating that non-lactating women have higher BMI,
lipid levels, and blood pressure than those who lactated for extended
periods'>®. Others found that maternal obesity is associated with dis-
continuation of breastfeeding and delayed onset of lactogenesis following
delivery’®”’. Additionally, the roles of lactation-associated hormones such as
prolactin and oxytocin are also implicated in providing cardiovascular and
metabolic benefits™ .

Prior studies have reported various patterns of association between
lactation and cardiovascular health outcomes, including linear, plateauing,
and U-shaped relationships for cardiovascular disease (CVD) mortality and
morbidity'* ™. For instance, a comprehensive systematic review and meta-
analysis encompassing data from over one million parous women reported a
substantially decreased risk of maternal cardiovascular disease and coronary
heart disease (CHD) with lactation durations of up to 12 months, with the
effect on CHD appearing to plateau between 12 and 48 months'. Addi-
tionally, a Norwegian study disclosed a U-shaped association between
lifetime lactation duration and CVD mortality risk among parous women,
whereas a large-scale prospective cohort study in China identified an inverse
log-linear association between lactation duration per child and the risk of
major CVDs'>". Our study identified a U-shaped association, suggesting a
nuanced interplay between lactation and cardiovascular health. Lactation
has been suggested to have beneficial effects on cardiovascular and meta-
bolic system by reducing inflammation, improving lipid metabolism, and
lowering blood pressure'’. This association may be also influenced by CVD
risk factors such as parity and pregnancy complications'”***’. Notably, our
study found that the beneficial effects of lactation on IHD were most pro-
nounced among females with parity of <3, indicating that the increased
cardiovascular risk associated with multiparity may diminish lactation’s
benefits, then appearing in U-shaped associations between lactation and the
risk of IHD. Besides, longer lifetime lactation duration, commonly
accompanied by multiparity, often correlates with a higher risk of pregnancy
complications, including gestational diabetes, hypertensive disorders of
pregnancy, and pre-eclampsia®. These pregnancy complications, in turn,
can increase the overall risk of cardiovascular diseases, including IHD',
Therefore, the protective effect of longer lactation duration on THD risk may
be diluted by the potential adverse impact of pregnancy complications.

Our study has additionally revealed the modification effect of socio-
economic disparities and residential settings in the association between
lactation and IHD risk. Females with low SES often face multifaceted
challenges that include, but are not limited to, restricted access to healthcare,
higher prevalence of unhealthy lifestyles, and increased exposure to envir-
onmental stressors. These challenges collectively contribute to an elevated
risk of CVDs*.. In this context, lactation stands out as an accessible and cost-
effective intervention that can potentially mitigate the IHD burden among
these disadvantaged populations. Furthermore, our findings highlighted the
differential impact of residential settings on modifying the association
between lactation and THD risk. Specifically, we observed that significant
associations between lactation and THD were discernible primarily among
urban residents. In contrast, females living in rural settings typically had
higher parity, which might diminish the cardioprotective benefits of lacta-
tion, thereby rendering the association less significant in these
populations' >,

Our findings reveal the positive impact of lactation duration,
regardless of the measures employed (lifetime, average per child, or first-
child). The findings regarding cumulative lactation duration across
multiple children provide valuable insights into the promotion of sus-
tained breastfeeding practices in subsequent pregnancies. While lactation
duration for one child could serve as a practical and widely commu-
nicable measure in public health, making it suitable for setting achievable
breastfeeding goals. With the application of PAF and PIF, this study

successfully revealed that by scaling up lactation to adequate durations,
there is potential for a notable reduction in IHD events. Scaling up
breastfeeding practices by promoting and encouraging women to lactate
for adequate duration could be recommended in reducing IHD events.
These insights could inform future public health strategies aimed at
advocating for integrating lactation optimization into IHD preventive
strategies from a maternal health standpoint. Several strategies may be
effective to promote breastfeeding practice according to previous studies,
e.g. ensuring stable funding and resources for a successful national
strategy for protection, promotion, and support of breastfeeding, calling
for strong governmental commitment to develop an effective national
breastfeeding program®. This study thereby provides a foundation for
policy initiatives that prioritize maternal lactation as a modifiable risk
factor for THD, with essential implications for public health outcomes.

Our study represents a considerable advancement in the exploration of
lactation’s protective effects against ischemic heart disease (IHD) in parous
postmenopausal women, within the Chinese demographic. This study, to
the best of our knowledge, is the first large-scale prospective cohort study
examining the associations of lactation duration, using three indicators, with
the risk of THD, among parous postmenopausal females in China. The
robustness of our findings is supported by the extensive follow-up period,
the high follow-up rate from the CKB study. Our use of ICD-10 diagnosis,
made by trained healthcare professionals, rather than self-reporting,
enhances the accuracy of our diagnosis of IHD. Stratification and sensitivity
analyses have been employed to confirm the credibility of our primary
outcomes. Furthermore, the application of PAF and PIF in our study not
only underscores the preventive potential of prolonged lactation but also
provides a quantifiable framework for public health initiatives aimed at
elevating breastfeeding practices to reduce the burden of IHD among
postmenopausal women.

Despite valuable strengths, it is important to acknowledge the limita-
tions. First, we excluded females who had developed IHD prior to the set
baseline age, which may introduce a potential bias towards those who were
older at baseline. Second, since the information on lactation duration was
collected through self-reported questionnaires, the possibility of recall bias
cannot be disregarded. Third, although comprehensive adjustment has been
made for a wide range of covariates, the influence of certain confounding
factors, such as the family history of THD, dietary variables were not taken
into account, limiting our ability to establish causality. Important data on
pregnancy complications, such as pre-eclampsia or gestational diabetes, that
may affect lactation success, were not captured either. Fourth, our study is
also unable to assess the risk of IHD during the childbearing years,
restricting our findings to a postmenopausal cohort.

In conclusion, our study indicates that lactation durations of at least six
months may be beneficial in reducing the risk of IHD, especially for those
with low SES and urban residence. These findings underscore the positive
population-level impact achievable through the promotion of extended
breastfeeding practices, aligning with the existing guidelines that advocate
for prolonged optimal breastfeeding. Public health initiatives should
prioritize the enhancement of breastfeeding support structures, particularly
targeting urban women of low SES, to facilitate these recommended lacta-
tion durations. Such targeted strategies have the potential to a decrease in
IHD burden, providing long-term health benefits and reducing economic
burdens associated with cardiovascular diseases.

Data availability

This research has been conducted using the China Kadoorie Biobank (CKB)
resource (www.ckbiobank.org). The raw China Kadoorie Biobank data
underlying this article can be accessed via https://www.ckbiobank.org/
CKBDataAccess, following the institution’s data-access policies. Pre-
liminary event adjudication data are not publicly available. Publication of
results does not require or imply approval by the membership of the CKB
Collaborative Group. The source data for Figs. 1-3 can be found in Sup-
plementary Data 3, and the source data for Supplementary Figs. S3-S5 can
be found in Supplementary Data 4.
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Code availability

The codes of the R statistical software (version 4.2.2) used for the data
analyses in this study have been independently reviewed and checked for
quality control. Since the code is only meaningful for those with access to the
CKB dataset, it can be provided upon request to researchers with access to
the dataset by contacting the corresponding author. Access to the code will
be granted for academic use within four weeks of application.
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