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Abstract

Increased fruit and vegetable intake lowers blood pressure in short-term interventional studies. 

However, data on the association of long-term intake of fruits and vegetables with hypertension 

risk are scarce.

We prospectively examined the independent association of whole fruit (excluding juices) and 

vegetable intake, as well as the change in consumption of whole fruits and vegetables, with 

incident hypertension in three large longitudinal cohort studies: Nurses’ Health Study (n=62,175), 

Nurses’ Health Study II (n=88,475), and Health Professionals Follow-up Study (n =36,803). We 

calculated hazard ratios and 95% confidence intervals for fruit and vegetable consumption while 

controlling for hypertension risk factors. Compared with participants whose consumption was 

≤4servings/week, the pooled hazard ratios among those whose intake was ≥4servings/day were 

0.92(0.87–0.97) for total whole fruit intake and 0.95(0.86–1.04) for total vegetable intake. 

Similarly, compared with participants who did not increase their fruit or vegetable consumption, 

the pooled hazard ratios for those whose intake increased by ≥7servings/week were 0.94(0.90–

0.97) for total whole fruit intake and 0.98(0.94–1.01) for total vegetable. Analyses of individual 

fruits and vegetables yielded different results. Consumption levels of ≥4servings/per week (as 

opposed to <1serving/month) of broccoli, carrots, tofu or soybeans, raisins and apples was 

associated with lower hypertension risk.

In conclusion, our results suggest that greater long-term intake and increased consumption of 

whole fruits may reduce the risk of developing hypertension.
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Introduction

Hypertension, a major risk factor for cardiovascular and renal diseases, continues to 

represent a growing public health concern nationwide and worldwide. It is estimated that 

41% of adult Americans will have a diagnosis of hypertension by the year 2030 1,2. The 

Dietary Approach to Stopping Hypertension (DASH) diet emphasizes the importance of 

increasing fruit and vegetable consumption while decreasing the intake of red meat3. Also, 

in a 6-month interventional trial, participants who were educated to increase their fruit and 

vegetable consumption had a 4mmHg average drop in their systolic blood pressure (BP) 

when compared with the control group4.

Several prospective studies assessed the long-term intake of fruits and vegetables with 

hypertension risk 5–10. However, these studies differ in their design, dietary assessment, and 

length of follow-up. Only one study analyzed individual fruits9, but to our knowledge, 

individual vegetables have not been studied prospectively. We therefore examined the 

associations of individual fruit and vegetable intake with the risk of developing hypertension 

in three large prospective cohort studies consisting of 187,453 participants with more than 

20 years of follow-up.

Methods

Study Population

Participants consisted of the Nurses’ Health Study (NHS, N=121,700 women, aged 30–55 in 

1976), the Nurses’ Health Study II (NHS II, N=116,430 women, aged 25–42 in 1989), and 

the Health Professionals Follow-up Study (HPFS, N =51,529 men, aged 40–75 in 1986). 

Participants returned a questionnaire every two years reporting a diagnosis of hypertension 

by a health-care provider. Participants also answered semi-quantitative food frequency 

questionnaires (FFQs) every four years, reporting intake of more than 130 foods and 

beverages. Reproducibility and validity of these FFQs were described in previous work 11,12. 

Participants who reported a diagnosis of hypertension at the baseline questionnaire were 

excluded from the analysis (1984 in NHS, 1991 in NHS II, and 1986 in HPFS). The 

resulting study population consisted of 62,175 women from NHS, 88,475 women from NHS 

II, and 36,803 men from HPFS. To analyze the change in fruit and vegetable consumption, 

we set two 8-year hypothetical intervention periods with subsequent 8-year follow-up 

periods in 1986 and 1994 for NHS and HPFS and in 1991 and 1999 for NHSII. Participants 

with a diagnosis of hypertension at or before 1994 for NHS and HPFS and 1999 for NHS II 

were excluded from our analysis. The resulting study population for this analysis of long-

term change in intake was 123,059 participants (39,164 in NHS, 63,885 in NHS II and 

20,010 in HPFS).The Institutional Review Board of Brigham and Women’s Hospital 

approved the study. By virtue of voluntarily returning their questionnaires, participants 

provided implied consent. All procedures followed were in accordance with institutional 

guidelines.
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Assessment of Hypertension

Hypertension was self-reported on the baseline and biennial questionnaires. This method of 

reporting a diagnosis of hypertension was shown to be valid in the three cohorts 13–15. In 

NHS, for example, 77% of 51 cases of self-reported hypertension had a blood pressure 

>160/95mmHg13.

A participant was considered to have prevalent hypertension if she or he reported this 

diagnosis on any questionnaire up to and including the 1984 (NHS), 1991 (NHS II), or 1986 

(HPFS) questionnaire. Participants were determined to be cases if they reported a diagnosis 

of hypertension on subsequent questionnaires, with a date of diagnosis that was after the 

date of the baseline questionnaire.

Assessment of Fruits and Vegetables Intake

A detailed dietary questionnaire was sent in 1984, 1986, and every four years thereafter. 

Similar FFQs were mailed every four years beginning in 1991 and 1986 for NHS II and 

HPFS, respectively. Participants answered how often, on average, they consumed a specific 

food; nine different response categories could be selected, ranging from “never or <1serving/

month” to “≥6/day”. Multiple questions on the FFQ ascertained whole fruits: raisins (1oz.)/

grapes (½cup), fresh apples/pears (1), bananas (1), strawberries (½cup), blueberries (½cup), 

prunes (½cup), avocado (½fruit), cantaloupe (1/4melon), oranges (1) and peaches/apricots/

plums (1 or ½cup canned). As for juices, we analyzed apple juice, orange juice, and other 

fruit juices (small glass). Vegetables consisted of raw and cooked spinach (½cup), kale 

(½cup), lettuce (per serving), broccoli (½cup), cauliflower (½cup), brussel sprouts (½cup), 

cabbage/cole slaw (½ cup), raw carrot (½carrot or 2–4 sticks) and/or cooked carrot (½cup), 

string beans (½cup), beans or lentils (½cup), peas/lima beans (½cup), corn (1 ear or ½cup), 

yams/sweet potatoes (½cup), eggplant/zucchini (½cup), celery (4″stick), green peppers (3 

slices), tomatoes (1), and onions (1). The reproducibility and validity of the FFQ were 

evaluated in the three cohorts. As examples, the deattenuated correlation coefficients 

between FFQs and a seven-day dietary records in 173 women from NHS were 0.74 for 

apples and bananas and 0.53 for cabbage 16. In the HPFS, a similar validation study was 

conducted; deattenuated Pearson correlation coefficients were 0.38 for tomatoes and 0.67 for 

all fruits 17.

Assessment of Covariates

On biennial questionnaires, participants reported updated information about weight, 

smoking status, body mass index (BMI) and physical activity (estimated as metabolic 

equivalent tasks [METs]). The FFQs were also used to ascertain participants’ consumption 

of alcohol, whole grains, animal flesh (red and processed meat, poultry, and fish), and 

others. These covariates have been validated with questionnaire-derived information 

(correlation coefficients of 0.97 for weight and 0.79 for physical activity)18,19.

Statistical Methods

To decrease within-person variation, we used a cumulative average of an individual’s fruit 

and vegetable intake beginning with the baseline FFQ and including subsequent FFQs 

through the censoring event. Person-time of follow-up was calculated from the date of return 
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of the baseline questionnaire to the date of hypertension diagnosis, the date of death, or the 

end of follow-up, whichever came first.

Total whole fruits and total vegetables were grouped into 5 categories from “≤4 servings/

month” (reference group) to “≥4 servings/day”. Individual fruits and vegetables were 

grouped into 4 categories, from “≤1 serving/month” (reference group) to “4–6 servings/

week”. Participants’ fruit and vegetable intake was summed to create a new, combined 

variable of total whole fruits plus total vegetables; this variable was categorized into 4 

categories, from “≤1 serving/day” (reference group) to “≥6 servings/day”.

For the change in consumption of total whole fruits and total vegetables, we calculated 8-

year change in dietary intake by subtracting median value of initial intake level assessed 8 

years prior to baseline survey from the median value of intake at baseline (for these 

analyses, “baseline” refers to 1994 in NHS and HPFS, and 1999 in NHS II). The 8-year 

change in consumption was divided into 7 categories ranging from a ≥7 servings/week 

decrease in intake to a ≥7 servings/week increase in intake (with “no change (±0.9 serving/

week)” as the reference group).

We used Cox proportional hazards regression to calculate the hazard ratios (HRs) and 95% 

confidence intervals for incident hypertension. HRs were adjusted for potential confounders: 

age; BMI; change in weight; race/ethnicity; family history of hypertension; smoking status; 

physical activity (METs per week); post-menopausal; oral contraceptive use (in NHS II); 

non-narcotic analgesic; total energy intake; and intakes of alcohol, animal flesh (in 5 

categories), whole grains, and sugar-sweetened and artificially-sweetened beverage. 

Adjusted multivariables HRs for the three cohorts were pooled using fixed effects meta-

analysis.

We then created continuous variables to analyze the multivariable HRs per additional 

serving per day of total whole fruit, total vegetable and total fruit and vegetable 

consumption.

A variety of secondary analyses were also performed. First, we added intake of 

micronutrients (potassium, calcium, magnesium, sodium, and fiber) to our multivariable 

models. Second, we removed weight change from our models since this could be a causal 

intermediate. Third, we investigated whether the associations varied significantly according 

to age and BMI by creating stratified models and introducing multiplicative interaction 

terms to our unstratified multivariable models. Finally, we repeated our analyses using 

simple updating instead of cumulative averaging. All analyses were performed with SAS 

software (version 9.4; SAS Institute Inc, Cary, NC). All P values are two-sided.

Results

Association of fruits and vegetables with incident hypertension

Among 187,453 participants free from hypertension at the baseline questionnaire, 77,373 

participants were diagnosed with hypertension in 2,939,124 person-years of follow-up 
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(35,375 cases/1,034,421 person-years in NHS, 25,246/1,344,475 in NHS II, and 16,752 /

560,228 in HPFS).

Supplementary Table S1 reports the baseline characteristics of participants in the three 

cohorts for different intake categories of total whole fruits and total vegetables. In all three 

cohorts, those with higher intakes of fruits and vegetables were older, more physically 

activity, had a higher daily caloric intake and were less likely to be current smokers.

Participants who consumed ≥4servings/day of total whole fruits and total vegetables, as 

compared with ≤4servings/week, had multivariable pooled HRs for incident hypertension of 

0.92(95% CI: 0.87–0.97) and 0.95(0.86–1.04), respectively (Table 1). When fruits and 

vegetables were combined into one intake category, higher consumption (≥6servings/day) 

was associated with a lower risk of developing hypertension (HR=0.89[0.86–0.93]) when 

compared to ≤1serving/day.

Table 2 reports the pooled HRs for most individual fruits and vegetables and the risk of 

incident hypertension (complete tables in Supplementary Table S2 and S3). Higher intakes 

of raisins/grapes and apples/pears, when consumed ≥4servings/week, were associated with a 

decreased risk of hypertension; multivariable pooled HRs were 0.92(0.89–0.96) and 

0.91(0.88–0.95), respectively. Blueberries and avocados were also associated with a 

significant trend towards a lower risk of hypertension; HRs were 0.92(0.83–1.03; p-

trend=0.01) and 0.94(0.77–1.14; p-trend<0.001), respectively. In contrast to these fruits, 

higher cantaloupe intake was associated with an increased risk of hypertension (HR = 

1.07[1.01–1.13]).

Broccoli, carrots, and tofu/soybeans were associated with a decreased risk of incident 

hypertension when consumed ≥4servings/week as compared with <1serving/month, with 

multivariable pooled HRs of 0.94(0.90–0.99), 0.95(0.91–0.99) and 0.88(0.79–0.99), 

respectively (Table 2). In contrast, eating more string beans and brussel sprouts was 

associated with an increased risk of hypertension with pooled HRs of 1.11(1.05–1.17) and 

1.23(1.04–1.46), respectively. In addition, higher consumption of both corn and cauliflower 

were associated with an increased trend towards a higher risk of hypertension with 

multivariable pooled HRs of 1.05(0.98–1.12; p-trend<0.004) and 1.06(0.99–1.14; p-

trend<0.001), respectively.

Furthermore, in a separate analysis, there was no association between fruit juices and 

hypertension (data not shown).

When continuous variables were used, every one additional serving per day of total whole 

fruit was associated with a lower risk of hypertension, (HR= 0.97[0.96–0.98]).

Association of 8-year change of fruits and vegetables consumption with subsequent 
hypertension risk

In our analyses of 8-year change in intake with the subsequent development of hypertension, 

we defined a new “baseline” year of 1994 (for NHS and HPFS) and 1999 (for NHS II) to 

permit the calculation of change in consumption before baseline. After excluding 

participants who reported a diagnosis of hypertension at baseline, 44,032 participants were 
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diagnosed with hypertension in 1,517,157 person-years of follow-up (20,147 cases in 

566,278 person-years in NHS, 15,972/683,702 in NHS II and 8,183/267,177 in HPFS). 

Increasing total whole fruit consumption by ≥7servings/week in the preceding 8 years was 

associated with a lower risk of hypertension with a pooled HR 0.94(0.90–0.97; 

Supplementary Table S4, please see http://hyper.ahajournals.org) during the subsequent 5 

years, whereas there was no association with incident hypertension when participants 

increased their total vegetable consumption (HR=0.98[0.94–1.01]). Associations between 

change in the consumption level of individual fruits and vegetables with incident 

hypertension were generally similar to those associations observed with long-term intake 

(Supplementary Tables S5, please see http://hyper.ahajournals.org)).

Overall, our secondary analyses had no substantial impact on the findings. Adjusting for 

potassium and other micronutrients (including calcium, magnesium, sodium and fiber) did 

not materially change the results. We also examined more extreme categories of total fruit 

and vegetable consumption and the results were mostly unchanged. There were no 

consistent interactions between fruit and vegetable intake and either age or BMI with 

hypertension risk. Removing weight change from our models did not change our findings. 

We also found similar results when the analyses were repeated with simple updating of 

dietary intake (rather than cumulative averaging).

Discussion

In three prospective cohort studies of US women and men, long-term intake of total whole 

fruit was associated with a decreased risk of developing hypertension, whereas total 

vegetable intake was not. The association of whole fruit intake with hypertension incidence 

was independent of other known and potential risk factors for hypertension. Some 

vegetables (ie, broccoli, carrots, tofu) and some fruits (ie, raisins or grapes and apples or 

pears) were associated with a lower risk of hypertension, whereas some vegetables (ie, string 

beans, Brussels sprouts) and cantaloupe were associated with an increased risk of 

developing hypertension. To our knowledge, our study is the first to prospectively analyze 

individual vegetables, and has the longest follow-up period of any study of diet and 

hypertension.

Our finding that total whole fruit but not total vegetable intake is associated with a lower risk 

of developing hypertension is consistent with some earlier studies. The largest prior 

experience comes from the Women’s Health Study, a prospective cohort of 28,082 female 

US health professionals with baseline semi-quantitative FFQ and 12.9 years of follow-up 5. 

Those participants who consumed more dark-yellow vegetables had a lower adjusted risk of 

incident hypertension (HR = 0.88; 95 CI 0.82–0.95), while similar comparisons for 

cruciferous vegetables (such as brussel sprouts) yielded an increased risk of hypertension 

(HR = 1.14; 1.06–1.23) 5. Also similar to our study, greater intake of apples and raisins were 

associated with lower risks of developing hypertension, with HRs of 0.91(0.85–0.99) and 

0.90(0.85–0.96), respectively 5.

Other studies are considerably smaller or are cross-sectional. In the OHASAMA study, for 

example, 745 non-hypertensive women and men aged ≥35 years were followed for 4 years 
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[8]. Participants in the highest compared with lowest quintile of fruit intake had a lower 

adjusted hypertension risk (odds ratio=0.40; 0.21–0.74, p-trend=0.03)6. The mechanisms by 

which fruits and vegetables may be associated with hypertension are probably multiple. One 

hypothesis pertains to the high flavonoid content of several fruits and vegetables, such as 

berries, apples, broccoli and others20. In a prospective study of the NHS I, NHS II and the 

HPFS, participants in the highest quintile intake of anthocyanins (mostly from blueberries 

and strawberries) had an 8% lower risk of hypertension21. Also, in a randomized controlled 

trial of men at risk for cardiovascular disease, a diet rich with high-flavonoid fruits and 

vegetables increased endothelium-dependent microvascular reactivity and plasma nitric 

oxide (NO), as well as decreased C-reactive protein and E-selectin22. Furthermore, grape 

polyphenols were found to potentiate vasorelaxation and decrease BP as well as endothelial 

dysfunction markers in a small, placebo-controlled, double-blind study of 24 men with 

metabolic syndrome23. Endothelial dysfunction, inflammation and oxidative stress are 

potential important factors in the development of hypertension24–26. Also, quercetin, a 

flavonoid found in apples, was found to decrease systolic BP by 3 mmHg (P<0.01) when 

compared with placebo in a double-blind cross-over trial27. Similarly, soy isoflavones were 

found to decrease BP in a meta-analysis of randomized controlled trials28.

As with the Women’s Health Initiative study5, we found a variable association of cruciferous 

vegetables with hypertension. Although broccoli was associated with a lower risk of 

hypertension, brussel sprouts seemed to increase hypertension risk when consumed ≥4 

servings/week. In a recent meta-analysis of fruit and vegetable intake and the incidence of 

pancreatic cancer in 14 cohort studies, brussel sprouts were associated with an increased risk 

of pancreatic cancer; this association could be related to the use of pesticides or its 

carcinogenic abilities29. However, this association was not seen with broccoli, cauliflower or 

cabbage.

Another possible explanation for these differences is the cooking methods utilized when 

eating vegetables. While broccoli is commonly eaten steamed or raw, brussel sprouts (and 

string beans) are usually roasted, fried, or baked, and mixed with seasonings. However, 

additionally adjusting for total fats and micronutrients (including sodium) in our analyses 

did not materially alter our findings (data not shown). The effect of different cooking 

methods on flavonoids, other phenolic compounds, and the total antioxidant capacity of 

vegetables in the Brassica corps group is controversial30. In one study, for example, 

microwave cooking decreased broccoli’s flavonoid content by 97%31. In another study, 

however, precooking and/or cooking methods did not alter the antioxidant capacities of 

broccoli32.

There are several limitations to our study. First, the diagnosis of hypertension was self-

reported and participants’ BPs were not directly measured. However, all participants are 

health professionals and this method of hypertension diagnosis in these cohorts has been 

validated in multiple studies14–16. Second, our participants were mostly non-hispanic white 

men and women and this analysis should be replicated in other populations. Third, the FFQ 

is an imperfect tool for assessing food intake, and therefore random misclassification of fruit 

and vegetable consumption may have occurred; this random error was likely to have been 

amplified in our analyses of change in intake over time. Yet this type of error would have the 
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effect of moving our hazard ratios toward the null (ie, toward finding no associations). Thus, 

it is possible that the associations we report are underestimates of the true relationships. 

Fourth, the associations that we found were modest; however, even these modest 

associations, if considered at the population level, could have important public health 

ramifications. Finally, as in any observational study, we cannot exclude the possibility that 

our findings are the result of residual confounding. Food preferences could also result in 

residual confounding.

However, we controlled for multiple known and potential risk factors for the development of 

hypertension in a prospective fashion.

In conclusion, we found a prospective, independent association between higher whole fruit 

intake, as well as a longitudinal increase in fruit intake, and a decreased risk of incident 

hypertension. No such association was noted with higher vegetable intake. While our study 

supports the hypothesis that specific fruits and vegetables may have important effects on 

blood pressure, these findings should be confirmed by randomized trials. Several unexpected 

results in this study, including disparate relations with different vegetables, merit further 

investigation.

Perspectives

In summary, our observed findings continue to stress on the importance of dietary intake on 

diseases, especially cardiovascular diseases. Given the increasing prevalence of hypertension 

in the United States and around the world, these data have important public health 

implications. Future studies are needed to assess the potential mechanisms underlying these 

associations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Contributors: Borgi, Muraki, Rimm and Forman contributed to the conception and design of the study. All authors 
were involved in the analysis and interpretation of the data. Borgi and Muraki designed and conducted the statistical 
analysis. Borgi and Muraki worked on the drafting of the manuscript, which was thoroughly reviewed and approved 
by all authors.

Funding: this study was funded by research grants P01 CA87969, UM1 CA176726 and UM1 CA167552. Dr. 
Borgi was funded by an American Heart Association fellowship award (14POST20380070).1

References

1. Go AS, Mozaffarian D, Roger VL, et al. Heart disease and stroke statistics--2014 update: a report 
from the American Heart Association. Circulation. 2014; 129:e28–e292. [PubMed: 24352519] 

2. Li C, Balluz LS, Ford ES, Okoro CA, Zhao G, Pierannunzi C. A comparison of prevalence estimates 
for selected health indicators and chronic diseases or conditions from the Behavioral Risk Factor 

1Conflict of Interest Disclosures: None reported.

Borgi et al. Page 8

Hypertension. Author manuscript; available in PMC 2017 March 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Surveillance System, the National Health Interview Survey, and the National Health and Nutrition 
Examination Survey, 2007–2008. Prev Med. 2012; 54:381–387. [PubMed: 22521996] 

3. Sacks FM, Appel LJ, Moore TJ, Obarzanek E, Vollmer WM, Svetkey LP, Bray GA, Vogt TM, 
Cutler JA, Windhauser MM, Lin PH, Karanja N. A dietary approach to prevent hypertension: a 
review of the Dietary Approaches to Stop Hypertension (DASH) Study. Clin Cardiol. 1999; 54:381–
387.

4. John JH, Ziebland S, Yudkin P, Roe LS, Neil HA. Effects of fruit and vegetable consumption on 
plasma antioxidant concentrations and blood pressure: a randomised controlled trial. Lancet. 2002; 
359:1969–1974. [PubMed: 12076551] 

5. Wang L, Manson JE, Gaziano JM, Buring JE, Sesso HD. Fruit and vegetable intake and the risk of 
hypertension in middle-aged and older women. Am J Hypertens. 2012; 25:180–189. [PubMed: 
21993367] 

6. Tsubota-Utsugi M, Ohkubo T, Kikuya M, Metoki H, Suzuki K, Fukushima N, Hara A, Asayama K, 
Satoh H, Tsubono Y, Imai Y. High fruit intake is associated with a lower risk of future hypertension 
determined by home blood pressure measurement: the OHASAMA study. J Hum Hypertens. 2011; 
25:164–171. [PubMed: 20445569] 

7. Miura K. Relation of Vegetable, Fruit, and Meat Intake to 7-Year Blood Pressure Change in Middle-
aged Men: The Chicago Western Electric Study. Am J Epidemiol. 2004; 159:572–580. [PubMed: 
15003961] 

8. Nunez-Cordoba JM, Alonso A, Beunza JJ, Palma S, Gomez-Gracia E, Martinez-Gonzalez MA. Role 
of vegetables and fruits in Mediterranean diets to prevent hypertension. Eur J Clin Nutr. 2009; 
63:605–612. [PubMed: 18301434] 

9. Steffen LM, Kroenke CH, Yu X, Pereira MA, Slattery ML, Van Horn L, Gross MD, Jacobs DR Jr. 
Associations of plant food, dairy product, and meat intakes with 15-y incidence of elevated blood 
pressure in young black and white adults: the Coronary Artery Risk Development in Young Adults 
(CARDIA) Study. Am J Clin Nut. 2005; 82:1169–1177.

10. Ascherio A, Hennekens C, Willett WC, Sacks F, Rosner B, Manson J, Witteman J, Stampfer MJ. 
Prospective study of nutritional factors, blood pressure, and hypertension among US women. 
Hypertension. 1996; 27:1065–1072. [PubMed: 8621198] 

11. Willett WC, Sampson L, Stampfer MJ, Rosner B, Bain C, Witschi J, Hennekens CH, Speizer FE. 
Reproducibility and validity of a semiquantitative food frequency questionnaire. Am J Epidemiol. 
1985; 122:51–65. [PubMed: 4014201] 

12. Rimm EB, Giovannucci EL, Stampfer MJ, Colditz GA, Litin LB, Willett WC. Reproducibility and 
validity of an expanded self-administered semiquantitative food frequency questionnaire among 
male health professionals. Am J Epidemiol. 1992; 135:1114–1126. [PubMed: 1632423] 

13. Colditz GA, Martin P, Stampfer MJ, Willett Wc, Sampson L, Rosner B, Hennekens CH, Speizer 
FE. Validation of questionnaire information on risk factors and disease outcomes in a prospective 
cohort study of women. Am J Epidemiol. 1986; 123:894–900. [PubMed: 3962971] 

14. Ascherio A, Rimm EB, Giovannucci EL, Colditz GA, Rosner B, Willett WC, Sacks F, Stampfer 
MJ. A prospective study of nutritional factors and hypertension among US men. Circulation. 1992; 
86:1475–1484. [PubMed: 1330360] 

15. Forman JP, Curhan GC, Taylor EN. Plasma 25-hydroxyvitamin D levels and risk of incident 
hypertension among young women. Hypertension. 2008; 52:828–832. [PubMed: 18838623] 

16. Salvini S, Hunter DJ, Sampson L, Stampfer MJ, Colditz GA, Rosner B, Willett WC. Food-based 
validation of a dietary questionnaire: the effects of week-to-week variation in food consumption. 
Int J Epidemiol. 1989; 18:858–867. [PubMed: 2621022] 

17. Hu FB, Rimm E, Smith-Warner SA, Feskanich D, Stampfer MJ, Ascherio A, Sampson L, Willett 
WC. Reproducibility and validity of dietary patterns assessed with a food-frequency questionnaire. 
Am J Clin Nutr. 1999; 69:243–249. [PubMed: 9989687] 

18. Rimm EB, Stampfer MJ, Colditz GA, Chute CG, Litin LB, Willett WC. Validity of self-reported 
waist and hip circumferences in men and women. Epidemiology. 1990; 1:466–473. [PubMed: 
2090285] 

Borgi et al. Page 9

Hypertension. Author manuscript; available in PMC 2017 March 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



19. Wolf AM, Hunter DJ, Colditz GA, Manson JE, Stampfer MJ, Corsano KA, Rosner B, Kriska A, 
Willett WC. Reproducibility and validity of a self-administered physical activity questionnaire. Int 
J Epidemiol. 1994; 23:991–999. [PubMed: 7860180] 

20. Rice-Evans, CAPL. Flavonoids in health and disease. 2. New York, NY: Marcel Dekker; 2003. 

21. Cassidy A, O’Reilly EJ, Kay C, Sampson L, Franz M, Forman JP, Curhan G, Rimm EB. Habitual 
intake of flavonoid subclasses and incident hypertension in adults. Am J Clin Nutr. 2011; 93:338–
347. [PubMed: 21106916] 

22. Macready AL, George TW, Chong MF, Alimbetov DS, Jin Y, Vidal A, Spencer JP, Kennedy OB, 
Tuohy KM, Minihane AM, Gordon MH, Lovegrove JA. FLAVURS Study Group. Flavonoid-rich 
fruit and vegetables improve microvascular reactivity and inflammatory status in men at risk of 
cardiovascular disease--FLAVURS: a randomized controlled trial. Am J Clin Nutr. 2014; 99:479–
489. [PubMed: 24452238] 

23. Barona J, Aristizabal JC, Blesso CN, Volek JS, Fernandez ML. Grape polyphenols reduce blood 
pressure and increase flow-mediated vasodilation in men with metabolic syndrome. J Nut. 2012; 
142:1626–1632.

24. Landmesser U, Drexler H. Endothelial function and hypertension. Curr Opin Cardiol. 2007; 
22:316–320. [PubMed: 17556884] 

25. Paravicini TM, Touyz RM. NADPH oxidases, reactive oxygen species, and hypertension: clinical 
implications and therapeutic possibilities. Diabetes Care. 2008; 31(Suppl 2):S170–180. [PubMed: 
18227481] 

26. Rodriguez-Iturbe B, Pons H, Quiroz Y, Johnson RJ. The immunological basis of hypertension. Am 
J Hypertens. 2014; 27:1327–1337. [PubMed: 25150828] 

27. Egert S, Bosy-Westphal A, Seiberl J, Kürbitz C, Settler U, Plachta-Danielzik S, Wagner AE, Frank 
J, Schrezenmeir J, Rimbach G, Wolffram S, Müller MJ. Quercetin reduces systolic blood pressure 
and plasma oxidised low-density lipoprotein concentrations in overweight subjects with a high-
cardiovascular disease risk phenotype: a double-blinded, placebo-controlled cross-over study. Br J 
Nutr. 2009; 102:1065–1074. [PubMed: 19402938] 

28. Liu XX, Li SH, Chen JZ, Sun K, Wang XJ, Wang XG, Hui RT. Effect of soy isoflavones on blood 
pressure: a meta-analysis of randomized controlled trials. Nutr Metab Cardiovasc Dis. 2012; 
22:463–470. [PubMed: 21310599] 

29. Koushik A, Spiegelman D, Albanes D, et al. Intake of fruits and vegetables and risk of pancreatic 
cancer in a pooled analysis of 14 cohort studies. Am J Epidemiol. 2012

30. Cartea ME, Francisco M, Soengas P, Velasco P. Phenolic compounds in Brassica vegetables. 
Molecules. 2011; 176:373–386.

31. Vallejo FT-BFA, Garcia-Viguera C. Phenolic compound contents in edible parts of broccoli 
inflorescences after domestic cooking. J Sci Food Agric. 2003; 83:1511–1516.

32. Lin CHC, CY. Textural change and antioxidant properties of broccoli under different cooking 
treatments. Food Chem. 2005; 90:9–15.

Borgi et al. Page 10

Hypertension. Author manuscript; available in PMC 2017 March 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Novelty and Significance

1) What Is New?

• First study with more than 20 years of follow-up.

• New findings about individual fruits and vegetables consumption and 

incidence of hypertension.

2) What Is Relevant?

• Not all fruits and vegetables prevent hypertension.

3) Summary

• Not all vegetables are associated with a lower risk of hypertension. We found 

an increased risk of hypertension with an increased consumption of string 

beans, brussel sprouts and cantaloupe.
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