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Background: This investigation examines the worldwide impact of cardiovascular diseases (CVD) resulting from inadequate vegetable consumption, based on the 2021 Global Burden of Disease Study data.



Method: The study assessed the global, regional, and national repercussions of low vegetable intake on CVD, with a focus on variations among different age and gender demographics. It further analyzed the correlation between disease burden and the Socio-Demographic Index (SDI), and employed an ARIMA model to predict future trends in CVD associated with insufficient vegetable consumption up to 2050.



Result: In 2021, a diet lacking in vegetables was responsible for roughly 682,400 deaths and 16 million disability-adjusted life years (DALYs) attributed to CVD, indicating a declining pattern over recent year. Individuals aged 75 and older were predominantly affected. Future projections indicate an expected rise in CVD incidence in lower-middle SDI regions, with African nations potentially experiencing increased challenges related to low vegetable consumption by 2030 and 2050.



Conclusion: The findings underscore the critical necessity for preventive measures against CVD and emphasize the significance of improving dietary habits, particularly vegetable intake.
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1 Introduction

Cardiovascular diseases (CVD) represent the foremost cause of mortality and morbidity globally, encompassing a diverse array of disorders affecting the heart and blood vessels, including coronary artery disease, stroke, and heart failure. In 2019, CVD affected an estimated 523 million individuals worldwide and was responsible for 18.6 million deaths (1, 2). The widespread prevalence of CVD imposes significant economic and healthcare burdens, particularly in low and middle-income countries (2). Given the enormity of its impact, there is a critical need to explore modifiable risk factors that contribute to the prevention and management of CVD.

Recent emphasis on dietary habits, particularly the intake of fruits and vegetables, highlights a significant, modifiable dietary factor. Fruits and vegetables are not only cost-effective and accessible but also provide substantial health benefits that may reduce the risk of chronic diseases such as CVD and diabetes (3–16). Public health authorities and national dietary guidelines consistently advocate for increased consumption of these food groups, aligning with evidence suggesting their role in enhancing cardiovascular health.

However, the specific impact of fruit and vegetable consumption on different types of CVD is less frequently dissected. A nuanced understanding is necessary, as certain cardiovascular conditions may be more sensitive to dietary modifications than others. Furthermore, a host of socioeconomic, environmental, and behavioral factors influence dietary habits. These include the availability and affordability of fruits and vegetables, cultural dietary patterns, and regional disparities in health education and awareness. For instance, variations in fruit and vegetable consumption can be attributed to economic accessibility, with individuals in lower socioeconomic strata or remote areas facing significant challenges in obtaining fresh produce (17).

Additionally, lifestyle choices accumulated over decades, especially in individuals aged 75 and above, profoundly affect CVD risks. This demographic's dietary patterns earlier in life, along with their physical activity levels, play a crucial role in their current health status. While our study focuses on the effects of insufficient vegetable consumption on CVD, a comprehensive analysis would also consider these broader lifestyle factors to paint a fuller picture of CVD dynamics (18).

By addressing these elements, this research aims to provide a holistic view of the role of diet in cardiovascular health and to underscore the potential of dietary interventions in reducing the global burden of CVD.



2 Method


2.1 Study population

This research employed data from the 2021 Global Burden of Disease Study, reviewing 369 diseases and injuries and 87 risk factors across 204 nations from 1990 to 2021 (19).

To determine the impact of cardiovascular diseases (CVD), we utilized established methodologies from prior studies (20). We refined raw data sourced from health surveys and verbal autopsies to increase precision (21). This data was processed using the Cause of Death Ensemble model (CODEm), generating annual, region-specific CVD mortality estimates by age and gender (20, 22). We performed a comparative risk assessment to pinpoint critical CVD risk factors and computed population attributable fractions (PAF) to evaluate the impact of insufficient vegetable intake on CVD incidence. These PAFs were instrumental in estimating CVD-related mortality and disability-adjusted life years (DALYs) across varying demographics and periods (20). DALYs were calculated by adding years lost due to premature death from lower respiratory infections (LRIs) to years lived with disability (YLDs), with adjustments made for the severity of the condition (21). The Socio-Demographic Index (SDI) was developed considering elements such as fertility rates for those under 25 years (TFU25), educational attainment for individuals over 15 years (EDU15+), and per capita income, categorizing 204 locales into five SDI brackets (21, 23).

Definition of vegetable intake can be found in https://ghdx.healthdata.org/gbd-2021.



2.2 Statical analysis

We standardized mortality and DALY figures across different demographic structures using age-adjusted rates (AAR). Linear regression was performed on the natural logarithms of these metrics, formulated as y = α + βx + ε, where x denotes the year, and y is the natural log of the rate. The estimated annual percentage change (EAPC) was derived using the expression 100 * (e^β−1), accompanied by a 95% confidence interval (95% CI). An increase in AAR was noted if both the EAPC and the lower limit of the 95% CI were positive, a decline was observed if both the EAPC and the upper limit of the 95% CI were negative, and stability was concluded if neither condition was met (24, 25). The correlation between AAR and SDI was explored using Gaussian process regression with Loess smoothing, and Spearman rank correlation tests were utilized to examine this relationship (23, 25, 26).

Furthermore, an ARIMA (Autoregressive Integrated Moving Average) model was utilized to examine and forecast the influence of low vegetable intake on CVD trends on a global, regional, and national scale from 2020 to 2050. The configuration of the ARIMA model (p, d, q) included “p” as the number of lag observations for the autoregressive component, “q” for the lag of forecast errors in the moving average segment, and “d” for the differencing needed to stabilize the data. The selection of the model was guided by the Akaike Information Criterion (AIC) and the Bayesian Information Criterion (BIC) (27).

Data analysis was done using R. P < 0.05 was considered statistically significant (28–33).




3 Result


3.1 Spatiotemporal patterns of CVD attributable to diet low in vegetables

In 2021, insufficient intake of vegetables was associated with around 682,400 deaths and 16 million disability-adjusted life years (DALYs) due to cardiovascular diseases (CVDs). The age-standardized mortality rate (ASMR) stood at 8.2154 (95% UI, 5.6150–10.8400), and the age-standardized DALY rate (ASDR) was 187.4715 (95% UI, 122.4929–247.5979) per 100,000 individuals. There has been a notable reduction in the global impact of CVDs related to low vegetable consumption over the last thirty years (Table 1, Supplementary Table S1).


TABLE 1 Global and regional deaths and DALYs of CVD attributable to diet Low in vegetables in 1990 and 2021 in 27 global regions.
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Concerning the Socio-Demographic Index (SDI), significant declines in both ASMR and ASDR associated with diets low in vegetables were observed across all regions (Table 1, Supplementary Table S1, Figure 1).


[image: Figure 1]
FIGURE 1
Temporal trends of ASMR and ASDR of CVD attributable to diet low in vegetables from 1990 to 2021 in different SDI regions.


Regionally, South Asia and Southeast Asia reported the highest burdens of CVD due to insufficient vegetable consumption in terms of deaths and DALYs. In contrast, Central, Eastern, and Southern Sub-Saharan Africa exhibited the highest ASMR and ASDR (Table 1).

At the national level, the 2021 data highlighted substantial variations in ASMR and ASDR from CVDs related to low vegetable consumption, with the most elevated rates recorded in several African and South Asian countries. Over the period from 1990 to 2021, there has been a general uptick in both ASMR and ASDR within these regions (Table 1, Supplementary Table S1, Figure 2).
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FIGURE 2
(a) Global distribution of ASMR of CVD attributable to Diet Low in Vegetables in 2021 in 204 countries and territories. (b) EAPC of ASMR of CVD attributable to Diet Low in Vegetables from 1990 to 2021 in 204 countries and territories. (c) Global distribution of ASDR of CVD attributable to Diet Low in Vegetables for both sexes in 2021 in 204 countries and territories. (d) EAPC of ASDR of CVD attributable to Diet Low in Vegetables from 1990 to 2021 in 204 countries and territories.




3.2 Age and gender pattern

Figure 3 displays the global age-specific mortality and DALY rates for cardiovascular diseases (CVDs) in 2021, alongside historical trends from 1990. The graph illustrates a J-shaped curve, showing an increase in mortality and DALY rates for those under 75 years, with a pronounced rise for ages 75–95 and older. Throughout all age categories, mortality rates associated with low vegetable intake showed negligible gender differences, with DALY rates exhibiting a similar trend. From 1990 to 2021, the decrease in both mortality and DALY rates was more pronounced among females than males under 60 years.
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FIGURE 3
Age-specific rates of global deaths (a) and DALYs (b) of CVD attributable to diet low in vegetables, by sex, in 2021 and the corresponding EAPC of global deaths (c) and DALYs (d) from 1990 to 2021.


Across all Socio-Demographic Index (SDI) categories, mortality and DALY rates were generally higher in males, except in the low-middle SDI regions, highlighting a persistent gender disparity across various regions. However, this gap has lessened in high and high-middle SDI regions (Figure 4).


[image: Figure 4]
FIGURE 4
Sex disparity in CVD attributable to diet low in vegetables across SDI regions.




3.3 Association with the socio-demographic Index

Figure 5 presents a comparative analysis of the actual vs. projected age-standardized DALY (ASDR) and mortality rates (ASMR) for CVD due to low vegetable intake, related to Socio-Demographic Index (SDI) values at regional and national levels from 1990 to 2021. A marked negative correlation (R = −0.81, P < 0.0001) was observed between ASDR and rising SDI, suggesting a heavier disease burden in lower SDI areas. Regions such as Southeast Asia, Central Sub-Saharan Africa, and Oceania reported ASDRs that were higher than expected during this timeframe. The patterns of observed vs. forecasted ASMR based on SDI at the regional level corresponded with the ASDR findings. Additionally, Figure 5 illustrates the observed and projected ASDR and ASMR for 2021 at the national level, demonstrating a similar inverse relationship with SDI across both regional and national contexts.
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FIGURE 5
(a) Correlations between ASMR of CVD attributable to Diet Low in Vegetables and SDI at the regional level. (b) Correlations between ASDR of CVD attributable to Diet Low in Vegetables and SDI at the regional level. (c) Correlations between ASMR of CVD attributable to Diet Low in Vegetables and SDI at the national level. (d) Correlations between ASDR of CVD attributable to Diet Low in Vegetables and SDI at the national level.




3.4 Forecasts for the mortality, DALYs rate, ASMR and ASDR of CVD attributable to diet low in vegetables in global (2022–2050)

Future projections for mortality and DALY rates, including age-standardized mortality rate (ASMR) and age-standardized DALY rate (ASDR), associated with CVDs due to vegetable consumption are depicted in Figures 6–8. Most regions, categorized by the Socio-Demographic Index (SDI), are anticipated to observe a decline in the CVD burden, with the exception of low-middle SDI regions where increases in both mortality and DALY rates are expected.
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FIGURE 6
Estimated trends of mortality rate (a), DALYs rate (b), ASMR (c) and ASDR (d), 1990–2050 at the regional level.
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FIGURE 7
Estimated trends of mortality rate (a, b) and ASMR (c, d) in 2030 (a, c) and 2050 (b, d) at the national level.
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FIGURE 8
Estimated trends of DALYs rate (a, b) and ASDR (c, d) in 2030 (a, c) and 2050 (b, d) at the national level.


At the national level, projections indicate that trends are likely to remain consistent through 2030 and 2050. Nonetheless, African countries are projected to encounter significantly higher burdens of CVD related to inadequate vegetable intake during these years.




4 Discussion

This research assesses the global effects of cardiovascular diseases (CVD) related to insufficient vegetable consumption from 1990 to 2021, revealing a significant decline in cases throughout this period. Individuals over 75 were most impacted. Future projections suggest increasing CVD burdens in lower-middle Socio-Demographic Index (SDI) areas, with consistently high burdens expected in African regions. This study offers a comprehensive examination of the consequences and future projections of vegetable deficits on CVD.

Many studies have examined the link between fruit and vegetable consumption and CVD risk, typically identifying positive effects. A recent comprehensive meta-analysis of cohort studies involving 4,031,896 participants across 69 countries found that those with the highest intake levels had a 7%, 9%, and 6% reduced risk of CVD for total fruits and vegetables, fruits, and vegetables respectively, compared to those with the lowest intake levels (7). These findings align with substantial evidence suggesting that higher consumption of fruits and vegetables is associated with a lower risk of CVD. However, research in different geographical settings, particularly in Asian populations, has shown varied results. In line with our observations, the China-PAR study indicated that those in the highest quintile of total fruit and vegetable consumption had a 15% decreased CVD risk [0.85 (0.77, 0.95)] (16). This was consistent with findings that greater fruit consumption was associated with an 18% reduction in CVD risk [0.82 (0.74, 0.91)], although no significant correlation was found for vegetables alone. These results highlight the possibility that the effect of fruits and vegetables on CVD may be influenced by the type of produce consumed, as well as other factors such as lifestyle habits and cultural dietary patterns.

Conversely, Takachi et al. reported no link between total fruit and vegetable consumption and CVD risk in Japanese cohorts but did identify an inverse relationship between fruit consumption and CVD risk [0.81 (0.67, 0.97)] (14). Such discrepancies may be attributed to the differences in dietary patterns, food culture, and genetic factors across populations. For instance, dietary habits in Japan may involve high consumption of other protective foods, such as fish and soy-based products, that could confound the relationship between fruit and vegetable intake and CVD risk. The causes for these differing outcomes remain unclear, and further research is needed to better understand how fruit and vegetable consumption interacts with other dietary and lifestyle factors to influence cardiovascular health across diverse populations.

Proposed mechanisms suggest that fruit and vegetable consumption may decrease CVD risk due to their rich content of beneficial nutrients, such as dietary fiber, plant proteins, vitamin C, minerals, polyphenols, phytoestrogens, and carotenoids, all of which are known to aid in CVD prevention (34). Dietary fiber, for example, can regulate gut microbiota, enhancing the production of short-chain fatty acids (SCFAs) that contribute to cardiovascular health by lowering systemic inflammation and inhibiting platelet aggregation (35). Additionally, the antioxidants found in fruits and vegetables, particularly vitamin C, are associated with lower incidences of CVD, including hypertension, coronary heart disease (CHD), heart failure, and stroke (36). Vitamin C's antioxidant properties are thought to protect blood vessels by reducing oxidative stress, which is a key factor in the development of atherosclerosis and other cardiovascular conditions. Plant proteins, commonly found in legumes, nuts, and seeds, are also linked to reduced CVD risk by lowering cholesterol levels and reducing inflammation (37). Moreover, polyphenols present in a variety of fruits and vegetables, such as those found in soybeans and grapes, including phenolic acids and flavonoids, are believed to support cardiovascular health through their anti-inflammatory, antioxidant, and gut microbiota-regulating effects (38). These bioactive compounds may contribute to the prevention of CVD by improving endothelial function, reducing arterial stiffness, and modulating the balance of pro- and anti-inflammatory molecules in the body.

Despite these promising mechanisms, the precise pathways through which fruits and vegetables reduce CVD risk are complex and multifactorial. Additional studies are needed to further explore these mechanisms and how they may vary based on the type of fruits and vegetables consumed, as well as individual genetic factors and overall dietary patterns.

The policy implications of our study emphasize the need for healthcare system strengthening, particularly in low- and middle-income countries (LMICs), where the CVD burden is highest. Policy actions should focus on improving access to CVD prevention, early diagnosis, and treatment, with an emphasis on primary care in underserved regions. Lifestyle interventions, including healthier food policies and tobacco control, should be prioritized globally. Addressing social determinants of health and reducing health inequities are essential for long-term prevention. Additionally, adapting healthcare systems to the needs of aging populations and fostering cross-sector collaboration will be crucial for mitigating the future CVD burden.

While vegetable consumption plays a protective role in CVD due to its high content of fiber, vitamins, and antioxidants, high intake of salt, saturated fats, and refined sugars remains a significant global risk factor. Reducing these harmful dietary factors, while increasing vegetable intake, is essential for mitigating the CVD burden. A balanced, plant-based diet can provide synergistic benefits, making it a key strategy in CVD prevention.

Implementing dietary interventions to reduce cardiovascular disease (CVD) burden faces several challenges, including cultural and behavioral factors, economic constraints, limited access to healthy foods, and gaps in health literacy. In low- and middle-income countries (LMICs), the high cost and limited availability of vegetables pose significant barriers, while in high-income countries, economic inequality and food deserts contribute to disparities in access to nutritious foods. Public health campaigns, education on the benefits of vegetables, and policies to make healthy foods more affordable are critical. Additionally, integrating dietary interventions into healthcare systems and addressing policy barriers is key for successful implementation.

Nonetheless, this study encounters several limitations. The lack of data from specific countries could introduce bias into our findings. The detail on total and daily vegetable intake was also insufficient, limiting the analysis. The variety of fruits assessed was too narrow to comprehensively evaluate CVD risks. Moreover, there were gaps in the data concerning mortality and DALY trends from 1990 to 2021. Critically, there was a lack of data on individuals under 25 years old, a demographic notably characterized by low fruit consumption.



5 Conclusion

This study offers an in-depth evaluation of the worldwide effects of cardiovascular diseases (CVD) associated with insufficient vegetable consumption from 1990 to 2021, highlighting a notable reduction in cases during this period. Individuals aged 75 and older were predominantly impacted. Future forecasts suggest that mortality and DALY rates will rise in regions with low-middle SDI. Nationally, it is anticipated that African countries will continue to experience significant CVD challenges linked to low vegetable intake up to 2030 and 2050.

These findings are crucial for the development of strategies aimed at preventing CVD and emphasize the importance of managing dietary factors.
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