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Abstract: The Dietary Guidelines for Americans 2015–2020 (DGA) provides recommendations
for consuming a specific amount and variety of vegetables, but no studies have assessed the
relationship between DGA-recommended vegetable variety and risk of mortality. We prospectively
assessed the relationship between vegetable amount and variety and the risk of mortality using
nationally-representative survey data (n = 29,133). Hazard ratios were estimated using survey-weighted,
multivariate, Cox-proportional hazards models. Mean follow-up time was 6.5 years (12.8 years maximum).
Total deaths from all causes were 2861, which included 829 deaths from cardiometabolic disease
(556 coronary heart disease, 170 stroke, and 103 diabetes). Compared to individuals who reported
consuming the greatest amount of vegetables daily, those with the least intake had a 78% greater risk of
mortality from all causes (HR: 1.78, 95% CI: 1.29–2.47), a 68% greater risk of death from cardiovascular
disease (1.68, 1.08–2.62), and an 80% greater risk of death from coronary heart disease (1.80, 1.09–2.08).
No relationships were observed between vegetable variety and risk of all-cause or cause-specific mortality.
Greater vegetable amount, but not variety, was associated with a reduced risk of mortality from all causes,
cardiovascular disease, and coronary heart disease. Additional large-scale longitudinal studies with
repeated measures of dietary exposure are needed.
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1. Introduction

Greater vegetable intake is associated with a reduced risk of cardiometabolic disease (CMD) [1–4].
This etiology is largely driven by the bioactive compounds found in vegetables [5], such as carotenoids,
polyphenols, folate, and potassium, which are associated with reduced blood pressure, inhibited
platelet aggregation, improvement of lipoprotein profiles, increased insulin sensitivity, and reduced
oxidant stress and inflammation [6–9]. Increasing vegetable intake may also displace foods with
pro-inflammatory characteristics, such as those high in saturated fat [10].

Yet the health-promoting bioactive compounds found in vegetables are not distributed uniformly
across vegetable subgroups (dark green vegetables, red and orange vegetables, legumes, starchy
vegetables, and other vegetables) [6]. Therefore, the Dietary Guidelines for Americans 2015–2020
(DGA) provides specific recommendations for consuming a variety of vegetables [11], in order to
increase the likelihood that individuals consume adequate amounts of a wide array of health-promoting
bioactive compounds.

Bhupathiraju, et al. reported that the number of distinct fruits and vegetables consumed is
not associated with a reduced risk of incident coronary heart disease (CHD) [12], yet recently,
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we demonstrated that greater DGA-recommended vegetable variety is positively associated with
prevalent CHD [13]. However, to date, no longitudinal studies have evaluated the relationship
between adherence to the DGA vegetable variety recommendations and risk of mortality, to the best
of our knowledge. This represents a critical research gap because clinicians use the DGA to provide
evidence-based dietary guidance for their patients, but it is not known whether these recommendations
are associated with favorable health outcomes.

To address this research gap, we prospectively investigated the relationship between vegetable
amount and DGA-recommended variety and the risk of all-cause and cause-specific cardiometabolic
mortality among a sample of nearly 30 thousand US adults using data from the National Health and
Nutrition Examination Survey (NHANES; 1999–2010) linked to mortality data from the Public-use
Linked Mortality Files (1999–2011).

2. Materials and Methods

2.1. Dietary Data

Data on individual-level demography and health behaviors were acquired from NHANES, cycles
1999–2000, 2001–2002, 2003–2004, 2005–2006, 2007–2008, and 2009–2010 (n = 29,133) [14]. NHANES is a
cross-sectional survey based on multi-stage probability sampling that collects data on health behaviors
and other characteristics from a sample of ~5,000 individuals per year. What We Eat In America
(WWEIA) is the dietary component of NHANES. Trained interviewers administer 24-h dietary recalls to
study participants using United States Department of Agriculture’s (USDA) Automated Multiple Pass
Method [15]. To standardize reported intake amounts across different vegetable types, the MyPyramid
Equivalents Database (MPED) and the Food Patterns Equivalents Database (FPED) provide dietary
data from WWEIA converted to cup-equivalents. Data on daily vegetable intake (including juice) were
acquired from MPED 1.0 (applies to WWEIA 1999–2000 and 2001–2002) and 2.0 (applies to WWEIA
2003–2004); and FPED 2005–2006, 2007–2008, 2009–2010 [16].

2.2. Outcome Ascertainment

Dietary data from WWEIA were linked to mortality data from the Public-use Linked Mortality
Files (1999–2011) [17], which provide a follow-up for our sample through 31 December 2011, the latest
date available. We defined follow-up as the time from WWEIA data collection to death or 31 December
2011 (whichever came first). Deaths were adjudicated by the National Center for Health Statistics
(NCHS) using standardized procedures. NCHS staff screen respondents from WWEIA for identifying
information such as social security number, name, date of birth, and state of residence, and use
probabilistic matching methods to link these respondents to records in the National Death Index
(NDI) [18]. The NDI is a database of all US deaths catalogued since 1979, and captures nearly all
deaths (~97%) when social security numbers are available, which is the case for all eligible WWEIA
respondents linked to the NDI [19,20].

Mortality data were collected for all causes, CHD (International Classification of Disease 10th
revision codes I00–I09, I11, I13, I20–I51), stroke (I60–I69), and diabetes (E10–E14). Primary outcomes
were deaths from all causes, cardiometabolic disease (CMD; sum of deaths from CHD, stroke,
and diabetes), and cardiovascular disease (CVD; sum of deaths from CHD and stroke). Deaths from
stroke and diabetes were evaluated independently, but were not included in the final analyses because
of small sample sizes and unreliable variance estimates.

2.3. Measuring Vegetable Variety

Vegetable variety was measured using an index developed to measure adherence to the
DGA-2015 recommendations for daily vegetable variety [13]. The index measures the variety of
vegetable intake independent of amount, and penalizes the consumption of vegetable subgroups
(dark green vegetables, red and orange vegetables, legumes, starchy vegetables, and other vegetables)
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that do not align with recommended intake proportions in the DGA 2015–2020 [13]. The index
contains two parts. The first part, the Berry Index, assesses the proportionality of vegetable subgroups
that individuals report consumed. The consumption targets of DGA 2015–2020 are in weekly units
(i.e., cup-equivalents per week), so to be consistent with how WWEIA data are measured, these
were converted to daily units. The minimum score (0) represents zero vegetable intake and the
maximum score (0.8) represents equal proportions of all vegetable subgroups. The Berry Index can be
calculated by

Berry Index =
(

1 − ∑ o2
i

)
(1)

where oi is the observed proportion of each vegetable subgroup. The second part of the vegetable
variety index, the Health Value [21], gives greater weighting to vegetable subgroups that are
recommended in greater proportions. The minimum score (0) represents zero vegetable intake, and the
maximum score (1) represents the consumption of only the subgroups with the greatest weights.
The Health Value can be calculated by

Health Value =
(

∑ ri × oi
omax

)
(2)

where ri is the recommended proportion of each vegetable subgroup and omax is the maximum
observed proportion out of all vegetable subgroups. Finally, the vegetable variety index is calculated
by multiplying the Berry Index by the Health Value, which affirms that higher scores are attained by
(1) the consumption of a greater number of vegetable subgroups, and (2) a greater consumption of
subgroups that have greater recommended consumption amounts. Index scores range from 0.0 to 0.64.

2.4. Statistical Analyses

Vegetable variety score and energy-adjusted total vegetable intake were initially categorized into
amount/score quintiles. However, preliminary analyses indicated that different quintiles had similar
survival curves, and individuals with zero intake had a unique survival curve. Therefore, for each
main exposure variable (vegetable amount and variety), respondents were categorized into three
groups: zero intake amount/score, <median intake amount/score, and ≥median intake amount/score
(median amount = 1.59 cup-equivalents; median variety score = 0.38). The effects of vegetable amount
and variety on the risk of all-cause and cause-specific mortality were estimated using Cox proportional
hazards models, which is the most appropriate statistical method to use when assessing time-to-event
data, especially when censoring is involved [22]. Time at risk occurred from the date of WWEIA survey
administration until death or censoring on December 31st, 2011. The proportional hazards assumption
was verified graphically and by an analysis of Schoenfeld residuals.

Respondents with prevalent cardiometabolic disease during baseline assessments were excluded
from cause-specific analyses. All models initially included covariates for age, sex, body mass
index (BMI (kg/m2)), race/ethnicity (non-Hispanic white, non-Hispanic black, Mexican-American),
education (<high school, high school or equivalent, some college, college graduate), income-to-poverty
ratio (<0.75, 0.75–1.24, 1.25–1.99, 2.0–3.99, ≥4.00), smoking status (not current, current, unknown),
cardiometabolic medication use (yes, no), intake of fatty acids (unsaturated:saturated), and intake of
added sugar. Intake of fatty acids and added sugar were energy-adjusted to 2,200 kcal/day using the
residual method [23]. To develop a parsimonious final model, non-significant (p > 0.05) covariates
were iteratively removed. Due to the multiple comparisons in each outcome category, a Bonferroni
correction factor was applied, resulting in an a priori conservative significance level set at p < 0.025.

Stata 15 (StataCorp, College Station, TX, USA) was used for data management, and SAS 9.4 (SAS
Institute, Cary, NC, USA) was used for analysis. All analyses accounted for the complex sampling
design and sample weights of WWEIA data.
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3. Results

The mean age of respondents was 46 years, and approximately half (52%) were female.
Most respondents were non-Hispanic white (79%) and approximately half (55%) completed at least
some college. Approximately two-thirds had an income-to-poverty ratio of at least 2.0 (66%) and a BMI
of at least 25 (68%). Just over half (52%) of respondents did not report current smoking status, but of
those who did, a similar proportion reported not currently smoking (25%) and currently smoking
(24%). Over two-thirds (70%) of respondents reported not being currently prescribed cardiometabolic
medication (Table 1).

Table 1. Characteristics of study population.

Characteristic n 1 Percent (95% CI) 2

No. of deaths
All-cause 2861 100.0
Coronary heart 556 19.4
Stroke 170 5.9
Diabetes 103 3.6
Cardiovascular 726 25.4
Cardiometabolic 829 29.0

Age (year) 29,133 46.3 (45.8–46.7)

Sex 29,133
Women 52.2 (51.6–52.8)
Men 47.8 (47.2–48.4)

Race/ethnicity 26,034
Non-Hispanic white 79.1 (76.9–81.2)
Non-Hispanic black 12.3 (10.9–14.0)
Mexican-American 8.5 (7.2–10.1)

Education 29,088
Less than high school 19.4 (18.4–20.5)
High school or equivalent 25.3 (24.2–26.3)
Some college 30.2 (29.3–31.0)
College graduate 25.2 (23.6-26.8)

Income-to-poverty ratio 26,770
<0.75 8.5 (7.9–9.2)
0.75–1.24 11.3 (10.4–12.2)
1.25–1.99 14.5 (13.7–15.3)
2.00–3.99 29.5 (28.4–30.6)
4.00+ 36.2 (34.4–38.0)

BMI (kg/m2) 28,864
>18.5 1.6 (1.4–1.9)
18.5–24.9 30.5 (29.5–31.5)
25 to <30 52.6 (51.7–53.5)
≥30 15.2 (14.5–16.0)

Current smoker 29,133
No 24.7 (23.8–25.6)
Yes 23.8 (22.8–24.7)
Missing 51.6 (50.3–52.9)

Currently prescribed cardiometabolic medication 29,133
No 70.1 (69.0–71.3)
Yes 29.9 (28.7–31.0)

BMI, body mass index. 1 Sample sizes are unweighted. 2 Percentages within each column adjusted for survey weight.

Over a mean of 6.5 years of follow-up (12.8 years maximum), 2861 deaths were observed from all
causes, including 829 deaths from CMD (556 CVD, 170 stroke, and 103 diabetes (Table 1)).

Approximately 5% of individuals (n = 1393) reported zero vegetable consumption (least amount
group; Table 2). Those in the intermediate intake group (n = 13,870) reported a mean intake of
0.89 cup-eq./day (95% CI: 0.88–0.89 cup-eq./day), and those in the greatest intake group reported a
mean intake of 2.90 cup-eq./day (2.86–2.93 cup-eq./day).
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Table 2. Daily vegetable amount and variety among US adults, 1999–2010.

Vegetable Amount/Variety
Mean (95% CI)

Least Intake Intermediate Intake Greatest Intake

Amount (cup-eq./day) 1 0.00 0.89 (0.88–0.90) 2.90 (2.86–2.93)
Variety (score) 2,3 0.00 0.25 (0.25–0.25) 0.48 (0.48–0.48)

1 Sample size for low; medium; and high vegetable amount groups = 1393; 13,870; and 13,870; respectively. 2 Sample
size for low; medium; and high vegetable variety groups = 2339; 13,398; and 13,398; respectively. 3 Maximum
possible variety score is 0.64.

Approximately 8% of individuals (n = 2339) had a daily vegetable variety score of zero (least
variety group), meaning they reported consuming up to (and including) one vegetable subgroup
(Table 2). Those in the intermediate group (n = 13,398) had a daily vegetable variety score of 0.25
(0.25–0.25), and those in the greatest intake group had a daily vegetable variety score of 0.48 (0.48–0.48).

Compared to individuals who reported consuming the greatest amount of vegetables daily (Figure 1),
those with an intermediate intake had a 29% greater risk of death from all causes (HR: 1.29, 95% CI:
1.10–1.51), and those with the least intake had a 78% greater risk of mortality from all causes (1.78, 1.29–2.47).
Individuals with the least intake also had a 68% greater risk of death from CVD (1.68, 1.08–2.62) and an
80% greater risk of death from CHD (1.80, 1.09–2.08), compared to individuals with the greatest intake.
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unsaturated-to-saturated fatty acid ratio. * Significantly different than individuals consuming the 
greatest vegetable variety for the same event at p < 0.05 (Bonferroni adjusted). 95% CIs not adjusted 
for multiple comparisons. ** Significantly different than individuals consuming the greatest 
vegetable variety for the same event at p < 0.01 (Bonferroni adjusted). 95% CIs not adjusted for 
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Figure 1. Risk of all-cause and cause-specific cardiometabolic mortality by vegetable intake amount,
1999–2011 (n = 29,133). Reference group is individuals consuming the greatest vegetable amount (mean =
2.90 cup-eq./day, 95% CI = 2.86–2.93 cup-eq./day); intermediate: 0.89 cup-eq./day (0.88–0.90 cup-eq./day);
least: 0 cup-eq./day. CMD, cardiometabolic disease (CVD + diabetes); CVD, cardiovascular disease (CHD
+ stroke); CHD, coronary heart disease; ICD-10 codes: Coronary heart disease (I00–I09, I11, I13, I20–I51),
stroke (I60–I69), diabetes (E10–E14); Cox proportional hazards model, adjusted for age, sex, race/ethnicity,
education, smoking status, cardiometabolic medications, income-to-poverty ratio, body mass index, intake
of added sugars, and intake of unsaturated-to-saturated fatty acid ratio. * Significantly different than
individuals consuming the greatest vegetable variety for the same event at p < 0.05 (Bonferroni adjusted).
95% CIs not adjusted for multiple comparisons. ** Significantly different than individuals consuming the
greatest vegetable variety for the same event at p < 0.01 (Bonferroni adjusted). 95% CIs not adjusted for
multiple comparisons.

No significant relationships were observed between vegetable variety score and the risk of
all-cause or cause-specific mortality (Figure 2).
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Figure 2. Risk of all-cause and cause-specific cardiometabolic mortality by vegetable intake variety,
1999–2011 (n = 29,133). Reference group is individuals consuming the greatest vegetable variety (mean
score = 0.48, 95% CI = 0.48–0.48); intermediate: 0.25 (0.25–0.25); least: 0. CMD, cardiometabolic
disease (CVD + diabetes); CVD, cardiovascular disease (CHD + stroke); CHD, coronary heart disease;
ICD-10 codes: Coronary heart disease (I00–I09, I11, I13, I20–I51), stroke (I60–I69), diabetes (E10–E14);
Cox proportional hazards model, adjusted for age, sex, race/ethnicity, education, smoking status,
cardiometabolic medications, income-to-poverty ratio, body mass index, intake of added sugars,
and intake of unsaturated-to-saturated fatty acid ratio.

4. Discussion

This is the first study to prospectively examine the relationship between daily vegetable variety,
as defined by the DGA, and mortality in the US adult general population. To provide important context
to vegetable consumption patterns, we also assessed the relationship between vegetable amount and
mortality. In this longitudinal analysis of nearly 30 thousand adults followed for up to 12.8 years,
we observed that a greater vegetable amount, but not DGA-recommended variety, was associated with
a modestly reduced risk of death from all causes, CVD, and CHD.

Recent meta-analyses of prospective cohort studies representing diverse international populations
have demonstrated an inverse relationship between vegetable intake amount and risk of mortality
from CVD and all causes [2,4]. However, given the limited number of US studies available, these
meta-analyses included only one study that used data from the general US population, which relied
on data generated from 1971–1992 [24]. Until now, current analyses representing the general US
population were lacking. The present study fills this gap by providing the most contemporary
prospective analysis of the relationship between vegetable amount and risk of mortality from all causes
and cardiometabolic disease subtypes.

Others have reported that greater fruit and vegetable variety was not associated with a reduced
risk of incident coronary heart disease [12]; yet variety was measured using a food frequency
questionnaire with a restricted number of vegetable choices, which is mentioned by the authors
as a limitation. Additionally, vegetable variety was measured as the number of distinct fruits and
vegetables consumed rather than adherence to DGA-recommended vegetable variety, and the risk
of death was not evaluated [12]. Therefore, the present study fills these important research gaps by
prospectively evaluating the relationship between DGA-recommended vegetable variety and the risk
of mortality in the US adult general population.
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Although vegetable variety was not independently associated with risk of mortality, it has
been demonstrated that increasing vegetable variety is an effective strategy to increase vegetable
intake [25]. Previous studies have shown a strong relationship between vegetable variety and
amount [13,25–27]. A greater variety of vegetables in the diet can increase liking [28], possibly through
decreased habituation, which can increase the overall amount consumed [25–27]. This suggests that
the recommendations to increase vegetable amount and variety remain important clinical and public
health messages.

The limitations of this study include the assumption that the exposures (vegetable amount
and variety) acted directly on the baseline hazard function and not on the failure time, and that
the exposures remained constant over time. Individuals may change their diets over time,
and the lack of repeated measures of dietary exposure may have resulted in misclassification.
Additional misclassification could have resulted from converting daily intakes to weekly intakes
to be consistent with how vegetable variety recommendations are provided in the DGA 2015–2020,
and this may also have resulted in an underestimate of vegetable variety scores because individuals
are less likely to consume greater variety over the course of a single day than over the course of a week.
In addition, we cannot rule out measurement error due to individuals over-reporting the consumption
of perceived healthy foods like vegetables, although self-reported data remain useful for comparing
dietary patterns between groups [29]. Comparatively wide confidence intervals were observed for
the least amount/variety group compared to the intermediate and greatest amount/variety groups,
likely due to relatively small sample sizes, so these results should be interpreted cautiously; moreover,
the present study, as well as many prospective cohort studies, is limited in its ability to assess causation,
thus warranting further caution when interpreting these results. Additional longitudinal studies with
repeated measures of dietary exposure are needed to provide support for the observed relationship
between vegetable amount and the risk of cardiometabolic mortality.

Vegetables are rich sources of cardioprotective bioactive compounds, including dietary fiber,
carotenes, lycopene, nitrate, polyphenols, flavonoids, folate, and potassium [5,6,30], which contribute
to weight control, improvement of lipoprotein profiles, reduced blood pressure, inhibited platelet
aggregation, increased insulin sensitivity, and reduced oxidant stress and inflammation [7–9].
Accordingly, the DGA recommends specific amounts for several subgroups, as well as total vegetables,
and a strength of this study includes its novel measurement of vegetable variety, which was designed
to assess adherence to specific DGA recommendations. This is the first research, to the best of
our knowledge, to examine the longitudinal relationship between DGA-recommended variety and
mortality. Additionally, the large sample size and national representativeness of this study make our
findings generalizable to the US adult population.

5. Conclusions

In this prospective analysis of nearly 30 thousand US adults followed for up to 12.8 years,
we observed that a lower vegetable amount, but not DGA-recommended vegetable variety, is associated
with a greater risk of all-cause and cause-specific mortality. This is the first prospective study, to the
best of our knowledge, to link the concept of vegetable variety to the DGA 2015–2020 vegetable
subgroups, which may have stronger implications for clinical practice guidelines than other variety
measures. Limitations of this study include the use of baseline dietary intake only, so appropriate
caution should be used when interpreting these results. We emphasize that additional longitudinal
studies with repeated measures of dietary exposure are needed to more rigorously test the relationship
between vegetable variety and risk of CMD mortality.

Author Contributions: Conceptualization, Z.C. and L.J.; methodology, Z.C. and J.T.; software, Z.C. and J.T.;
validation, Z.C. and J.T.; formal analysis, Z.C and J.T.; investigation, Z.C. and J.T.; resources, Z.C. and L.J.;
data curation, Z.C.; writing—original draft preparation, all authors; writing—review and editing, all authors;
visualization, Z.C.; supervision, L.J.; project administration, Z.C.; funding acquisition, L.J.



Nutrients 2018, 10, 1377 8 of 9

Funding: This research was partially funded by the United States Department of Agriculture, Agricultural
Research Service, 3062-51000-051-00D.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Gan, Y.; Tong, X.; Li, L.; Cao, S.; Yin, X.; Gao, C.; Herath, C.; Li, W.; Jin, Z.; Chen, Y.; et al. Consumption of
fruit and vegetable and risk of coronary heart disease: A meta-analysis of prospective cohort studies.
Int. J. Cardiol. 2015, 183, 129–137. [CrossRef] [PubMed]

2. Aune, D.; Giovannucci, E.; Boffetta, P.; Fadnes, L.T.; Keum, N.; Norat, T.; Greenwood, D.C.; Riboli, E.;
Vatten, L.J.; Tonstad, S. Fruit and vegetable intake and the risk of cardiovascular disease, total cancer
and all-cause mortality-a systematic review and dose-response meta-analysis of prospective studies.
Int. J. Epidemiol. 2017, 46, 1029–1056. [CrossRef] [PubMed]

3. Hu, D.; Huang, J.; Wang, Y.; Zhang, D.; Qu, Y. Fruits and vegetables consumption and risk of stroke:
A meta-analysis of prospective cohort studies. Stroke 2014, 45, 1613–1619. [CrossRef] [PubMed]

4. Wang, X.; Ouyang, Y.; Liu, J.; Zhu, M.; Zhao, G.; Bao, W.; Hu, F.B. Fruit and vegetable consumption
and mortality from all causes, cardiovascular disease, and cancer: Systematic review and dose-response
meta-analysis of prospective cohort studies. BMJ 2014, 349. [CrossRef] [PubMed]

5. Liu, R.H. Health-promoting components of fruits and vegetables in the diet. Adv. Nutr. 2013, 4, 384S–392S.
[CrossRef] [PubMed]

6. Blekkenhorst, L.C.; Sim, M.; Bondonno, C.P.; Bondonno, N.P.; Ward, N.C.; Prince, R.L.; Devine, A.; Lewis, J.R.;
Hodgson, J.M. Cardiovascular health benefits of specific vegetable types: A narrative review. Nutrients 2018,
10, 595. [CrossRef] [PubMed]

7. Li, B.; Li, F.; Wang, L.; Zhang, D. Fruit and vegetables consumption and risk of hypertension: A meta-analysis.
J. Clin. Hyp. 2016, 18, 468–476. [CrossRef] [PubMed]

8. Wu, Y.; Zhang, D.; Jiang, X.; Jiang, W. Fruit and vegetable consumption and risk of type 2 diabetes mellitus:
A dose-response meta-analysis of prospective cohort studies. Nutr. Metab. Cardiovasc. Dis. 2015, 25, 140–147.
[CrossRef] [PubMed]

9. Boeing, H.; Bechthold, A.; Bub, A.; Ellinger, S.; Haller, D.; Kroke, A.; Leschik-Bonnet, E.; Müller, M.;
Oberritter, H.; Schulze, M.; et al. Critical review: Vegetables and fruit in the prevention of chronic diseases.
Eur. J. Nutr. 2012, 51, 637–663. [CrossRef] [PubMed]

10. Fulton, S.L.; McKinley, M.C.; Young, I.S.; Cardwell, C.R.; Woodside, J.V. The effect of increasing fruit and
vegetable consumption on overall diet: A systematic review and meta-analysis. Crit. Rev. Food Sci. Nutr.
2016, 56, 802–816. [CrossRef] [PubMed]

11. US Department of Health and Human Services and US Department of Agriculture. Dietary Guidelines
for Americans 2015–2020, Chapter 1. Available online: http://health.gov/dietaryguidelines/ (accessed on
25 January 2018).

12. Bhupathiraju, S.N.; Wedick, N.M.; Pan, A.; Manson, J.E.; Rexrode, K.M.; Willett, W.C.; Rimm, E.B.; Hu, F.B.
Quantity and variety in fruit and vegetable intake and risk of coronary heart disease. Am. J. Clin. Nutr. 2013,
98, 1514–1523. [CrossRef] [PubMed]

13. Conrad, Z.; Raatz, S.; Jahns, L. Greater vegetable variety and amount are associated with lower prevalence
of coronary heart disease: National Health and Nutrition Examination Survey, 1999–2014. Nutr. J. 2018, 17.
[CrossRef] [PubMed]

14. US Department of Health and Human Services, Centers for Disease Control and Prevention (CDC). About the
National Health and Nutrition Examination Survey; 2017. Available online: www.cdc.gov/nchs/nhanes.htm
(accessed on 7 March 2018).

15. Moshfegh, A.J.; Rhodes, D.G.; Baer, D.J.; Murayi, T.; Clemens, J.C.; Rumpler, W.V.; Paul, D.R.; Sebastian, R.S.;
Kuczynski, K.J.; Ingwersen, L.A.; et al. The US Department of Agriculture Automated Multiple-Pass Method
reduces bias in the collection of energy intakes. Am. J. Clin. Nutr. 2008, 88, 324–332. [CrossRef] [PubMed]

16. MyPyramid Equivalents Database (MPED) and Food Patterns Equivalents Database (FPED). US Department
of Agriculture, Agricultural Research Service. Available online: www.ars.usda.gov/Services/docs.htm?
docid=23871 (accessed on 22 March 2018).

http://dx.doi.org/10.1016/j.ijcard.2015.01.077
http://www.ncbi.nlm.nih.gov/pubmed/25662075
http://dx.doi.org/10.1093/ije/dyw319
http://www.ncbi.nlm.nih.gov/pubmed/28338764
http://dx.doi.org/10.1161/STROKEAHA.114.004836
http://www.ncbi.nlm.nih.gov/pubmed/24811336
http://dx.doi.org/10.1136/bmj.g4490
http://www.ncbi.nlm.nih.gov/pubmed/25073782
http://dx.doi.org/10.3945/an.112.003517
http://www.ncbi.nlm.nih.gov/pubmed/23674808
http://dx.doi.org/10.3390/nu10050595
http://www.ncbi.nlm.nih.gov/pubmed/29751617
http://dx.doi.org/10.1111/jch.12777
http://www.ncbi.nlm.nih.gov/pubmed/26826021
http://dx.doi.org/10.1016/j.numecd.2014.10.004
http://www.ncbi.nlm.nih.gov/pubmed/25456152
http://dx.doi.org/10.1007/s00394-012-0380-y
http://www.ncbi.nlm.nih.gov/pubmed/22684631
http://dx.doi.org/10.1080/10408398.2012.727917
http://www.ncbi.nlm.nih.gov/pubmed/25118067
http://health.gov/dietaryguidelines/
http://dx.doi.org/10.3945/ajcn.113.066381
http://www.ncbi.nlm.nih.gov/pubmed/24088718
http://dx.doi.org/10.1186/s12937-018-0376-4
http://www.ncbi.nlm.nih.gov/pubmed/29991345
www.cdc.gov/nchs/nhanes.htm
http://dx.doi.org/10.1093/ajcn/88.2.324
http://www.ncbi.nlm.nih.gov/pubmed/18689367
www.ars.usda.gov/Services/docs.htm?docid=23871
www.ars.usda.gov/Services/docs.htm?docid=23871


Nutrients 2018, 10, 1377 9 of 9

17. US Department of Health and Human Services, Centers for Disease Control and Prevention.
Linkage methods/analytical support. Available online: https://www.cdc.gov/nchs/data-linkage/
mortality-methods.htm (accessed on 9 August 2018).

18. US Department of Health and Human Services, Centers for Disease Control and Prevention. National Death
Index. Available online: http://www.cdc.gov/nchs/ndi.htm (accessed on 15 November 2016).

19. Hermansen, S.W.; Leitzmann, M.F.; Schatzkin, A. The impact on National Death Index ascertainment of
limiting submissions to social security administration death master file matches in epidemiologic studies of
mortality. Am. J. Epidemiol. 2009, 169, 901–908. [CrossRef] [PubMed]

20. Cowper, D.C.; Kubal, J.D.; Maynard, C.; Hynes, D.M. A primer and comparative review of major US
mortality databases. Ann. Epidemiol. 2002, 12, 462–468. [CrossRef]

21. Drescher, L.S.; Thiele, S.; Mensink, G.B. A new index to measure healthy food diversity better reflects a
healthy diet than traditional measures. J. Nutr. 2007, 137, 647–651. [CrossRef] [PubMed]

22. Hosmer, D.W., Jr.; Lemenshow, S.; May, S. Applied Survuval Analysis: Regression Modeling of Time-to-Event
Data; John Wiley & Sons: New York, NY, USA, 1999; p. 498.

23. Willett, W.C.; Howe, G.R.; Kushi, L.H. Adjustment for total energy intake in epidemiologic studies. Am. J.
Clin. Nutr. 1997, 65, 1220S–1228S. [CrossRef] [PubMed]

24. Bazzano, L.A.; He, J.; Ogden, L.G.; Loria, C.M.; Vupputuri, S.; Myers, L.; Whelton, P.K. Fruit and vegetable
intake and risk of cardiovascular disease in US adults: The first National Health and Nutrition Examination
Survey epidemiologic follow-up study. Am. J. Clin. Nutr. 2002, 76, 93–99. [CrossRef] [PubMed]

25. Meengs, J.S.; Roe, L.S.; Rolls, B.J. Vegetable variety: An effective strategy to increase vegetable intake in
adults. J. Acad. Nutr. Diet. 2012, 112, 1211–1215. [CrossRef] [PubMed]

26. Keim, N.L.; Forester, S.M.; Lyly, M.; Aaron, G.J.; Townsend, M.S. Vegetable variety is a key to improved diet
quality in low-income women in California. J. Acad. Nutr. Diet. 2014, 114, 430–435. [CrossRef] [PubMed]

27. Oude Griep, L.M.; Verschuren, W.M.; Kromhout, D.; Ocke, M.C.; Geleijnse, J.M. Variety in fruit and vegetable
consumption and 10-year incidence of chd and stroke. Public Health Nutr. 2012, 15, 2280–2286. [CrossRef]
[PubMed]

28. Parizel, O.; Laboure, H.; Marsset-Baglieri, A.; Fromentin, G.; Sulmont-Rosse, C. Providing choice and/or
variety during a meal: Impact on vegetable liking and intake. Appetite 2017, 108, 391–398. [CrossRef]
[PubMed]

29. Subar, A.F.; Freedman, L.S.; Tooze, J.A.; Kirkpatrick, S.I.; Boushey, C.; Neuhouser, M.L.; Thompson, F.E.;
Potischman, N.; Guenther, P.M.; Tarasuk, V.; et al. Addressing current criticism regarding the value of
self-report dietary data. J. Nutr. 2015, 145, 2639–2645. [CrossRef] [PubMed]

30. Tang, G.-Y.; Meng, X.; Li, Y.; Zhao, C.-N.; Liu, Q.; Li, H.-B. Effects of vegetables on cardiovascular diseases
and related mechanisms. Nutrients 2017, 9, 857. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

https://www.cdc.gov/nchs/data-linkage/mortality-methods.htm
https://www.cdc.gov/nchs/data-linkage/mortality-methods.htm
http://www.cdc.gov/nchs/ndi.htm
http://dx.doi.org/10.1093/aje/kwn404
http://www.ncbi.nlm.nih.gov/pubmed/19251755
http://dx.doi.org/10.1016/S1047-2797(01)00285-X
http://dx.doi.org/10.1093/jn/137.3.647
http://www.ncbi.nlm.nih.gov/pubmed/17311954
http://dx.doi.org/10.1093/ajcn/65.4.1220S
http://www.ncbi.nlm.nih.gov/pubmed/9094926
http://dx.doi.org/10.1093/ajcn/76.1.93
http://www.ncbi.nlm.nih.gov/pubmed/12081821
http://dx.doi.org/10.1016/j.jand.2012.05.013
http://www.ncbi.nlm.nih.gov/pubmed/22818729
http://dx.doi.org/10.1016/j.jand.2013.07.026
http://www.ncbi.nlm.nih.gov/pubmed/24095620
http://dx.doi.org/10.1017/S1368980012000912
http://www.ncbi.nlm.nih.gov/pubmed/22443916
http://dx.doi.org/10.1016/j.appet.2016.10.027
http://www.ncbi.nlm.nih.gov/pubmed/27784633
http://dx.doi.org/10.3945/jn.115.219634
http://www.ncbi.nlm.nih.gov/pubmed/26468491
http://dx.doi.org/10.3390/nu9080857
http://www.ncbi.nlm.nih.gov/pubmed/28796173
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Dietary Data 
	Outcome Ascertainment 
	Measuring Vegetable Variety 
	Statistical Analyses 

	Results 
	Discussion 
	Conclusions 
	References

