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Objective: Extensive research has consistently shown the beneficial impact of fruit consumption on overall health. While some studies have proposed a potential association between fruit consumption and hypertension management, the influence of fruit consumption on mortality rates among hypertensive individuals remains uncertain. Consequently, aim of this study is to evaluate whether fruit consumption is associated with all-cause mortality among hypertensive patients.

Methods: Data were obtained from the National Health and Nutrition Examination Survey (NHANES), conducted between 2003 and 2006. Ten-year follow-up data from the National Death Index (NDI) were used to assess all-cause mortality. Cox proportional hazard model was utilized to explore the impact of fruit intake on all-cause mortality among hypertensive individuals.

Results: The study included a cohort of 2,480 patients diagnosed with hypertension, and during the follow-up period, a total of 658 deaths from various causes were recorded. The COX regression analysis demonstrated that hypertensive patients who consumed apples three to six times per week exhibited a significantly reduced risk of all-cause mortality (HR = 0.60, 95%CI: 0.45–0.78, p < 0.001) in comparison to those who consumed apples less than once per month. Likewise, consuming bananas three to six times per week also led to a comparable outcome (HR = 0.76, 95%CI: 0.59–0.97, p = 0.027). Moreover, Combined consumption of bananas and apples three to six times per week exhibited a noteworthy decrease in all-cause mortality (HR = 0.57, 95%CI: 0.39–0.84, p = 0.005) when compared to individuals who consumed these fruits less frequently. Conversely, no significant association was found between the consumption of other fruits, including pears, pineapples, and grapes, and all-cause mortality.

Conclusion: The study discovered that moderate consumption of apples and bananas was associated with a reduced risk of all-cause mortality in patients with hypertension.
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Introduction

Fruits play a pivotal role in promoting a nourishing diet on a global scale (1). The Dietary Guidelines for Americans 2015–2020 advocate for the inclusion of fruits in dietary patterns, with a particular emphasis on the consumption of whole fruits (2). Extensive research has consistently demonstrated a significant inverse association between the intake of substantial quantities of fruit and the risk of developing cardiovascular disease, obesity, diabetes, cancer, and stroke (3–7). Moreover, studies have indicated that fruit consumption can effectively mitigate the risk of all-cause mortality in individuals with diabetes and specific types of cancer (8, 9).

Hypertension is a widely prevalent cardiovascular disorder. The World Health Organization’s global report on Hypertension reveals that approximately one third of the global population experiences this condition, resulting in over 10 million deaths annually attributed to elevated systolic blood pressure, with a substantial annual mortality rate (10). Hypertension remains the most significant modifiable risk factor for global all-cause mortality (11). The reportprimarily emphasizes the mitigation of hypertension through lifestyle modifications, with particular attention given to the impact of dietary patterns on blood pressure (10). Both the Dietary Approaches to Stop Hypertension and Mediterranean diets are recognized in the scientific community as effective dietary patterns for reducing high blood pressure (12–16). Both diets emphasize the consumption of fruits in their recommended meal plan (12–16).

Fruit-based diets, particularly those including apples, bananas, pears, and grapes, can have a positive impact on human health due to their high nutrient content. These fruits are rich in antioxidants, vitamins, and potassium (17). These nutrients can reduce blood pressure by improving endothelial function, modulating stress reflex sensitivity, and increasing antioxidant activity (18). Additionally, antioxidants can hinder the generation of reactive oxygen species, these species can scavenge excess and harmful free radicals that are produced during normal metabolism, prevent DNA damage, and ultimately reduce all-cause mortality (19). Nevertheless, a consensus regarding the optimal quantity of fruit intake has yet to be reached. Discrepancies in nutritional guidelines for fruit consumption persist across different nations. The World Health Organization advocates for the consumption of five fruit servings, the U.S. Dietary Guideline suggests at least 2 servings, whereas the Chinese Dietary Guideline suggests consuming 2.5–4.5 servings (20–22). Additionally, limited research has been conducted on the association between fruits intake and mortality rates among individuals with hypertension. Thus, the objective of this study is to assess the relationship between fruit consumption and all-cause mortality within a cohort of hypertensive patients.



Methods


Study design and population

Source of study population was from the National Health and Nutrition Examination Survey (NHANES), a public database that monitors human health conditions and nutrition across ethnic groups in the United States through continuous updates. NHANES obtained resident samples of all races in the United States through multi-stage stratified sampling, including people of all ages from all regions of the country. Therefore, NHANES data is a representative reflection of the health status of United States residents. Researchers can obtain NHANES data for free from the official website (Supplementary Table S1). The Ethics Review Board of the National Center for Health Statistics had approved the NHANES study. All participants provided written informed consent, allowing researchers to use the data as long as the data source is identified in the findings. The NHANES database included 11,183 adult participants from diverse ethnic and geographic backgrounds, between 2003 and 2006. Hypertension was identified through a computer-assisted personal interview system and a questionnaire. 3,390 participants were identified as having hypertension, while 908 participants were excluded due to not completing the Food Frequency Questionnaire (FFQ). Two participants lacked sufficient information to link to the National Death Index (NDI) data, resulting in missing follow-up survival status results and their exclusion from the study. Ultimately, 2,480 participants were enrolled in the study, as illustrated in Figure 1.
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FIGURE 1
 Flowchart of participant selection.




Fruit consumption assessment

The Food Frequency Questionnaire (FFQ) is a tool used to collect information about food intake frequency in the past 12 months, including fruit consumption habits. Participants in this study were asked about their average intake of apples over the last year by responding to the prompt: “How often did you eat apples/ bananas/ pears/pineapples/grapes?” Their eating habits were then analyzed. Fruit consumption data was obtained via an FFQ, which categorized intake levels as follows: unknow, less than once /month, 1–3 times/month, 1–2 times/ week, three to six times/ week, or once or more /day for apples, pears, bananas, pineapples, and grapes.



Outcome assessment

All-cause mortality was examined using data from the National Death Index (NDI), which recorded death information for study participants from the survey’s commencement through December 31, 2019. The NDI, published by the National Center for Health Statistics, a United States government agency, connects NHANES data with mortality records. Data perturbation techniques were utilized in the NDI to reduce the risk of participant re-identification and maintain patient confidentiality. Study period concludes 10 years after enrollment. For deceased patients, the follow-up duration since their interview was computed based on the quarter and year of their passing. For living patients, follow-up duration was determined using the end of the follow-up period. All NDI data used in this study were obtained from publicly released documents on the website (Supplementary Table S1).



Covariates assessment

The collection of baseline patient data was facilitated by a computer-assisted personal interview system and a questionnaire survey. This comprehensive dataset encompassed various demographic factors such as gender, age, race, education level, ratio of family income to poverty, as well as health-related information including smoking and alcohol consumption, presence of hypercholesterolemia, diabetes, cardiovascular disease, stroke, lung disease, liver disease, and failing kidneys. Ethnicity was determined by categorizing patients as Mexican Americans, non-Hispanic Blacks, non-Hispanic whites, other Hispanics, or others. A smoking history of at least 100 cigarettes smoked throughout one’s lifetime was used as the criterion for identifying individuals as smokers. A drinker was operationally defined as an individual who had consumed a minimum of 12 cups alcoholic beverages within the preceding 12-month period. The presence of hypertension, hypercholesterolemia, diabetes, stroke, liver disease, and renal failure was ascertained based on prior diagnoses made by the participant’s healthcare provider. Participants who responded affirmatively to any of the following inquiries were categorized as having cardiovascular disease: “Have you ever been diagnosed with congestive heart failure, coronary heart disease, angina pectoris, or a heart attack by a healthcare professional?”



Statistical analysis

The median (first quartile, third quartile) was employed for continuous variables that did not adhere to a normal distribution. Categorical variables were expressed as numbers (percentages). The comparison of non-normally distributed continuous variables between two groups was conducted using the rank sum test. Furthermore, Chi-square tests were utilized to compare categorical variables between two groups. Cox proportional hazard model was utilized to examine the impact of fruit intake on all-cause mortality. Model 1 did not adjust any covariates. Model 2 made adjustments for gender, age, race, education level, and ratio of family income to poverty rate. In Model 3, covariates were selected based on the principle of covariate screening: confounding factors were compared before and after adding them to the regression model, and those resulting in a change in p value greater than 10% were included. Adjusting factors in the final Model 3 included sex, age, race, education level, ratio of family income to poverty rate, smoking history, history of hypercholesterolemia, diabetes, history of cardiovascular disease, stroke, lung disease, and history of failing kidneys. Before COX regression, collinearity screening was carried out for all covariates. The results indicated that the Variance Inflation Factor (VIF) for all covariates was less than 5. Splines smoothing plots were utilized to examine the linear or nonlinear correlation between the frequency of consuming different kinds of fruits and all-cause mortality. Additionally, stratified analyses were performed to confirm the consistency of the outcomes in the presence of different diseases. In addition, further elucidating the relationship between fruit intake and mortality was done by using a three-dimensional histogram and a time-mortality curve. The analysis of data was conducted using the R language package and EmPower software.1 p-values less than 0.05 are considered statistically significant.




Results


Baseline characteristics of the participants

A total of 2,480 participants met the study’s exclusion criteria and were included (Figure 1). The baseline characteristics of each participant are presented in Table 1. During the follow-up period, there were 1822 individuals who survived and 658 who died. The survivor group consisted of 44.5% males and 55.5% females. 15.8% of the population identified as Mexican American, 1.9% as other Hispanic, 53.4% as non-Hispanic white, 25% as non-Hispanic black, and 3.8% as belonging to other race. In regards to educational attainment, 45.4% of the population had education beyond high school. Concerning income, 40.3% of households had an income to poverty ratio greater than 3. Of the participants in survival group, 62.1% reported consuming alcohol, 48.9% smoked cigarettes, 47.3% had hypercholesterolemia, 17.8% suffered from diabetes, 14.2% from cardiovascular disease, 5.3% from stroke, 18.6% from lung disease, 4.1% from liver disease, and 3.3% from failing kidneys. In the group that experienced death, 55.5% were male and 44.5% were female. By race, 12.3% identified as Mexican American, 1.1% as other Hispanic, 65.5% as non-Hispanic white, 19.3% as non-Hispanic black, and 1.8% as other race. In terms of educational attainment, 34.2% possessed a high school education or higher. Regarding income, 24.8% had a ratio of family income to poverty exceeding 3. Of all participants in all-cause death group, 59.7% reported alcohol consumption, 62.8% reported smoking, 52.4% had hypercholesterolemia, 28.4% had diabetes, 37.8% had cardiovascular disease, 18.1% had a history of stroke, 26.1% suffered from lung disease, 4% experienced liver disease, and 10.9% had failing kidneys.



TABLE 1 Baseline characteristics of participants.
[image: Table1]



Relationship between fruit consumption and all-cause mortality

The study examined the association between fruit consumption and all-cause mortality. The findings from splines smoothing plots analysis, as depicted in Figure 2, illustrated a decreasing trend in the risk of all-cause mortality when consuming apples and bananas three to six times per week. However, no significant changes in the risk of all-cause mortality were observed for other fruits, regardless of the intake levels.

[image: Figure 2]

FIGURE 2
 Splines smoothing plots of relationship between fruit consumption and all-cause mortality. (A) Splines smoothing plots of relationship between apple intake and all-cause mortality in patients with hypertension. (B) Banana intake. (C) Pear intake. (D) Pineapple intake. (E) Grape intake. HR has been fully adjusted for gender, age, race, education level, ratio of family income to poverty rate, smoking, hypercholesterolemia, diabetes, cardiovascular disease, stroke, lung disease, failing kidneys. HR, hazard ratio.


The findings from the multivariable adjusted Model 3 reveal that individuals who consume apples or bananas three to six times per week have a reduced risk of all-cause mortality by 40% (HR = 0.60, 95% CI: 0.45–0.78, p < 0.001) and 24% (HR = 0.76, 95% CI: 0.59–0.97, p = 0.027), respectively, compared to those who consume them less than once per month (Table 2). However, no statistically significant correlation was found between other frequency of consumption of apples and bananas and the risk of all-cause mortality. Furthermore, it is worth noting that no significant association is identified between the consumption of other fruits (including pears, pineapples, and grapes) and all-cause mortality.



TABLE 2 Hazard ratios and confidence intervals of all-cause mortality for fruit consumption.
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Relationship between apple intake and all-cause mortality

Subgroup analyses revealed that the association between apple consumption and all-cause mortality among individuals with hypertension remained unaffected by the presence or absence of comorbidities (all p values for the interaction were > 0.05) (refer to Table 3). Over the course of a 10-year follow-up period, our findings demonstrated that hypertensive individuals who consumed apples three to six times per week had a significantly lower risk of mortality compared to those who consumed them less than once a month. This observation is substantiated by the risk ratio results for all-cause mortality derived from the fully adjusted model, as illustrated in Figure 3 (log-rank test p < 0.05).



TABLE 3 Stratified analysis of relationship between apple intake and all-cause mortality.
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FIGURE 3
 Time-mortality curve of the relationship between apple consumption and all-cause mortality. Adjusted for gender, age, race, education level, ratio of family income to poverty rate, smoking, hypercholesterolemia, diabetes, cardiovascular disease, stroke, lung disease, failing kidneys.




Relationship between banana intake and all-cause mortality

In a subgroup analysis, it was observed that the association between banana consumption and all-cause mortality among individuals with hypertension remained unaffected by the presence or absence of comorbidities (all p values for the interaction were > 0.05) (refer to Table 4). By employing COX regression analyses and accounting for confounding factors, the risk ratio for all-cause mortality was calculated. The results demonstrated that hypertensive individuals who consumed bananas three to six times per week had a significantly lower risk of mortality compared to those who consumed bananas less than once per month. The results are shown in Figure 4 (log-rank test p < 0.05).



TABLE 4 Stratified analysis of relationship between banana intake and all-cause mortality.
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FIGURE 4
 Time-mortality curve of the relationship between banana consumption and all-cause mortality. Adjusted for gender, age, race, education level, ratio of family income to poverty rate, smoking, hypercholesterolemia, diabetes, cardiovascular disease, stroke, lung disease, failing kidneys.




Combined consumption of apple and banana with all-cause mortality

Further research was conducted to investigate the relationship between the consumption of a combination of apples and bananas and all-cause mortality rates. Participants were categorized into nine groups based on their frequency of consuming apples and bananas. Weekly consumption of apples and bananas was recorded as either three to six times, greater than three to six times, or less than three to six times. The Cox proportional hazard model was used to assess the risk of all-cause mortality. The findings (Figure 5; Supplementary Table S2) suggest that consuming apples and bananas three to six times per week significantly reduces the risk of all-cause mortality compared to consuming them less than three to six times per week (HR = 0.57, 95%CI: 0.39–0.84, p = 0.005). However, other consumption frequencies did not show a significant reduction in the risk of all-cause mortality.

[image: Figure 5]

FIGURE 5
 Three-dimensional histogram of relationship of combined consumption of apple and banana with the risk of all-cause mortality. Adjusted for gender, age, race, education level, ratio of family income to poverty rate, smoking, hypercholesterolemia, diabetes, cardiovascular disease, stroke, lung disease, failing kidneys, except the subgroup variable. HR, hazard ratio; Ref, reference. **, p < 0.01.





Discussion

The study findings demonstrate that consuming apples or bananas three to six times per week is correlated with reduced all-cause mortality among individuals with hypertension, whereas no significant correlation was observed between the consumption of pears, pineapples, and grapes and lower all-cause mortality risks. Additionally, consuming a combination of apples and bananas three to six times per week may be associated with the greatest reduction in the risk of all-cause mortality. According to our knowledge, this is the first study to investigate the association between fruit consumption and all-cause mortality among individuals with hypertension.

Prior studies have demonstrated a connection between the intake of fruits and a decrease in mortality rates among populations afflicted with particular ailments. Chen et al. (8) sought to examine the association between fruit consumption and the dose–response relationship in relation to all-cause mortality in individuals diagnosed with type 2 diabetes in their study. The findings unveiled that a daily fruit consumption exceeding 42.9 g was associated with a 24% reduction in the risk of all-cause mortality (HR = 0.76; 95% CI 0.64–0.88) when compared to those who did not consume fruits. In a retrospective cohort study conducted by Martina et al. (9), it was observed that prostate cancer patients who consumed above-median quantities of fruits and vegetables exhibited a significantly higher likelihood of overall survival at 15 years in comparison to those with lower intake (71% versus 58%, p = 0.04; HR = 0.66, 95% CI: 0.47–0.93). These findings indicate a potential association between fruit and vegetable consumption and long-term survival among individuals diagnosed with prostate cancer. Similar to the aforementioned conditions, hypertension is a noteworthy health issue that affects a considerable portion of the population. Numerous studies have provided evidence that the consumption of fruit can reduce blood pressure levels in individuals with hypertension. However, the potential influence of fruit consumption on mortality rates among hypertensive populations has yet to be established. Our findings indicate that a moderate intake of apples and bananas is associated with a reduction in all-cause mortality among patients with hypertension, implying that fruit consumption may also confer survival benefits to hypertensive individuals.

Numerous studies have elucidated the positive impact of fruit consumption on health (23, 24). A meta-analysis has revealed that increased consumption of vegetables and fruits is associated with reduced all-cause mortality rates (24). The consumption of five servings of vegetables and fruits per day reached a point at which all-cause mortality no longer decreased. Our research suggests that consuming apples and bananas three to six times per week is associated with a decrease in mortality rates. However, increasing consumption beyond this range did not provide additional advantages. Further investigation into the relationship between fruit consumption and health is necessary to develop updated guidelines for optimal fruit intake.

Previous studies have primarily focused on the association between overall fruit consumption and mortality rates, with limited examination of the effects of specific types of fruit. Jonathan et al. found that increased apple consumption was associated with reduced all-cause mortality in elderly women (25). Our own research further supports this notion, demonstrating that the proper consumption of apples can effectively mitigate the risk of mortality. Jonathan’s study demonstrates that there is no significant correlation between heightened banana consumption and all-cause mortality. Conversely, our study has identified a notable association between appropriate intake of bananas and all-cause mortality. Discrepancies in findings may be ascribed to multiple factors observed across various studies, including disparities in the study population, methods of measuring fruit consumption, adjustments for confounding variables, duration of follow-up, and characteristics of the cohort.

There is a lack of literature describing individual fruits, which makes it difficult to understand the mechanisms involved. Both apples and pears belong to the Rosaceae family and are excellent sources of dietary fiber and phenolic compounds (26, 27). Dietary fiber has been shown to have a positive impact on cholesterol levels, blood sugar, and blood pressure, as well as promoting a healthy intestinal flora (28, 29). Phenolic compounds possess antioxidant, anti-inflammatory, anti-cancer, anti-aging, antiviral (30, 31). The study found no significant difference in dietary fiber content between apples and pears. However, apple skin had the highest concentration of polyphenolic compounds. In terms of inhibiting DPPH free radicals, the apple peel extract was the strongest while the pear pulp extract was the weakest (32). A study found that apples are the primary source of phenolic compounds and antioxidants in Northern Europe and the United States (33). The potential health benefits of apple polyphenols may exceed those of pear polyphenols. The antioxidant effects of pear polyphenols have only been demonstrated in vitro, as they have received less attention in research (26). In addition to this, apples can alleviate the symptoms of chronic diseases and reduce the risk of cardiovascular disease and cancer, due in large part to apple polyphenols (27, 34). As one of the most commonly consumed fruits, grapes are rich in antioxidants such as polyphenols and flavonoids. These antioxidants can reduce atherosclerosis by inhibiting the oxidation of low-density lipoproteins and activating novel proteins that prevent cellular senescence. Additionally, they can help prevent cardiovascular disease (35, 36). However, compared to apples, grapes may contain less dietary fiber. Dietary fiber has a blood pressure-lowering effect, which may be one of the reasons why apples can help alleviate chronic diseases (28, 29). Pineapple contains polyphenols, dietary fiber, and minerals. Studies have shown that pineapple exhibits anti-inflammatory and antioxidant activity (37). The polyphenol content in pineapple is lower than in apples. Although some studies have shown that pineapple skin contains more bioactives, it is not edible. Therefore, it is recommended to consume processed pineapple products and extracts (38). As a highly popular fruit worldwide, bananas possess a diverse range of nutrients, including phenolic compounds, vitamins C and E, carotenoids, as well as potassium ions (39). Many of these compounds exhibit antioxidant activity that protects the body against oxidative stresses, potentially decreasing mortality rates (40). Vitamin E, vitamin C, and carotenoids react with free radicals, specifically peroxyl radicals, and monolinear molecular oxygen to achieve antioxidant effects (19). Vitamin E helps prevent the oxidation of unsaturated fatty acids to peroxides, while carotenoids possess the ability to scavenge single-linear oxygen. Vitamin C plays a role in the regeneration of vitamin E and the elimination of free radicals within the cytoplasm (19). Furthermore, vitamin E has the potential to decrease platelet aggregation by inhibiting the proliferation of smooth muscle cells and reducing platelet adhesion to collagen (41). When comparing the potassium content of commonly consumed fruits, bananas contain more potassium than pears, and green grapes (17). Studies have shown that the consumption of potassium from dietary sources can lead to a decrease in blood pressure and a reduction in overall mortality (42–45). These mechanisms may help explain the correlation between bananas and apples intake and all-cause mortality, but not other fruits, with lowered all-cause mortality in our results for hypertensive patients. However, it is important to note that the conclusions of this study are specific to a particular population and cohort. Therefore, they should not be used to dismiss the health benefits of other fruits.


Strengths and weaknesses

An important strength of this study is that it examines the association between fruit consumption and all-cause mortality within a hypertensive population, thereby providing a unique contribution to existing literature that has primarily focused on the general population. Moreover, our study boasts a substantial and diverse sample size, encompassing participants from different regions of the United States, varying ethnic backgrounds, and diverse socioeconomic statuses. The selection of the NHANHS database was based on its reputation for providing high-quality data and its recognition within the field. However, the scope of our study is constrained as it solely focused on examining the effects of apple and banana consumption on all-cause mortality, without considering the associations with specific causes of mortality such as cardiovascular disease, cancer, or chronic conditions. The researchers assessed the fruit intake of participants, which may introduce random measurement errors due to variations in individual diets over time. Additionally, observational studies may be subject to bias. In our study, we adjusted for covariates such as education level, poverty rate, and smoking to account for potential confounding factors. Although we made diligent attempts to account for all potential confounding variables and mitigate the impact of covariates in our analysis, it is plausible that unidentified or unmeasured factors could have influenced our findings.




Conclusion

In summary, our study has revealed that the consumption of a suitable quantity of apples or bananas can effectively lower mortality rates among individuals diagnosed with hypertension. Furthermore, the synergistic effect of consuming both fruits may yield even more advantageous outcomes. These findings may contribute novel evidence to the existing body of knowledge on dietetics for hypertensive populations.
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Number 1822 658

Age, years 64.0(51.0-740) 60.0 (46.0-69.0) 750 (66.0-80.0) <0.001
Sex <0.001
Male 1,176 (47.4) 811(44.5) 365 (55.5)

Female 1,304 (52.6) 1011 (55.5) 293 (44.5)

Race <0.001
Mexican American 369 (14.9) 288(15.8) 81(12.3)

Other Hispanic 42(1.7) 35(1.9) 70.1)

Non-Hispanic White 1,404 (56.6) 973 (53.4) 431(655)

Non-Hispanic Black 583 (23.5) 456 (25.0) 127 (19.3)

Other race 82(33) 70(3.8) 12(1.8)

Education level <0.001
<High school 747 (30.1) 494 (27.1) 253 (38.4)

High school graduate or general equivalency diploma 680 (27.4) 501(27.5) 179(27.2)

>High school 1,052 (42.4) 827(45.4) 225(34.2)

Unknown 1(0.1) 0(0.0) 1(0.2)

Ratio of family income to poverty <0.001
<1 372 (15.0) 266 (14.6) 106 (16.1)

1-3 1,094 (44.1) 745 (40.9) 349.(53.0)

>3 898 (36.2) 735 (40.3) 163 (24.8)

Unknown 116 (4.7) 76 (4.2) 40 (6.1)

Alcohol use 0278
No 955 (38.5) 690 (37.9) 265 (40.3)

Yes 1,525 (61.5) 1132 (62.1) 393(59.7)

Smoking <0.001
No 1,176 (47.4) 931(51.1) 245(37.2)

Yes 1,304 (52.6) 891(48.9) 413(628)

Hypercholesterolemia 0024
No 1273 (51.3) 960 (52.7) 313 (47.6)

Yes 1,207 (48.7) 862 (47.3) 345 (52.4)

Diabetes <0.001
No 1968 (79.4) 1497 (822) 471(71.6)

Yes 512(206) 325 (17.8) 187 (28.4)

Cardiovascular Disease <0.001
No 1972 (79.5) 1,563 (85.8) 409 (62.2)

Yes 508 (20.5) 259 (14.2) 249 (37.8)

Stroke <0.001
No 2264(91.3) 1725 (94.7) 539 (81.9)

Yes 216 (87) 97(5.3) 19 (18.1)

Lung Disease <0.001
No 1969 (79.4) 1,483 (814) 486 (73.9)

Yes 511(206) 339 (18.6) 172 (26.1)

Liver Condition 0902
No 2380 (96.0) 1748 (95.9) 632(96.0)

Yes 100 (40) 74(4.1) 26(40)

Failing Kidneys <0.001
No 2348 (94.7) 1762 (96.7) 586 (89.1)

Yes 132(53) 60(3.3) 72(109)

Apple intake <0.001
<1 times/month 953 (38.4) 670 (36.8) 283 (43.0)

1-3 times/month 603 (24.3) 466 (25.6) 137(208)

1-2 times/week 423(17.1) 317 (17.4) 106 (16.1)

3-6 times/week 341(138) 268 (14.7) 73(11.1)

1 times/day 101 (4.1) 66(3.6) 35(5.3)

Unknow 59 (24) 35(1.9) 24(6)

Banana intake <0.001
<1 times/month 532 (21.5) 401 (22.0) 131 (19.9)

1-3 times/month 500 (20.2) 392(215) 108 (16.4)

1-2 times/week 508 (20.5) 385 (21.1) 123 (187)

3-6 times/week 592 (23.9) 429(235) 163 (24.8)

1 times/day 296 (11.9) 183 (10.0) 13(17.2)

Unknow 52(21) 32(18) 20(3.0)

Pear intake 0689
<1 times/month 1571(63.3) 1,165 (63.9) 406 (61.7)

1-3 times/month 498 (20.1) 367(20.1) 131(19.9)

1-2 times/week 248100 177 (97) 7110.8)

3-6 times/week 85(3.4) 61(3.3) 24 (3.6)

1 times/day 23(09) 16(09) 70.1)

Unknow 55(22) 36 (2.0) 19(2.9)

Pineapple intake 0761
<1 times/month 1722 (694) 1,260 (69:2) 462 (70.2)

1-3 times/month 500 (20.2) 378 (20.7) 122(18.5)

1-2 times/week 151 (6.1) 110 (6.0) 41(62)

3-6 times/week 43(17) 30(1.6) 13 (2.0)

21 times/day 12(0.5) 9(0.5) 3(0.5)

Unknow 52(2.1) 35(1.9) 17 (2.6)

Grape intake 0073
<1 times/month 1,074 (43.3) 758 (41.6) 316 (48.0)

1-3 times/month 766 (30.9) 580 (31.8) 186 (28.3)

1-2 times/week 359 (14.5) 273 (15.0) 86(13.1)

3-6 times/week 170 (69) 131(72) 39(59)

21 times/day 44(18) 34(L9) 10(1.5)

Unknow 67(2.7) 46 (25) 213.2)

Continuous variables are presented as the median (Q1, Q3), and categorical variables are summarized as numbers (%). Differences in baseline characteristics were compared with the chi-
square test for categorical variables and rank sum test for continuous variables. Q1. first quartile; Q3, third quartile.
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Number <ltimes/ 1-3times/ 1-2times/ 3-6times/ >1times/day

month week week
Hypercholesterolemia 0919
No 1273 Ref 072(048,107)  086(059,1.26) | 076(053,1.08)  0.99(0.67,1.46)
Yes 1207 Ref 0.86(0.60,124) | 080(055,1.15) 0.7 (0.55,1.09) 1.06(0.73,153)
Diabetes 0925
No 1968 Ref 076(056,103)  081(060,1.09) | 075(056,1.00)  0.96(0.70,131)
Yes s12 Ref 0.96(0.56,1.66) | 0.85(0.49,148) 078 (0.48,125) 115 (0.69,192)
Cardiovascular Disease 0383
No 1972 Ref 088(0.63,125) | 092(0.66,128) 090 (0.66,123) 112(0.79,157)
Yes 508 Ref 0.68(044,105)  070(046,1.08)  054(036,0.82)  0.84(0.55,1.28)
Stroke 0.404
No 2264 Ref 074(055,100) | 082(062,1.10)  079(061,104)  094(0.70,126)
Yes 216 Ref 107(057,199) | 085(045,1.60) 060 (031, 1.14) 123(0.66,232)
Lung Disease 0959
No 1969 Ref 082(0.60,1.12) | 086(0.64,1.17)  0.76(0.57,101) 1.04(0.77,141)
Yes 511 Ref 075(044,126)  072(043,120) | 075(047,1.19) 089 (0.51,152)
Liver Condition on7
No 2380 Ref 079(061,104)  079(061,1.03) | 074(058,095)  0.96(0.73,126)
Yes 100 Ref 131(020,849) | 093(0.14,593)  239(041,1400) | 945(0.96,93.18)
Failing Kidneys 0418
No 2348 Ref 073(055,097) | 076(058,1.01) | 071(055,092)  0.98(0.74,129)
Yes 132 Ref 180(0.74,436) | 122(052,287) 107 (0.43,266) 184 (0.72,465)

Adjusted for gender,age, race, education level, ratio of family income to poverty rate, smoking, hypercholesterolemia, diabetes, cardiovascular discase, stroke, lung discase,faling kidneys,
except the subgroup variable. HR, hazard ratio; CI, confidence interval; P inter, P interaction; Ref, reference.
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Model 1 Model 2 Model 3

Number HR (95%Cl) p HR (95%CI) p HR (95%CI) p
Apple intake
<1 times/month 953 Ref Ref Ref
1-3 times/month 603 0.73 (0.60, 0.90) 0.003** 0.79 (0.64, 0.98) 0.032* 0.81 (0.66, 1.01) 0.056
1-2 times/week 423 0.82 (0.66, 1.03) 0.082 0.80 (0.63, 1.00) 0.055 0.86 (0.68, 1.08) 0.199
3-6 times/week 341 0.69 (0.53,0.89) 0.004** 0.56 (0.43, 0.73) <0.001*** 0.60 (0.45, 0.78) <0.001***
21 times/day 101 119 (0.84, 1.69) 0.326 091 (0.63, 1.30) 0.592 0.94 (0.65, 1.35) 0.724.

Banana intake

<1 times/month 532 Ref Ref Ref

1-3 times/month 500 0.86 (0.67, 1.11) 0.240 0.78 (0.60, 1.01) 0.062 0.80 (061, 1.05) 0.105
1-2 times/week 508 0.98 (0.7, 1.26) 0.896 0.79(0.61, 1.03) 0.077 0.82(0.63, 1.06) 0.124
3-6 times/week 592 1.14 (0.90, 1.43) 0.274 0.74 (0.58, 0.94) 0.013* 0.76 (0.59, 0.97) 0.027%
21 times/day 296 1.69 (131, 2.17) <0.001%** 0.95(0.73,1.23) 0.675 1.01(0.77, 1.31) 0.958
Pear intake

<1 times/month 1571 Ref Ref Ref

1-3 times/month 498 1.04 (0.85, 1.26) 0.718 0.83 (0.68, 1.02) 0.080 0.82(0.67, 1.01) 0.058
1-2 times/week 248 1.13 (0.8, 1.45) 0.341 093(0.71,1.21) 0.583 0.92(0.70, 1.20) 0.538
3-6 times/week 85 1.14(0.76, 1.73) 0.524 0.92(0.59, 1.41) 0.690 0.87 (0.56, 1.34) 0.527
1 times/day 2 117 (0,56, 2.48) 0.674 121(0.57,2.58) 0,613 127 (0.60,2.72) 0,535
Pineapple intake

<1 times/month 1722 Ref Ref Ref

1-3 times/month 500 0.90 (0.74, 1.10) 0.319 0.96 (0.78, 1.18) 0.684 1.00 (0.82, 1.24) 0.963

1-2 times/week 151 1.05 (0.76, 1.44) 0.774 1.16 (0.83, 1.61) 0.391 1.00 (0.71, 1.40) 0.996
3-6 times/week 43 1.18 (0.68, 2.05) 0.553 133(0.76,2.31) 0314 1.48 (0.84,2.58) 0.172.
21 times/day 12 0.87(0.28,2.71) 0.810 0.78(0.25, 2.46) 0.675 0.86 (0.27,2.78) 0.802
Grape intake

<1 times/month 1074 Ref Ref Ref

1-3 times/month 766 0.81 (0.68,0.97) 0.023* 0.84(0.70, 1.02) 0.072 0.84 (0.70, 1.02) 0.076
1-2 times/week 359 0.79 (0.62, 1.00) 0.047* 1.00 (0.78, 1.28) 0.978 1.01(0.79, 1.30) 0.927
3-6 times/week 170 0.76 (0.5, 1.06) 0.111 0.76 (0.54, 1.07) 0.116 0.75 (0.54, 1.06) 0.109
21 times/day 44 0.74 (0.40, 1.40) 0.358 0.82(0.42, 1.60) 0.566 0.80 (0.41, 1.56) 0.511

Model 1: Not adjusted.

Model 2: Adjusted for gender, age, race, education level, ratio of family income to poverty rate.

Model 3: Adjusted for gender, age, race, education level, atio of family income to poverty rate, smoking, hypercholesterolemia, diabetes, cardiovascular disease, stroke, lung disease, ailing
kidneys.

Cl, confidence interval; HR, hazard ratio; Ref, reference. *, p<0.05, **, p<0.01, ***, p<0.001.
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Number <ltimes/  1-3times/ 1-2times/ 3-6times/  >1times/
month month week week day
Hypercholesterolemia 0.843
No 1273 Ref 075(0.55,103)  093(066,131) | 0.60(0.41,089)  0.91(0:50, 1.68)
Yes 1,207 Ref 084(0.62,112)  077(056,107) | 056(0.38,083)  0.95(0.60,152)
Diabetes 0913
No 1968 Ref 076(0.59,097)  083(063,1.09) | 058(0.42,081) 099 (0.63,1.58)
Yes 512 Ref 0.94(0.62,143)  095(059,151) | 059(036,095)  0.96(0.52,1.79)
Cardiovascular Disease 0797
No 1972 Ref 078(0.59,102) 080 (060,108) | 058(0.42,082) 106 (0.67,1.67)
Yes 508 Ref 084(0.59,119)  100(068,145) | 056(036,089)  0.81(0.43,153)
Stroke 0242
No 2264 Ref 078(062,099) | 0.78(0.60,101) | 0.60(045,080)  1.12(075,1.67)
Yes 216 Ref 0.88(0.53,146)  135(078,234) | 046(020,105)  0.73(0.27,1.96)
Lung Disease 0.180
No 1969 Ref 079(062,101) | 0.87(067,114)  056(041,077)  0.83(055,125)
Yes 511 Ref 086(056,133) | 0.84(053,134) | 0.71(040,127)  3.46(1.38,8.67)
Liver Condition 0.465
No 2380 Ref 0.82(0.66,101)  087(068,1.10) | 0.61(0.46,080)  0.93(0.63, 1.36)
Yes 100 Ref 201(042,956) | 110(022,557)  0.62(0.06,645) 479 (0.45,50.84)
Failing Kidneys 0920
No 2348 Ref 0.81(0.65,102) 086 (068,1.10) | 0.61(0.46,080)  1.02(0.70, 1.51)
Yes 132 Ref 0.65(031,135)  064(028,145) | 044(0.12,154)  0.61(0.17,2.20)

Adjusted for gender, age, race, education level, atio of family income to poverty rate, smoking, hypercholesterolemia, diabetes, cardiovascular disease, stroke, lung disease,
except the subgroup variable. HR, hazard ratio; CI, confidence interval; P inter, P interaction; Ref, reference.
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