FUTURE SCIENCE OA
2025, VOL. 11, NO. 1, 2495537
https://doi.org/10.1080/20565623.2025.2495537

Taylor & Francis
Taylor &Francis Group

8 OPEN ACCESS ‘ N Checkforupdates‘

RESEARCH ARTICLE

Family size and cardiovascular disease incidence: a population-level
association study

Wenpeng You*<d (), Jacob Sevastidis* and Maciej Henneberg?®

3School of Biomedicine, the University of Adelaide, Adelaide, Australia; ®School of Nursing and Midwifery, Western Sydney
University, Sydney, Australia; ‘Adelaide Nursing School, the University of Adelaide, Adelaide, Australia; “Heart and Lung, Royal
Adelaide Hospital, Adelaide, Australia; ®Institute of Evolutionary Medicine, University of Zurich, Zurich, Switzerland

ABSTRACT

Aim: To investigate the population-level association between family size and cardiovascular
disease (CVD) incidence, focusing on broad patterns rather than causal mechanisms or
individual-level effects.
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Methods: Population level correlations of family size to CVD incidence were analyzed with scatter
plots, simple regression, partial correlation and multivariate regression separately. Aging, economic
affluence, obesity and urbanization were incorporated in models as potential confounders.

Results: Globally, family size negatively correlated to CVD incidence rate. This relationship
remained in partial correlation analyses when controlling for confounders. Stepwise multiple
regression revealed that family size may be the most significant predictor of CVD incidence.
Conclusions: Large family size is significantly associated with lower cardiovascular disease
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(CVD) incidence, potentially due to biological, psychological, and social factors. However, as
the data are cross-sectional, this relationship should be interpreted as correlational rather than
causal. The association appears more pronounced in developing countries, where contextual
factors may amplify its effects.

PLAIN LANGUAGE SUMMARY

This study looked at how family size may affect the risk of cardiovascular disease (CVD)
worldwide. The researchers analyzed data to see if having more family members is linked to
a lower risk of CVD. They also considered other factors that could affect this link, such as
aging, income, obesity, and living in urban areas.

The results showed that people in larger families tend to have a lower risk of developing CVD.
This connection remained strong even after taking other factors into account. The study
found that family size was the most important factor related to CVD risk.

The researchers suggest that larger families may protect against CVD by providing emotional
support, reducing stress, and creating stronger social connections. For example, family
members often encourage healthy habits, such as eating well and staying active. This
protective effect was found to be greater in developing countries, where family ties often play
a stronger role in daily life. Overall, the findings highlight the importance of family dynamics
in maintaining heart health and reducing the risk of CVD.

ARTICLE HIGHLIGHTS

« This study explores the population-level association between family size and cardiovascular
disease (CVD) incidence across countries worldwide.

« A significant negative correlation was found between family size and CVD incidence,
suggesting that larger families are associated with lower CVD risk.

« The inverse relationship remained strong after adjusting for confounding variables,
including aging, economic affluence, obesity, and urbanization.

. Stepwise multiple regression identified family size as the most significant predictor of CVD
incidence among the variables studied.

+  The protective effect of larger families was more pronounced in low- and middle-income
countries and developing regions.

« Potential mechanisms include enhanced psychological well-being, greater social support,
and increased opportunities for health-promoting behaviors in larger families.

« These findings highlight the importance of considering family dynamics in public health
planning and CVD prevention strategies.

« Further longitudinal research is needed to explore causal pathways and validate these
associations at the individual level.
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1. Introduction

Cardiovascular disease (CVD) is a cluster of health conditions affecting the heart and blood vessels. Worldwide,
around 17.9 million people die of CVDs each year [1], which accounts for 32% of global deaths. Globally, CVDs are
the leading cause of death and reduced quality of life [1]. CVD burden has been largely attributed to modifiable
and preventable behavioral risk factors, which interact with genetic background and external environment [2].

In the past decades, it has been well established that CVD is a condition associated with life-course [3].
Most CVDs are preventable and partially reversible by addressing behavioral risk factors such as physical inac-
tivity [1], unhealthy diet [4] and weight/obesity [5]. These behavioral risk factors have been considered major
causes for CVD morbidity and mortality [6]. Family size has been considered vital to providing life-long health
promotions to family members by addressing behavioral risks for developing cardiovascular diseases and
comorbidities [7,8]. Studies into the protective role of large family size in promoting family members’ health
share a common interpretation; the correlation between family size and psychosocial support/well-being.
Increases in psychological well-being due to larger family size has previously been established a protective
factor for diseases such as cancer [9].

Rapid industrialization has seen the human birth rate decline [10]. Therefore, more people grow up in
reduced core family sizes (parents only) with no or few siblings and play mates [10]. In retrospect, human
cooperative breeding and alloparental care paved the way for the human race to flourish [11]. The discrepancy
between how modern humans grow up compared to our evolutionary ancestors (i.e., reduced family sizes) has
been considered a risk factor for mental health [12,13] and cancers in the modern population [8].

Total Fertility Rate (TFR), also called sibship size, has been controversially correlated with CVDs in
single-parents, both parents and children [14,15]. By measuring the total live births to a female [16,17], TFR
has been increasingly used to index family size in demographic studies [18,19]. In this study, the primary aim
of this study is to explore the association between family size (indexed by total fertility rate) and CVD inci-
dence at the population level, without attempting to establish causation or individual-level relationships. This
aim was examined through analyzing the role of family size in predicting CVD incidence rate with the most
recent country level data published by international organizations. Confounding effects of aging, economic
affluence, obesity and urban living advantages on the family size-CVD correlation were incorporated while
analyzing the statistical independence of family size on CVD incidence.

2. Materials and Methods
2.1. Data selection and data sources

With reference to the previous publications [4,20,21], six variables (independent, dependent and confounders)
were chosen for analysis in this observational study:

1. Family size, the independent variable, was represented by Total Fertility Rate (TFR) in 2017, obtained from
the World Bank database [22]. In this study, TFR is used as a proxy for family size and is defined as the
average number of children born to a woman over her lifetime. TFR was chosen for its widespread avail-
ability and consistency across countries, making it a reliable population-level indicator in ecological stud-
ies. However, we acknowledge that TFR does not capture all aspects of family dynamics, such as extended
family structures or intergenerational interactions.

2. The CVD incidence rate, the dependent variable, was derived from 2017 data published by the Institute

for Health Metrics and Evaluation at the University of Washington [23]. It measures the number of new
CVD diagnoses per 100,000 people in 2017.
Previous studies have associated aging, affluence [24], obesity [5,25], and urbanization [26] with CVD.
These factors may compete with family size in predicting CVD incidence. Consequently, they were included
as confounding factors in this study. The data sources and detailed rationales for incorporating these four
variables into the analysis are described below.

3. Aging, indexed with the life expectancy at 65 years old (Life e;) published by the United Nations Statistics
Division [27]

Aging significantly affects the heart and arterial system, increasing the risk of developing CVDs [28]. For
individuals aged 65 and older, age becomes a major risk factor for the onset of CVD [29].
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4. Economic affluence was expressed by per capita gross domestic product purchasing power parity (GDP
PPP) published by the World Bank [16]

GDP PPP was recorded in current international $ in 2014 and has been commonly used as the proxy of
economic affluence. CVDs have been associated with economic affluence and as such have considered a
“Western disease” or a “disease of affluence” [30].

5. Obesity prevalence rate indicated the percentage of the adult population (18+ years) with a Body Mass
Index > 30kg/m? in 2014 [31]. Obesity poses multifactorial health challenges which contribute directly
(and indirectly) to CVD incidence through shared comorbidities, such as hypertension, type 2 diabetes,
dyslipidaemia, and atherosclerosis [5].

6. Urbanization was indexed through the percentage of total populations currently living in urban areas,
published by the World Bank [32].

In this study, urbanization refers to the process in which changing to an urban lifestyle leads to a lack of
physical exercise and social engagement. In 2014, despite higher levels of education and health care services,
global populations increased their intake of less nutritious food, gluten, processed meat, salt, fat, sugar and
alcohol. In previous research, an urban lifestyle has been associated with complex risk factors for chronic dis-
eases, including CVD [33].

The whole “country” list, which is comprised of 217 data reporting units, was downloaded from the
World Bank database. The most recent “country”-specific CVD incidence rates and TFRs in 2017 were
matched to the corresponding country on the World Bank country list. Each “country” is treated as a
research subject across the different data analyses. Countries included for analyses with each variable of
interest differed slightly due to missing information within the current data available through interna-
tional agencies.

The confounding variables of aging (€(65)) affluence (GDP PPP), obesity and urbanization were back-
dated to 2014 because of their potentially delayed effect on CVD incidence. The rationale for this decision
came from the pathophysiology of CVD as a delayed-onset disorder, in which it may take years for envi-
ronmental risk factors to affect CVD development. For instance, when a person becomes 65 years old, he/
she may not develop CVD immediately. To accurately analyze the independent relationship between fam-
ily size and CVD incidence, it is essential to consider the time-lag between the impact of confounding
factors and the onset of CVD. Therefore, using 2014 data for confounding factors such as aging, GDP,
obesity, and urbanization while analyzing 2017 CVD incidence data assumes that these factors require
time to affect health outcomes. Although a three-year period may seem short for CVD development, this
timeframe aligns with the onset-latency often observed in chronic diseases. Preliminary analyses of 2014
data on confounding variables revealed that each was highly correlated with the same data from other
years, indicating that using 2014 data would yield results similar to those obtained using data from dif-
ferent years.

2.2, Data analysis

To examine the role of family size in determining CVD incidence, the analysis proceeded in six steps after
referring to the previous quantitative studies [21,34,35]:

1. Bing© within MS Excel® 2016 was used to integrate the countries into a global geographic map where
each country was blue-contrasted depending on their family sizes. Countries were also labeled with their
ISO codes for ease of identification.

2. Scatter plots were produced in MS Excel® 2016 for exploring and visualizing the correlation between fam-
ily size and CVD incidence at the country level. Additionally, the scatter plots produced were used to
examine data quality and variable distributions.

Raw data (not log-transformed) were used for geo-mapping family size and generating the scatter plots
in Excel (Microsoft® 2016).

Prior to the analyses of the relationship between family size and CVD incidence rate, all six variables were
not log-transformed (In). However, scatterplots displayed curvilinearity of the data distribution. Accordingly,
to increase homoscedasticity, all six variables were log-transformed. The data analyses proceeded with
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SPSS v. 28 in four steps; assessing the correlation between family size and CVD incidence rate globally and
regionally:

3. Pearson’s and Spearman’s Rank correlations were used to examine the strength and direction of associa-
tions between any pair of the six variables (family size, CVD incidence, aging, economic affluence, obesity
prevalence and urbanization).

4. Pearson’s partial correlation was performed to explore the independent correlation between family size
and CVD incidence rate while controlling for aging, economic affluence, obesity and urbanization.

5. Standard multivariate linear regression (enter modeling) was performed to analyze the respective predictive
effects of family size, aging, GDP PPP, obesity and urbanization on CVD incidence. Subsequently, stepwise linear
regression was conducted to sort and rank the predictors which significantly predicted CVD incidence.

To see if and how much family size influenced predictors of CVD incidence in both enter and stepwise
models, family size was “added/incorporated” and then “not added/incorporated” as a predicting variable
for both the regression analyses.

6. The 217 countries were also grouped by different classification criteria to explore the regional relationship
between family size and CVD rate with Pearson’s r and Spearman’s Rho. Classifier variables were operation-
alized as follows:

1. The World Bank income classifications: low income, low-middle income, upper middle income and high
income;

2. The developed and developing countries defined by the United Nations’ common practice;

To analyze the WHO's statement that low- and middle-income countries (LMIC) take more than 75% of
CVD deaths worldwide [1], low- and low-middle and upper-middle- income countries (LMIC) were clus-
tered to create a new country grouping (LIMIC). The coefficients between family size in LMIC and
high-income countries were explored separately for coefficient comparison via Fisher’s r-to-z transforma-
tions. The same comparison approach was also conducted to explore the difference between the coeffi-
cients (family size and CVD incidence) in developed and developing countries.

3. The WHO regional classifications: Africa (AFR), Americas (AMR), Eastern Mediterranean (EMR), Europe (EU),
South-East Asia (SEAR) and Western Pacific (WPR);

4. "Countries” clustered based on their geographic distributions, economic affluence levels and cultural back-
grounds. We analyzed the correlations in the eight country groupings: the Arab World, the Asia-Pacific
Economic Cooperation (APEC), Asia Cooperation Dialogue (ACD), English as the official language (govern-
ment websites), Latin America, Latin America and the Caribbean (LAC), Organization for Economic
Co-operation and Development (OECD) and Southern African Development Community (SADC).

The significance of the correlations in the above data analysis models were reported at three levels (p <0.05,
p<0.01 and p<0.001).

3. Results

Figure 1 shows global family sizes, with larger families (darker blue contrast in the geo-map) centralized to
Africa and some regions of the Middle East. Worldwide, the average family size is 4.7, and the largest and
smallest family sizes are in Nigeria (9.1) and British Virgin Island (2.9) respectively (Figure 1).

Scatter plots of the raw data as illustrated in Figure 2, reveal that family size accounts for 52.28% of the
variance in CVD incidence (R? = 0.5228, r=-0.732, n=186, p<0.001). The correlation pattern between family
size and CVD incidence presents a third-order polynomial relationship, with a strong negative correlation
observed (r=-0.723, p<0.001, n=186). Notably, the statistical relationship identified in the scatter plots does
not significantly differ from any of the family size-CVD correlation coefficients determined in the bivariate
correlation analyses using log-transformed data (Table 1).

Table 1 shows that globally family size retains a significant negative correlation to CVD incidence in Pearson’s
and Spearman’s correlation models (r=- 0.809 and r=0.852 respectively, p<0.001). Table 1 also shows that all
four confounding variables of aging, affluence, obesity and urbanization retain moderate to strong correlations
to CVD incidence. These relationships establish that the confounding variables are properly selected for this study.
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Figure 1. The geographic map to show “country”-specific family sizes worldwide.
Data source & definition: Family size, indexed with total fertility rate (the mean number of children born to a woman in 2017), the World Bank Group.

Figure 2. Scatter plots showing the inverse relationship between family size and cardiovascular disease incidence.
Data source & definition: Family size, indexed with total fertility rate (the mean number of children born to a woman in 2017), the World Bank Group;
Cardiovascular disease (CVD) incidence, the number of new cases per 100,000, the Institute for Health Metrics and Evaluation 2017.

Partial correlations in Table 2 reveal that when confounders (aging, affluence, obesity and urbanization) are
kept constant, family size remains significant to CVD incidence rate (r=-0.459, p<0.001). Conversely, when
family size is controlled for; aging, affluence, obesity and urbanization display significant correlations to CVD
incidence (r=0.346, p<0.001, r=0.287, p<0.001, r=0.219, p<0.010 and r=0.194, p<0.050). This suggests that
family size does not significantly overlap with any of the confounding variables for predicting CVD incidence.
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Table 1. Simple regression (Pearson’s, nonparametric) to show the relationship between all variables.
Affluence (GDP

Family size CVD incidence Aging € PPP) Obesity % Urbanization
Family size 1 —0.809%** —0.787*** —0.796*** —0.390%** —0.510***
CVD incidence —0.852%** 1 0.764%** 0.734%** 0.428%*** 0.526%**
Aging e —0.783*** 0.782%** 1 0.811%** 0.362%** 0.556***
Affluence (GDP PPP) —0.766*** 0.775%** 0.820%** 1 0.502%** 0.720%**
Obesity % —0.358*** 0.473*** 0.388*** 0.483*** 1 0.546%**
Urbanization —0.510%** 0.555%** 0.604%** 0.757%** 0.584%** 1
Pearson r (above diagonal) and nonparametric (below diagonal) correlations were reported. Significance levels.
"P<0.05.
"P<0.001.

Number of country range, 179-212.

Data source & definition: Family size, indexed with total fertility rate (the mean number of children born to a woman in 2017), the World Bank Group;
Cardiovascular disease (CVD) incidence, the number of new cases per 100,000, the Institute for Health Metrics and Evaluation 2017; Aging indexed
with life expectancy at 65year old in 2014, United Nations; Affluence (Per capita GDP PPP), measured with the per capita purchasing power parity
(PPP) value of all final goods and services produced within a territory in a given year, the World Bank 2014; Urbanization, measured with the per-
centage of population living in urban area, the World Bank 2014; Obesity prevalence, measured with the percentage of population aged 18+ with
BMI equal to or over 30kg/m? the World Health Organization 2014.

All the data were log-transformed for correlation analysis.

Table 2. Partial correlations explore the independent role of family size in predicting cardiovascular disease incidence when
it is incorporated as an independent and confounding variable.

Partial correlation to CVDs Partial correlation to CVDs

variables r p df r p df
Family size Predicting variable - - -
CVD incidence — 0.459 < 0.001 170 Dependent variable

Aging e - - - 0346 < 0.001 167
Affluence (GDP PPP) - - - 0.287 < 0.001 167
Obesity % - - - 0.219 < 0.010 167
Urbanization - - - 0.194 < 0.050 167

Data source & definition: Family size, indexed with total fertility rate (the mean number of children born to a woman in 2017), the World Bank Group;
Cardiovascular disease (CVD) incidence, the number of new cases per 100,000, the Institute for Health Metrics and Evaluation 2017; Aging indexed
with life expectancy at 65years old in 2014, United Nations; Affluence (Per capita GDP PPP), measured with the per capita purchasing power parity
(PPP) value of all final goods and services produced within a territory in a given year, the World Bank 2014; Urbanization, measured with the per-
centage of population living in urban area, the World Bank 2014; Obesity prevalence, measured with the percentage of population aged 18+ with
BMI equal to or over 30kg/m? the World Health Organization 2014.

All the data were log-transformed for correlation analysis.

Included as the confounding factor.

Multiple linear regression Table 3 shows that when family size is not added as a predictor variable, aging
and affluence (GDP PPP) are the only two variables with significant influence on CVD incidence. When fam-
ily size is added as a predicting variable, family size and aging are the only two variables which display a
significant influence on CVD incidence. Regardless of family size, obesity and urbanization show no signifi-
cant relationship to CVD incidence. Affluence (GDP PPP) weakly correlates to CVD incidence when family
size is not a predictor variable, but the relationship is insignificant when family size is added to the model
as a predictor.

In Table 4, stepwise multiple linear regression revealed that aging and GDP PPP are the most influential
predictor variables for CVD incidence when family size is removed from the model. When family size is added
as a predictor variable, it becomes the most influential variable on the CVD incidence. Aging and obesity are
less influential predictors for CVD incidence with reported R? values of 0.04 and 0.005 respectively. Similar to
the finding in Table 3-1, when family size is removed, affluence (GDP PPP) becomes a significant predictor for
CVD incidence. However, this relationship is non-existent when family size is added as a predictor variable to
the model.

In both enter and stepwise models, urbanization appeared the least influential in predicting CVD incidence.
Unexpectedly in both Table 3-1 and Table 3-2, the role of affluence (GDP PPP) in predicting CVD incidence
was statistically explained by family size.

In Table 5, although countries were grouped through various classifiers, family size consistently retains a
negative correlation to CVD incidence rate. However, the strengths and significance levels of family size-CVD
incidence relationships vary depending on the sample sizes (number of the countries) and homogeneities of
grouped countries. It is worth highlighting that family size correlates to CVD incidence in LMIC significantly
more strongly than in high-income countries (z= -5.16 and -6.33, p<0.001 in Pearson’s r and nonparametric
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Table 3. Enter multiple linear regression model to describe the relationship of CVD to each predicting variable.

Family size not added Family size added
Variables entered Beta Sig. Beta Sig.
Family size Not added Family size —0.489 < 0.001
Aging e 0.501 < 0.001 Aging e 0.266 < 0.010
Affluence (GDP PPP) 0.334 < 0.001 Affluence (GDP PPP) 0.107 0.270
Obesity % 0.074 0.197 Obesity % 0.079 0.127
Urbanization —0.056 0.437 Urbanization —0.018 0.789

Enter multiple linear regression modeling is reported. Contribution of variables is listed in order of how much they contribute to cardiovascular dis-
ease incidence.

Data source & definition: Family size, indexed with total fertility rate (the mean number of children born to a woman in 2017), the World Bank Group;
Cardiovascular disease (CVD) incidence, the number of new cases per 100,000, the Institute for Health Metrics and Evaluation 2017; Aging indexed
with life expectancy at 65years old in 2014, United Nations; Affluence (Per capita GDP PPP), measured with the per capita purchasing power parity
(PPP) value of all final goods and services produced within a territory in a given year, the World Bank 2014; Urbanization, measured with the per-
centage of population living in urban area, the World Bank 2014; Obesity prevalence, measured with the percentage of population aged 18+ with
BMI equal to or over 30kg/m? the World Health Organization 2014.

All the data were log-transformed for correlation analysis.

Table 4. Stepwise linear regression model to sort significant predictors of cardiovascular disease incidence.

Family size not added Family size added
Rank Variables entered Adjusted R? Rank Variables entered Adjusted R?
Family size Not added 1 Family size 0.654
1 Aging € 0.591 2 Aging e 0.694
2 Affluence (GDP PPP) 0.626 3 Obesity % 0.699
Obesity Insignificant Affluence (GDP PPP) Insignificant
Urbanization Insignificant Urbanization Insignificant

Stepwise multiple linear regression modeling is reported. Contribution of variables is listed in order of how much they contribute to cardiovascular
disease incidence.

Data source & definition: Family size, indexed with total fertility rate (the mean number of children born to a woman in 2017), the World Bank Group;
Cardiovascular disease (CVD) incidence, the number of new cases per 100,000, the Institute for Health Metrics and Evaluation 2017; Aging indexed
with life expectancy at 65years old in 2014, United Nations; Affluence (Per capita GDP PPP), measured with the per capita purchasing power parity
(PPP) value of all final goods and services produced within a territory in a given year, the World Bank 2014; Urbanization, measured with the per-
centage of population living in urban area, the World Bank 2014; Obesity prevalence, measured with the percentage of population aged 18+ with
BMI equal to or over 30kg/m? the World Health Organization 2014.

All the data were log-transformed for correlation analysis.

Table 5. Family size determining cardiovascular disease incidence in various country clusters.

Country groupings Pearson r p Nonparametric p

Worldwide (n=186) —0.809%** < 0.001 —0.852%** < 0.001

World Bank income classifications
High Income, n=59 —-0.326* < 0.050 —-0.271* < 0.050
Low Income, n=28 —0.613%** < 0.001 —0.455* < 0.050
Low Middle Income, n=48 —0.758*** < 0.001 —0.7771%** < 0.001
Upper Middle Income, n=51 —0.681*** < 0.001 —0.729%** < 0.001
Low- and middle-income countries (LMIC), n=127 —0.824%*** < 0.001 —0.861*** < 0.001
Fisher r-to-z transformation (LMIC vs High) Z= —5.16, p<0.001 Z= —6.33, p< 0.001

United Nations common practice
Developed, n=46 —0.599*** < 0.001 —0.190 0.205
Developing, n=140 —0.769*** < 0.001 —0.811%** < 0.001
Fisher r-to-z transformation (Developing vs developed) Z= —1.87, p<0.050 Z= —5.36, p<0.001

WHO regions
Africa, n=46 —0.839%** < 0.001 —0.650%** < 0.001
Americas, n=36 —0.622%** < 0.001 —0.724%** < 0.001
Eastern Mediterranean, n=21 —0.393 0.078 —0.503* 0.020
Europe, n=51 —0.699%** < 0.001 —0.435%** < 0.001
South-East Asia, n=10 —0.371 0.292 0.050 0.960
Western Pacific, n=22 —0.798*** < 0.001 —0.799*** < 0.001

Countries grouped with various factors
Arab World, n= 21 —-0.379 0.090 —0.453* < 0.050
Asia-Pacific Economic Cooperation, n= 19 —0.706%** < 0.001 —0.818%** < 0.001
Asia Cooperation Dialogue, n=33 -0.516** < 0.010 —0.487** < 0.010
English as Official Language, n=48 —0.835%** < 0.001 —0.881%** < 0.001
Latin America, n=21 —0.746*** < 0.001 —0.848*** < 0.001
Latin America and Caribbean, n=32 —0.678%** < 0.001 —0.749%** < 0.001
Organization for Economic Co-operation and Development, n=37 —0.504%** < 0.001 —0.495%** <0.010
Southern African Development Community, n= 16 —0.879%** < 0.001 —0.806*** < 0.001

Pearson r and nonparametric correlations within country groupings were reported.

Data source & definition: Family size, indexed with total fertility rate (the mean number of children born to a woman in 2017), the World Bank
Group; Cardiovascular disease (CVD) incidence, the number of new cases per 100,000, the Institute for Health Metrics and Evaluation 2017.

All the data were log-transformed for correlation analysis.
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respectively). Similarly, family size shows significant strong correlations with CVD incidence in developing
countries than in developed countries (z= —1.87, p<0.050 and z= —5.36, p<0.001 in Pearson’s r and nonpara-
metric respectively). This suggests that family size plays a significantly important role in protecting against
CVDs in developing/LMIC countries compared to developed countries.

4. Discussion

The findings of this study demonstrate a significant population-level association between family size and CVD
incidence. However, as an ecological analysis, this study does not establish causation or examine individual-level
relationships. Instead, its primary objective is to explore broad patterns and generate hypotheses for future
research. These results highlight the need for longitudinal and experimental studies to validate and further
explore the causal mechanisms behind the observed associations.

CVD arises from a variety of causes, and by analyzing the correlation between global family size and CVD
incidence rates, this study suggests the following:

1. Worldwide, larger families may be a protective factor against CVD. Scatter plots showed that family size
explains 52.28% CVD incidence rate variance globally.

2. Large family size retains a strong protective role in reducing CVD incidence even when confounding
effects of aging, affluence, obesity and urbanization are removed.

3. Large family size may be the most influential predictor variable for CVD incidence when family size, aging,
affluence, obesity and urbanization are rank-analyzed together in stepwise analyses.

4. The protective role of large family size against CVD incidence appears to be more relevant in LMICs than
in high-income countries. Similarly, this protective effect is more pronounced in developing countries com-
pared to developed countries.

Human mental health (mind) and physical health (body) are interconnected and interdependent [36]. The
impact of the mind-body connection on human health has been intriguing to academics and clinicians alike
since the Chinese medicinal book, Huangdi Neijing was compiled and published 2,200years ago [37]. The
mind-heart-body-connection has been well established in academic research and it has been repeatedly
reported that positive psychological health is associated with, and can potentially protect, cardiovascular
health and decrease CVD initiation [37,38]. The applications of this research have been well-studied and are
widely practiced in clinical settings today [39]. Regardless of cultural backgrounds, family can bring stress
relief, happiness and a sense of well-being to an individual through core, reliable support networks and close,
positive attachments [40]. The impact of family on positive psychological well-being has been scaled with
family size and tested in a number of studies [41]. The mechanism for the protecting role of large family size
in reducing CVD incidence may include:

1. Large family size may play a biological role in enhancing the mind-heart-body-connection.
It is well known that oxytocin is also called the “hormone of love” or” hormone of attachment,” whose
production is associated with positive psychological well-being [42,43]. Therefore, oxytocin may be one of
the hormones which underpin the mind-heart-body-connection [44], as it displays therapeutic effects in
regulating cardiovascular function and treating cardiovascular pathologies [45].
A family is a group of individuals sharing strong emotional bonds mediated by behaviors such as
identification, loyalty, solidarity, attachment, and reciprocity [46]. Family daily life has been reported
as a major factor that can upregulate oxytocin production in the body. Oxytocin release has been
previously associated with behaviors in females, such as childbirth [47] and subsequent lactation [48],
as well as daily interactions between family members, including interactions between parents [49]
and between parents and children [50,51]. Additionally, oxytocin may form a self-reinforcing cycle
between its production and family interactions, as it can help maintain monogamous relationships
among family members [52].
Accordingly, studies have revealed that greater family size may create more positive psychological
well-being in an individual, leading to more oxytocin release [9,41].
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Additionally, from an evolutionary perspective, large family size denotes a high birth rate which provides
more opportunity for natural selection to occur [53]. The outcome from the process of natural selection
is less CVD genes/mutations accumulated in the population, thus mitigating CVD risk in offspring.
Natural selection acts on each family in our contemporary population [54]. The total opportunity for nat-
ural selection to take place in each “country” has been measured with the Biological State Index (l,) [55].
I, indexing the opportunity for natural selection in the current global population reveals an inverse cor-
relation to family size [56]. This suggests that populations with larger family sizes may have higher pro-
portions of genetic variation, a precedent to effective natural selection [53]. When natural selective forces
occur, individuals with a genetic disposition for increased risk of CVD are limited in their reproductive
opportunities [54,57], reducing the likelihood of genes increasing CVD risk being inherited. Therefore, pop-
ulations with large family size may have higher genetic variation leading to lower CVD incidence rates in
offspring.

2. Psychological well-being from family life increases life satisfaction leading to the adoption and mainte-
nance of healthy lifestyle choices.
Family members from large families have more opportunities for positive interactions with each other,
which may assist in maintaining overall life satisfaction within an individual [9,41]. This may psychologi-
cally increase the level of life purpose [58]. Large families may offer members more opportunities for
social engagement, which can maintain an individual’s positive psychological well-being- a protective fac-
tor against CVD onset [38]. People with a high level of life satisfaction are more readily optimistic, which
in-turn aids them in making and maintaining positive relationships. Through these relationships, individu-
als create strong support networks which they can rely on in times of stress on hardship [59,60]. Life
satisfaction may also help individuals with more positive relationships (such as those in large families)
build up cognitive-behavioral mechanisms helping them to more readily follow healthcare advice; previ-
ously demonstrated in cardiovascular health promotion [7,61].

3. More social support from family members increases knowledge regarding CVD prevention
Family is vital for promoting CVD health and preventing CVD progenesis throughout an individual’s lifes-
pan [7]. Family members can remind each other to maintain cardioprotective lifestyle choices, such as
optimism, physical activity, healthy diet, abstaining from smoking and drinking alcohol, equanimity and
medication compliance [62]. Also, family members can recommend and/or remind each other to have
necessary medical examinations, especially for those family members exposed to pre-CVD or CVD comor-
bidities [63]. Pihlman et al [18] reported that when compared to children without siblings, children with
siblings had reduced exposure to recognized CVD risk factors such as obesity, high LDL-cholesterol and
less physical activity. Additionally, this trend was maintained throughout development to adulthood [64].

To compare and highlight the differences between our study and previous studies, we used the phrases
“family size and cardiovascular disease,” “the number of childbirths and cardiovascular disease” and “parity and
cardiovascular disease” for keyword searches in Google Scholar and PubMed. Ten studies were randomly
selected and are included in the supplementary file for comparative analysis of study design (SF 1: Comparing
Study Designs Between the Current Study and Ten Previously Published Studies).

This study has the following differences from the previous studies, which add to the current study’s
strengths.

Firstly, a large majority of the previous studies only considered the impact of family size as a potential risk
factor for CVD progenesis or mortality in population segments (classified with ages or sexes) within a country
[65-69]. Therefore, these studies could not generalize their conclusions among the entire population. Another
limitation to this method is that the standard deviations within the individual variables may be too small due
to cultural and socio-economical homogeneity within the country. For instance, within Sweden, families share
similar culture and economic affluence which influenced smaller family sizes in a large majority of the popu-
lation [70]. This led to small variance in Swedish family size, making it difficult to observe the inverse correla-
tion of family size to CVD incidence.

Secondly, a common concern with previous studies is that their designs seem to assume that family size
was only a risk factor for site-specific CVDs. However, the mechanisms of family size for reducing CVD risk are
nonspecific and there have been insufficient studies revealing the etiologies for site-specific CVDs. Previous
correlations of family size to site-specific CVDs observed in previous studies may be spurious [70,71]. In this
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study, instead of exploring the role of family size in impacting site-specific CVDs, the total CVD incidence was
included for quantifying the role of family size in total CVD incidence.

Thirdly, the CVD mortality rate has been used in previous studies as an index to assess the adverse effects
of family size on CVDs. This includes two phases of CVD: before diagnosis and the subsequent non-clinical and
clinical treatments following diagnosis. Analyzing CVD in two phases implies that the overall measurement of
CVD events may not accurately indicate CVD onset, as the impact is confounded by a patient’s existing CVDs
and subsequent treatments. In contrast, the CVD incidence rate, as included in this study, may serve as a
better indicator of CVD risk. It represents the rate of new CVD cases in 2017 for the total population, before
patients experienced any significant CVD treatments or effects.

Finally, this study has provided a more comprehensive analysis (on a wider range of variables) exploring the
relationship between family size and CVD mortality/incidence compared to previous studies. In this study,
several, well-established potential confounding factors (aging [72], GDP PPP [73], obesity [74] and urban living
[26,75]) have been included as control variables while analyzing the role of family size in determining CVD
incidence. Additionally, the relationship between family size and CVD incidence was quantified at three levels
with multiple data analysis models (detailed at the beginning of the Discussion). Although TFR has controver-
sially correlated to CVD risk in previous studies, more siblings can provide a greater source of genetic varia-
tion, emotional support and practical aid which may decrease the risk for developing CVDs [40].

This study analyzed multiple datasets using various approaches to examine the relationship between family
size and CVD incidence, incorporating key confounders such as aging, economic affluence, obesity, and urban-
ization. Stepwise linear regression analysis revealed that these five predictive variables collectively accounted
for a significant portion of the variance in CVD incidence, with family size, aging, and economic affluence
identified as the three most influential contributors, together explaining 69.9 percent of the variance. While
the study provides valuable insights, limitations must be acknowledged. Other critical factors, such as health-
care access, dietary habits, genetic predisposition, physical activity, stress levels, and smoking, may also signifi-
cantly influence CVD incidence [76]. These factors were excluded due to data limitations and potential
inconsistencies in international data sources, underscoring the need for cautious interpretation of the findings.
Addressing these limitations in future research by including a broader range of confounders and ensuring
more reliable data could enhance the understanding of the observed associations and their underlying mech-
anisms. The inability to include factors such as healthcare access and genetic predisposition represents a key
limitation, as these variables could significantly influence cardiovascular disease incidence. Therefore, while the
findings offer valuable perspectives, they should be interpreted cautiously, with future research incorporating
these additional variables to provide deeper insights into the complex determinants of CVD.

However, CVD has also become a pressing public health concern in low- and middle- income countries,
which take up around 80% of all CVD deaths worldwide [5]. The inverse correlation of family size to CVD
incidence was also observed in different country groupings. There has been a growing interest in examining
the effects of family size on CVDs between LMIC and high-income countries, and between developed and
developing countries [1]. In this study, both the bivariate correlations (Pearson’s r and Spearman’s rho) revealed
that family size was significantly weaker in correlations to LMIC CVD incidence compared to high-income
countries. This may be explained by emerging economies and a sharp Westernization process in many LMIC
and developing countries in the past 30-40years, which have contributed to reductions in family size and
higher levels of CVD diagnoses. In developing countries and LMIC countries, there is a strong correlation
between family size and CVD incidence rates. This correlation is even stronger than what is observed in devel-
oped and high-income countries. However, it is important to exercise caution when attributing the higher CVD
incidence rates in developed or high-income countries solely to smaller family sizes. Other factors, such as
urbanization, may complicate the relationship between family size and CVD incidence in our simple regression
analyses.

The reliance on TFR as a proxy for family size provides valuable insights at the population level but may
oversimplify the complexities of family relationships and their impact on health outcomes [77,78]. While TFR
effectively captures the average number of children born to women in a population, it does not account for
variations in family structures, such as multigenerational households, single-parent families, or the presence
of extended family members. These dynamics can significantly influence emotional support, stress levels,
and access to resources, which are crucial factors in cardiovascular health. Additionally, TFR does not reflect
the quality or nature of family interactions, such as caregiving roles, communication patterns, or shared
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activities, which may play a pivotal role in fostering psychological well-being and healthy behaviors.
Expanding future analyses to include more detailed measures of family composition, such as sibling relation-
ships, parental involvement, and intergenerational support, could provide deeper insights into how specific
family dynamics contribute to cardiovascular health. Integrating qualitative data, such as interviews or sur-
veys, alongside quantitative metrics could further enrich our understanding of the nuanced ways in which
families influence health outcomes. These expanded approaches would allow for a more comprehensive
exploration of the protective or risk-modifying effects of family dynamics on cardiovascular health, moving
beyond simple numerical proxies to examine the intricate interplay of social and emotional factors within
families.

Urbanization influences CVD risk through interconnected pathways, including lifestyle changes, dietary tran-
sitions, and reduced physical activity. Rapid urbanization often leads to increased consumption of processed
foods high in salt, sugar, and unhealthy fats, along with a sedentary lifestyle, significantly contributing to
obesity, hypertension, and diabetes, which are well-established risk factors for CVD. Additionally, urban envi-
ronments expose individuals to higher levels of air pollution, a recognized contributor to cardiovascular mor-
bidity. While urbanization can improve access to healthcare, its overall impact on CVD risk depends on the
balance between positive and negative effects. In regions such as Southeast Asia and Sub-Saharan Africa,
rapid urbanization has been associated with dietary shifts toward processed, calorie-dense foods and rising
CVD rates [79]. Urbanization also affects mental health, stress levels, and social support networks, indirectly
influencing cardiovascular health. Increased social isolation or reduced access to green spaces in urban envi-
ronments has been linked to poorer cardiovascular outcomes [80]. To better understand these multifaceted
effects, future research should employ mixed-methods approaches combining quantitative data with qualita-
tive insights from affected populations, offering a deeper understanding of how urbanization interacts with
other factors to influence CVD risk across diverse contexts.

Our findings suggest that larger family sizes may contribute to reduced CVD risk through biological, psy-
chological, and social mechanisms, highlighting the potential value of integrating family dynamics into public
health initiatives. Policies supporting strong family networks could include measures such as extended paren-
tal leave, affordable childcare, and family-friendly workplace practices, all of which can reduce stress and foster
family cohesion. Encouraging multigenerational housing or community-based living spaces can also strengthen
intergenerational support systems, offering emotional and practical benefits that mitigate CVD risk. Family
planning programs should balance reproductive choices with the promotion of healthy family dynamics by
incorporating discussions on the role of social support and psychological well-being in health outcomes. In
regions where the protective effects of family size are most pronounced, such as LMICs, culturally appropriate
incentives for larger families could be explored. Additionally, integrating cardiovascular health education into
family planning initiatives, focusing on stress management, healthy lifestyles, and family-based support, can
foster holistic interventions that align family planning policies with cardiovascular disease prevention strate-
gies, promoting both individual and collective health outcomes.

5. Study limitations

Before analyzing the public health implications on CVD prevention with the study’s findings, it is necessary to
note its limitations below:

Firstly, this is an observational study; therefore, the relationship between family size and CVD incidence should
be interpreted as correlational rather than causational. As an ecological analysis, our findings are confined to
identifying population-level associations and cannot establish causation or provide insights into individual-level
relationships. Future research should adopt longitudinal or experimental designs to explore the causal mecha-
nisms underlying the relationship between family size and CVD incidence more comprehensively.

Secondly, while TFR is a widely used demographic indicator, it may not fully account for the complexities
of family dynamics, such as extended family structures, co-residency, and intergenerational interactions, which
could influence cardiovascular disease outcomes. Future research should explore additional measures, for
example household size of family dynamics to provide a more nuanced understanding of their relationship
with CVD incidence.
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Secondly, this study only shows a correlation between family size and cardiovascular events at the global,
population level, which may not hold true at the individual level. However, to minimize the risk of erroneous
correlations, we incorporated a number of control variables for exploring the independent role of family size
in predicting CVD incidence.

Thirdly, the observed associations between family size and CVD incidence must be interpreted with caution,
given the potential influence of unmeasured confounders such as genetic predisposition, lifestyle factors, and
healthcare access. Future studies incorporating these variables could provide a more nuanced understanding
of the relationship and its underlying mechanisms.

Fourthly, while this study incorporates key confounders such as aging, economic affluence, obesity, and
urbanization, we acknowledge that other critical factors, including healthcare access, dietary habits, genetic
predisposition, physical activity, and stress levels, which collectively account for approximately 30 percent of
the variance in CVD incidence, may significantly influence cardiovascular disease incidence. These factors were
not included in this analysis due to data limitations. Future research should aim to address a broader range
of confounders to provide a more comprehensive understanding of the determinants of cardiovascular disease.

Fifthly, this study relies on data sourced from international databases, which may vary in quality and consistency
due to differences in data collection methodologies across countries. These variations could introduce biases or
inaccuracies in the reported results. While steps were taken to ensure data quality, such as cross-referencing with
established sources, future research would benefit from standardized and more granular data to improve reliability.

Finally, data quality could be comprised due to random and human errors made during data collection by
the reporting countries. Therefore, the data included in this study may be fairly crude, which may affect the
accuracy of our calculations and comparisons.

6. Conclusions

This study reveals a significant negative association between large family sizes and CVD incidence, particularly
in LMIC and developing countries. While findings suggest that family-based health promotion offers biopsy-
chosocial benefits, the cross-sectional nature of the data precludes causal inferences. These results highlight
the importance of incorporating family dynamics into public health planning. Family planning programs should
balance population control with the health benefits of supportive family environments, while CVD prevention
strategies could strengthen familial and social support systems to enhance psychological well-being. Future
longitudinal research is needed to explore the mechanisms driving these associations and determine if family
size directly protects against CVD. Integrating family dynamics into public health initiatives may provide a
comprehensive approach to cardiovascular health.
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