Preventive Medicine Reports 46 (2024) 102853

Contents lists available at ScienceDirect

Preventive
Medicine

Reports

Preventive Medicine Reports

journal homepage: www.elsevier.com/locate/pmedr

ELSEVIER

Improving life’s essential 8 mitigates myocardial infarction risk attributed
to abnormal birth weight in later life

a,b,c
)

Da Luo ¢, Xiaoying Wang d,'Si Li®, Yunlong Guan “, Changwu Xu “b:¢ Bofang Zhang
Shuo Yang ™", Xingjie Hao“", Jing Chen®"%"

2 Department of Cardiology, Renmin Hospital of Wuhan University, Wuhan, China

Y Cardiovascular Research Institute of Wuhan University, Wuhan, China

€ Hubei Key Laboratory of Cardiology, Wuhan, China

4 Department of Cardiology, The Central Hospital of Wuhan, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China

¢ Department of Epidemiology and Biostatistics, School of Public Health, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China

ARTICLE INFO ABSTRACT

Keywords:

Life’s essential 8
Myocardial infarction
Birth weight

Additive interaction
Cardiovascular health

Background: To prospectively assess the individual and joint effects of birth weight and the life’s essential 8
(LE8)-defined cardiovascular health (CVH) on myocardial infarction (MI) risk in later life.

Methods: In 144,803 baseline MI-free participants who were recruited in the UK Biobank cohort between 2006
and 2010, Cox proportional hazard models were used to estimate the associations of birth weight, LE8 score, and
their interactions with incident MI. LE8 was defined on the basis of diet, physical activity, nicotine exposure,
sleep health, body mass index, blood pressure, blood glucose, and blood lipids.

Results: Low birth weight was associated with higher risk of MI [hazard ratio (HR) 1.17, 95% confidence interval
1.02-1.35, P = 0.025], while no significant correlation between high birth weight and MI was observed after
adjustment. Low CVH was associated with higher MI risk [HR 6.43 (3.71-11.15), P < 0.001). Participants with
low birth weight and low CVH (vs. participants with normal birth weight and high CVH) had HR of 5.97
(2.94-12.14) for MI incidence. The relative excess risk due to interaction of low birth weight and low CVH on MI
was —4.11 (—8.12, —0.11), indicating a negative interaction on an additive scale. A consistent decreasing trend
of MI risk along with increased LE8 score was observed across all three birth weight groups.

Conclusion: Low birth weight was associated with increased MI risk, emphasizing the importance of the prenatal
factor in risk prediction and prevention of MI. Improving LE8 can mitigate MI risk attributed to low birth weight.

standardised incidence estimate of ischaemic heart disease was 293.3
per 100,000 people in 2019 (Byrne et al., 2023). China has also expe-

1. Introduction

In the past three decades, there has been remarkable progress in
improving clinical outcomes for acute myocardial infarction (MI) due to
prompt myocardial reperfusion and the advancement of post-MI heart
failure therapies (Collet et al., 2021; Heidenreich et al., 2022; Lawton
et al., 2022). However, the estimated overall MI prevalence is 3.2% in
Americans >20 years of age in 2020 (Tsao et al., 2023). Similarly, in 57
European Society of Cardiology member countries, the median age-

rienced an increasing trend in MI-related mortality from 2002 to 2018,
reaching 78.5 per 100,000 people in 2018 (Writing Committee Of The
Report On Cardiovascular Health And Diseases In China, 2022). These
alarming statistics highlight the ongoing challenges in MI prevention
and treatment.

Low birth weight, a surrogate indicator of poor fetal growth and
development, was first identified by Dr. David Barker as an early life
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exposure associated with adult ischaemic heart disease (Barker et al.,
1989). The Barker hypothesis proposed that fetal environment and in-
trauterine growth retardation permanently programme the body’s
metabolism, leading to long-lasting alterations in cardiovascular struc-
ture and function, and thus predispose individuals to future adult dis-
ease (Barker et al., 1989; Barker, 1995). It shifts the primary prevention
of adult disease to early life. Several studies have confirmed association
between low birth weight and risk of cardiovascular disease (CVD) and
diabetes (Mr et al., 2018; Raisi-Estabragh et al., 2023; Tian et al., 2019).
However, limited studies have specifically analysed the association be-
tween birth weight and subsequent MI incidence in an exposur-
e-response manner.

Lifestyle factors in later life have been well-established as de-
terminants of cardiovascular health (CVH) (Biddinger et al., 2022;
Dempsey et al., 2022; Larsson et al., 2020; Srour et al., 2019). In 2022,
the American Heart Association (AHA) released an enhanced approach
to define and quantify CVH: Life’s Essential 8 (LE8) (Lloyd-Jones et al.,
2022a). Although several previous studies have explored the association
between LE8 and the morbidity and mortality of CVD, it remains unclear
whether the later life risk of MI attributed to birth weight could be
modified by adherence to high CVH in adulthood (Isiozor et al., 2023;
Sun et al., 2023; Zhang et al., 2023).

To bridge the above gaps in knowledge, this study aims to elucidate
the association of birth weight and LE8 with the risk of MI later in life.
We also investigated the interactions and joint effects of birth weight
and CVH defined by LE8 on the incidence of MI.

2. Methods
2.1. Study population

The UK Biobank is a large prospective cohort study involving over
500,000 participants aged 40-69 years recruited between 2006 and
2010 across the United Kingdom, with details previously described
(Sudlow et al., 2015). This work was covered by the ethical approval for
UK Biobank studies from the UK National Health Service National
Research Ethics Service (Ref 11/NW/0382). We excluded the partici-
pants with an MI history at baseline and those with missing or invalid
records on birth weight and eight metrics of CVH in the current study,
leaving a total of 144,803 participants for further analyses (Fig. 1). The
data regarding this project were from Application No. 88159 of the UK
Biobank resource.

2.2. Assessment of birth weight and life’s essential 8

The birth weight information was self-reported by participants and
recorded either in kilograms (kg) or in ounces and pounds, and subse-
quently converted to kg for consistency. Birth weight was then catego-
rized into a three-level variable according to prior literature: low birth
weight, <2.5 kg; normal birth weight, 2.5-4.0 kg; high birth weight,
>4.0 kg (Blencowe et al., 2019). The LE8 score consists of eight
component metrics: diet, physical activity, nicotine exposure, sleep
health, body mass index (BMI), blood pressure, blood glucose, and blood
lipids. The total LE8 score (0 to 100 points) is calculated by summing the
scores of each metric and dividing by eight, according to the AHA al-
gorithm (Lloyd-Jones et al., 2022a). In this study, LE8 score of 80 to 100
is considered high CVH, 50 to 79 is moderate CVH, and 0 to 49 is low
CVH. The healthy diet was evaluated based on the Dietary Approaches
to Stop Hypertension (Supplemental Table 1). Physical activity is
quantified by calculating the minutes per week spent on moderate and
vigorous activity. Smoking status is categorized as never, former, or
current smoker at the time of in-person baseline interview at the UK
Biobank Assessment Centre. Sleep duration is self-reported in hours. BMI
was calculated by dividing the weight by squared height in meters (kg/
m?). Blood lipids level was calculated as total cholesterol minus high-
density lipoprotein cholesterol. Blood glucose is measured using
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The UK Biobank
(N =502,401)

Individuals exclusion:
with prior MI (N = 12,042)

Individuals without prior Mi
(N =490,359)

Individuals exclusion:

with missing birth weight
(N =218,463)

with missing compenents of LE8
(N =127,093)

Incidence analysis
(N = 144,803)

l

Primary analysis:
investigate the association
between birth weight and LE8 and
Ml incidence

i

Second analysis:
investigate the joint effects of birth
weight and LE8 on MI incidence

Fig. 1. The flowchart of screening eligible adults in the United Kingdom,
2006-2017. LES, life’s essential 8; MI, myocardial infarction.

Haemoglobin Alc (HbAlc) and considering the history of diabetes.
Systolic and diastolic blood pressure are assessed by averaging two
consecutive measurements. Additional detailed information on defini-
tions and scoring for the LE8 metrics are displayed in Supplemental
Table 2.

2.3. Ascertainment of myocardial infarction

The primary outcome of this study was incident MI. The date of MI
was determined as the date of the first reported occurrence of MI. As
aforementioned, recurrent cases of MI were not considered for further
analyses. The study included outcomes that occurred from baseline up
until the latest available censor date, which extended to May 31, 2017.

2.4. Assessment of covariates

To identify potential confounders, directed acyclic graph (Supple-
mental Fig. 1) was plotted to clarify the relationships between con-
founding factors, exposure, and outcomes based on the prior literature
(Li et al., 2023, 2015; Raisi-Estabragh et al., 2023; Zhang et al., 2023).
The covariates included sociodemographic characteristics and health-
related factors: age at recruitment, sex, race, Townsend deprivation
index, education level, drinking status, nicotine exposure, physical ac-
tivity, diet, aspirin use, family history of heart disease and diabetes and
hypertension.

2.5. Statistical analysis
Categorical variables were reported as frequencies (percentages) and

continuous variables were presented as mean + SD. For missing data, we
applied a missing indicator category for categorical variables and
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imputed the median value for continuous variables. Person-time in years
was calculated from the baseline to the date of first diagnosis of MI,
death, end of the follow-up, or the latest available censor dates,
whichever came first.

Cox proportional hazard models were used to estimate the hazard
ratio (HR) and 95% confidence interval (CI) for the association between
birth weight, LE8 score and risk of MI. The assumption of proportion-
ality was tested using the scaled Schoenfeld residuals, and we did not
find any violation of the assumption. The cumulative risks of MI inci-
dence for birth weight and LE8 score were calculated and the Kaplan-
Meier curves were plotted after adjusting for covariates using inverse
probability of treatment weighting. In addition, to investigate the
exposure-response relationships of birth weight, LE8 scores, and the risk
of M, restricted cubic spline (RCS) with 4 knots in the fully adjusted Cox
models was used.

To evaluate the joint effects of birth weight and LE8 score on MI
incidence, we divided the participants into nine groups according to the
categorized birth weight and LE8 score. The relative excess risk due to
interaction (RERI), attributable proportion due to interaction (AP), and
the synergy index (S) were used to assess the addictive interaction be-
tween birth weight and LE8 score (Li and Chambless, 2007).

Stratification analyses were performed to evaluate potential effect
modification and find special populations. We also conducted several
sensitivity analyses to test the robustness of our findings by (1)
excluding participants who experienced MI events within the first two
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years of follow-up, (2) excluding participants with incomplete variables.
Statistical significance was defined as a two-tailed P value of <0.05. All
statistical analyses were performed using R software (Version 4.3.1, R
Foundation for Statistical Computing, Vienna, Austria).

3. Results
3.1. Baseline characteristics of study population

The mean age of 144,803 participants was 54.7 + 8.1 years, 58.7%
were female and 86.6% identified as Caucasian (Table 1). The mean
birth weight was 3.3 + 0.7 kg and the mean score of LE8 was 61.7 +
10.7. A total of 5201 (3.6%) were of high CVH, 119,623 (82.6%) were of
moderate CVH, and 19,979 (13.8%) were of low CVH. Over a median
follow-up period of 8.3 years, equivalent to 1,180,150 person-years of
observation, 2,092 incident MI cases were documented. Participants
who experienced incident MI were more likely to be older, male, with
abnormal birth weight and lower CVH, and exhibited higher Townsend

deprivation index and lower education level.

3.2. Association between birth weight and incident MI

Higher birth weight was associated with a reduction in MI risk (both
P < 0.001, Table 2, Model 2 and 3). The RCS revealed a linear expo-
sure-response relationship between birth weight and the MI risk (P for

Table 1
Baseline characteristics of the non-myocardial infarction and incident myocardial infarction participants in the United Kingdom, 2006-2017.
Characteristics Levels Total No Incident MI Incident MI P value*
(N=144803) (N=142711) (N=2092)
Age, n (%) <60 yrs. 95,557 (66) 94,643 (66.3) 914 (43.7) <0.001
>60 yrs. 49,246 (34) 48,068 (33.7) 1178 (56.3)
Sex, n (%) Female 85,056 (58.7) 84,391 (59.1) 665 (31.8) <0.001
Male 59,747 (41.3) 58,320 (40.9) 1427 (68.2)
Race, n (%) Caucasian 125,385 (86.6) 123,553 (86.6) 1832 (87.6) 0.195
Others 19,418 (13.4) 19,158 (13.4) 260 (12.4)
Townsend deprivation index, n (%) Low 48,249 (33.3) 47,639 (33.4) 610 (29.2) <0.001
Medium 48,282 (33.3) 47,591 (33.3) 691 (33)
High 48,272 (33.3) 47,481 (33.3) 791 (37.8)
Education level, n (%) Higher degree 59,942 (41.4) 59,284 (41.5) 658 (31.5) <0.001
Ang school degree 59,877 (41.4) 59,120 (41.4) 757 (36.2)
Vocational qualifications 8491 (5.9) 8281 (5.8) 210 (10)
Unknown 16,493 (11.4) 16,026 (11.2) 467 (22.3)
Drinking status, n (%) Never 5036 (3.5) 4939 (3.5) 97 (4.6) <0.001
Current 135,311 (93.4) 133,423 (93.5) 1888 (90.2)
Previous 4394 (3) 4287 (3) 107 (5.1)
Unknown 62 (0) 62 (0) 0 (0)
Family history of heart disease, n (%) No 80,738 (55.8) 79,809 (55.9) 929 (44.4) <0.001
Yes 64,065 (44.2) 62,902 (44.1) 1163 (55.6)
Family history of diabetes, n (%) No 112,235 (77.5) 110,660 (77.5) 1575 (75.3) 0.015
Yes 32,568 (22.5) 32,051 (22.5) 517 (24.7)
Family history of hypertension, n (%) No 67,158 (46.4) 66,111 (46.3) 1047 (50) <0.001
Yes 77,645 (53.6) 76,600 (53.7) 1045 (50)
Aspirin use, n (%) No 129,670 (89.5) 128,085 (89.8) 1585 (75.8) <0.001
Yes 15,133 (10.5) 14,626 (10.2) 507 (24.2)
Birth weight, n (%) Normal birth weight 111,387 (76.9) 109,856 (77) 1531 (73.2) <0.001
High birth weight 19,277 (13.3) 18,948 (13.3) 329 (15.7)
Low birth weight 14,139 (9.8) 13,907 (9.7) 232 (11.1)
CVH, n (%) High 5201 (3.6) 5188 (3.6) 13 (0.6) <0.001
Moderate 119,623 (82.6) 118,150 (82.8) 1473 (70.4)
Low 19,979 (13.8) 19,373 (13.6) 606 (29)
Total LE8 score, mean + SD 61.7 £10.7 61.8 +£10.7 55.5 £ 11.0 <0.001
LE8 metrics, mean + SD Diet 35.5 £15.7 35.5 £15.6 37.0 £17.0 <0.001
Physical activity 76.2 £ 36.5 76.3 £ 36.4 71.2 £ 39.7 <0.001
Nicotine exposure 80.3 £ 31.8 80.4 + 31.6 68.0 + 38.0 <0.001
Sleep duration 90.0 £17.9 90.0 +£17.9 86.5 + 21.2 <0.001
BMI 70.2 £ 28.5 70.3 £ 28.4 60.8 £ 29.5 <0.001
Blood lipids 48.0 £ 29.2 48.1 £ 29.2 40.4 £ 28.8 <0.001
Blood glucose 40.2 £ 5.5 40.2 +5.5 40.0 + 8.5 0.123
Blood pressure 53.1 +£27.2 53.2+27.1 40.5 + 24.1 <0.001

BMI, body mass index; CVH, cardiovascular health; LE8, life’s essential 8; MI, myocardial infarction; SD, standard deviation.

* For continuous variables, P values were derived from t-tests, while for categorical variables, P values were derived from chi-square tests.
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Table 2
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Associations of birth weight and cardiovascular health with risk of incident myocardial infarction among adults in the United Kingdom, 2006-2017.

Levels Cases/N (%) Person-year

Incidence Density (%o)

Model 1
HR (95% CI)

Model 2
HR (95% CI)

Model 3
HR (95% CI)

Birth weight

Continuous 2092/144,803 (1.44) 1,180,150 1.77
Normal birth weight 1531/111,387 (1.37) 908,146 1.69
High birth weight 329/19,277 (1.71) 156,776 2.10
Low birth weight 232/14,139 (1.64) 115,228 2.01
CVH
Continuous 2092/144,803 (1.44) 1,180,150 1.77
High CVH 13/5201 (0.25) 42,834 0.30
Moderate CVH 1473/119,623 (1.23) 975,955 1.51
Low CVH 606/19,979 (3.03) 161,361 3.76

1.00 (0.94, 1.07)
1.00 (Ref.)

1.25 (1.11, 1.40)
1.19 (1.04, 1.37)

0.89 (0.83, 0.94)
1.00 (Ref.)

1.00 (0.89, 1.13)
1.27 (1.10, 1.46)

0.90 (0.84, 0.95)
1.00 (Ref.)

0.95 (0.85, 1.08)
1.17 (1.02, 1.35)

0.95 (0.95, 0.96)
1.00 (Ref.)

4.99 (2.89, 8.61)
12.42 (7.17, 21.52)

0.95 (0.95, 0.96)
1.00 (Ref.)

3.27 (1.90, 5.66)
7.86 (4.54, 13.63)

0.96 (0.95, 0.96)
1.00 (Ref.)

2.96 (1.72, 5.12)
6.43 (3.71, 11.15)

Model 1 was not adjusted for any covariable. Model 2 was adjusted for age and sex. Model 3 for birth weight was further adjusted for race, nicotine exposure, drinking
status, physical activity, diet, Townsend deprivation index, education level, aspirin use, family history of heart disease, family history of diabetes, and family history of
hypertension. Model 3 for CVH was further adjusted for race, Townsend deprivation index, education level, drinking status, aspirin use, family history of heart disease,
family history of diabetes, and family history of hypertension, based on Model 2. The boldface value indicates significant differences (P < 0.05). CI, confidence interval;

CVH, cardiovascular health; HR, hazard ratio; LE8, life’s essential 8.

overall association < 0.001, and P for non-linear association = 0.116, as
illustrated in Fig. 2A). A significant inverse association was found below
an optimal threshold of 3.3 kg of birth weight. In addition, the cumu-
lative MI risk was higher in the participants with low birth weight than
in those with either normal or high birth weight (log-rank P < 0.001,
Fig. 3A). Compared with normal birth weight, low birth weight was
associated with a higher MI risk (adjusted HR 1.17, 95% CI 1.02-1.35, P
= 0.025, Table 2, Model 3). However, there was no significant associ-
ation observed between high birth weight and incident MI after
adjustment (adjusted HR 0.95, 95% CI 0.85-1.08, P = 0.444, Table 2).

3.3. Association between LE8 and incident MI

A higher LE8 score was associated with a reduction in MI risk, in both
the unadjusted and fully adjusted models (all P < 0.001, Table 2). The
RCS showed a monotonically inverse linear exposure-response rela-
tionship between birth weight and the MI risk (P for overall association
< 0.001, and P for non-linear association = 0.408, as illustrated in
Fig. 2B). A significant increase in the hazard of incident MI was observed

Birth Weight as Continuous Value

N

f 20000

JaquinN

----- - 10000

Hazard Ratio (95% ClI)

6

4
Birth Weight (kg)

along with LE8 score below an optimal threshold of 62 points. The cu-
mulative MI risk was highest in the participants with low LE8 score
(Fig. 3B). The adjusted HRs of incident MI for moderate and low CVH in
comparison with high CVH were 2.96 (1.72-5.12), and 6.43
(3.71-11.15), respectively (Table 2, Model 3).

3.4. Joint analysis of birth weight and LE8 score with incident MI

A consistent decreasing trend of MI risk associated with increased
LE8 score was observed across all categories of birth weight (Supple-
mental Fig. 2). Additionally, a joint effect of birth weight and LE8 score
on the risk of incident MI was presented in Fig. 4. Low CVH defined by
low LE8 score can significantly aggravate the MI risk in different birth
weight groups, especially in normal birth weight group (HR 7.71, 95%
CI 3.98-14.93), when compared to high CVH. Furthermore, interactions
between birth weight and CVH on MI incidence were further investi-
gated, and negative additive interactions (antagonistic effect) were
found (Supplemental Table 3).

B
LE8 as Continuous Value
8
15000
=6
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X
9a 10000
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Fig. 2. Exposure-response relationships of birth weight (A) and life’s essential 8 score (B) with the risk of incident myocardial infarction among adults in the United
Kingdom, 2006-2017. Associations between birth weight (A), and LE8 (B) with incident MI were evaluated by restricted cubic splines after adjustment for the
covariables. (A) HRs were adjusted for age, sex, race, diet, physical activity, nicotine exposure, drinking status, Townsend deprivation index, education levels, aspirin
use, family history of heart disease, family history of diabetes, and family history of hypertension; (B) HRs were adjusted for age, sex, race, Townsend deprivation
index, education levels, drinking status, aspirin use, family history of heart disease, family history of diabetes, and family history of hypertension. CI, confidence

interval; HR, hazard ratio; LE8, life’s essential 8; MI, myocardial infarction.
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Fig. 3. Kaplan-Meier curves of incident myocardial infarction stratified by birth weight and cardiovascular health among adults in the United Kingdom, 2006-2017.
Cumulative incidence of MI based on different birth weight (A) and CVH levels (B), is presented respectively. HRs were adjusted for age and sex using inverse
probability of treatment weighting. CI, confidence interval; CVH, cardiovascular health; HR, hazard ratio; MI, myocardial infarction.
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Fig. 4. Joint effects of birth weight and cardiovascular health on the risk of incident myocardial infarction among adults in the United Kingdom, 2006-2017. The
model was adjusted for age, sex, race, Townsend deprivation index, education level, drinking status, aspirin use, family history of heart disease, family history of
diabetes, and family history of hypertension. CI, confidence interval; CVH, cardiovascular health; HR, hazard ratio; MI, myocardial infarction.

3.5. Stratification and sensitivity analyses

The effects of LE8 on incident MI were further evaluated using
stratification analyses (Supplemental Table 4). Significant differences
were observed based on age and family history of heart disease in the
association between LE8 and the MI risk (both P for interaction < 0.05).
Our findings regarding the associations between LE8 score and MI risk
remained consistent even after excluding participants who experienced
incident MI within two years from baseline (Supplemental Table 5) or
those with imputed covariables (Supplemental Table 6).

4. Discussion

In this prospective cohort study, we explored the association

between birth weight, LE8 score, and their potential interactions and
joint effects on the risk of MI in adulthood. Our findings indicated that
low birth weight was related to a higher risk of later life MI. Moderate to
high CVH can significantly reduce the risk of incident MI across three
birth weight groups, especially in normal birth weight group. Further-
more, significant negative additive interactions (antagonistic effect)
were observed between low birth weight and low CVH on the incidence
of ML These findings emphasize the importance of protection of fetal
growth to reduce the risk of MI in later life, and improving LE8 during
adulthood could be an effective preventive measure.

Early life exposures may exert a varying degree of influence on
cardio-metabolic syndrome at different stages of the life cycle. Accu-
mulating evidence has demonstrated that individuals with low birth
weight are at a higher risk of developing CVD in adulthood (Huang et al.,
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2022; Mr et al., 2018; Raisi-Estabragh et al., 2023). The fetal origins
hypothesis and its subsequent concept “developmental origins of health
and disease (DOHaD)” propose that intrauterine undernutrition might
have profound and lasting impacts on susceptibility to nutrition-related
cardio-metabolic diseases (Barker, 1995; Hoffman et al., 2021). It can be
attributed to underlying mechanisms involving physiological responses,
adapted metabolism, and altered body composition as a result of growth
retardation (Hoffman et al., 2021; Visentin et al., 2014). Moreover,
subsequent rapid postnatal catch-up growth may ameliorate the severity
of metabolic deficits (Singhal and Lucas, 2004). Several studies have
reported both low and high birth weight were significantly associated
with a higher BMI as well as obesity in adulthood (Eriksson et al., 2001;
Newby et al., 2005). It is well-established that obesity is closely inter-
twined with the development of comorbid conditions related to cardio-
metabolic diseases (Juonala et al., 2011; Kahn et al., 2006).

On the other hand, existing evidence has also reported that high birth
weight was associated with a greater risk of CVD (Mohseni et al., 2020;
Osler et al., 2009). Maternal gestational diabetes and obesity have been
identified as factors leading to high birth weight, which in turn is linked
to an elevated risk of developing diabetes in later life (Fall and Kumaran,
2019). However, it is worth noting that some studies did not observe a
significant association between high birth weight and CVD risk (Huang
et al., 2022; Raisi-Estabragh et al., 2023). Furthermore, a comprehen-
sive meta-analysis has revealed J-shaped associations of birth weight
with CVD, and the lowest risks for CVD was observed at 4.0-4.5 kg,
indicating high birth weight may serve as a protective factor against
future CVD (Mr et al., 2018). Given the intricate relationship between
birth weight and other etiologic factors in determining MI over extended
periods, it is necessary to conduct further studies regarding the interplay
of genetic and environmental factors.

These observations underscore the significance of early-life in-
terventions aimed at fostering healthier developmental trajectories to
attenuate the MI risk in later life. Therefore, early nutritional in-
terventions, particularly regarding protein-energy and micronutrients
during pregnancy, are crucial for under-nourished populations (Fall and
Kumaran, 2019). However, interventions initiated after the first
trimester may not be early enough, as it results in the oversight of key
events such as fetal organogenesis during the early pregnancy period.
Thus, there remains a question of whether any modifications can be
made to mitigate the adverse effects of low birth weight on their long-
term CVH for individuals who have missed the optimal window for
intervention or are born with low birth weight.

Substantial studies have revealed the association between healthy
lifestyles and favourable cardiovascular outcomes (Cho et al., 2023;
Isiozor et al., 2023; Zhang et al., 2023, 2021). Our study also demon-
strated a significant inverse relationship between LE8 score and MI risk,
and individuals with low CVH have a higher MI risk in later life, which
were in accordance with previous research (Arnett et al., 2019; Lv et al.,
2017). A higher LE8 score is often indicative of a more favourable social
and economic environment, better access to healthcare, and a greater
tendency to engage in healthier lifestyle behaviours, all of which
contribute to a reduced risk of MI. In addition, the potential mechanisms
underlying the cardiovascular protective effects of LE8 encompass
various pathways involving inflammation, endothelial function, hae-
mostatic factors, and so forth (Lloyd-Jones et al., 2022a).

Several studies have explored the potential associations between
birth weight and the single component of LE8 (Li et al., 2015; Qiao et al.,
2017; Shi et al., 2022). However, there is currently a lack of relevant
research investigating the interaction between birth weight and inte-
grated LE8 on the subsequent risk of CVD or ML In this study, we found
that a low LE8 score can aggravate the association between birth weight
and adult MI risk. Specifically, LE8 score may have a stronger influence
on cardiovascular health outcomes in individuals born with normal birth
weight. In contrast, for individuals with abnormal birth weight, the
impact of low LE8 score on MI risk was not as pronounced compared to
those with normal birth weight. It could be attributed to the negative
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additive interactions between abnormal birth weight and LE8 score.
Another notable finding is that LE8 score demonstrates potential as a
practical and effective strategy for preventing MI, especially among
specific populations. The stratification analysis revealed that the car-
diovascular protective effect of LE8 was more prominent in individuals
under the age of 60, and those without family history of heart disease.
These results corroborate the findings of a great deal of the previous
work (Lloyd-Jones et al., 2022b; Ramirez-Vélez et al., 2018; Wells et al.,
2022).

Generally, we found a significant interaction between birth weight
and LE8 score regarding the risk of later MI in adulthood. Our finding
suggests that abnormal birth weight-related MI risk varies according to
LES8 score, highlighting opportunities where improving LE8 may atten-
uate the developmental programming effects. Furthermore, we observed
that the protective effect of an ideal CVH profile, as indicated by high
LE8 score, was more pronounced in individuals with normal birth
weight compared to those with abnormal birth weight. These results
emphasize the importance of both normal birth weight and improving
LE8 in reducing the risk of MI and promoting the integration of pre-
ventive strategies from early life to adulthood.

Several study limitations deserve mention. Firstly, our study relied
on self-reported information regarding birth weight, diet, sleep dura-
tion, and physical activity, which may be subject to recall bias and
misclassification of CVH. Secondly, LE8 score were calculated at one
time point, and the continuous trajectory of eight metrics over time was
not well tracked. Thus, potential lifestyle changes may occur during the
follow-up period. Thirdly, our findings are derived from a specific
population in the United Kingdom, primarily consisting of individuals of
white British descent. As a result, caution should be advised when
attempting to generalize these findings to other racial or ethnic groups
with distinct sociodemographic characteristics.

In conclusion, low birth weight was associated with increased MI risk
in later life, emphasizing the importance of the prenatal factor in risk
prediction and prevention of MI. While timely interventions during
pregnancy are ideal, individuals born with low birth weight can still take
measures to mitigate the adverse effects by improving LE8.
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